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ANNUAL MEETING 


New York, N. Y., June 26-30, 1944 


The following Summary records the action taken by the Society at the Annual 
Meeting on the Recommendations Affecting Standards and Tentative Standards 
appearing in the annual reports of the standing committees. In the individual com- 
mittee reports attention is called through an editorial footnote to any modifications 
of the recommendations or where the recommendations of the committee were not 
In all other instances it is to be understood that the recommendations 
were approved as submitted by the committee. The new and revised standards and 
tentative standards are published in the 1944 Book of A.S.T.M. Standards, Parts 
Except as noted, the reports and paper appear in this volume. 


approved. 


I, I, and III. 


This summary of the Forty-seventh 
Annual Meeting of the American Society 
for Testing Materials, held at ‘The Wal- 
dorf-Astoria, New York, N. Y., June 
26-30, 1944, is a record of the transac- 
tions of the meeting including the actions 
taken on the various recommendations 
submitted by the standing committees. 
In all, 16 sessions were held. 

The registered attendance of the 
meeting is as follows: Members present 
or represented, 1185; committee mem- 
bers, 368; guests, 510; total, 2063. 

The Proceedings are set forth session 
by session. There were 58 reports and 
52 formal papers presented. The record 
with respect to each has been briefed, 
the recommendations in the reports 
having been grouped so as to cover the 
acceptance of material for publication as 
tentative, such as new specifications, 
methods of test, revisions of tentative 
standards and proposed revisions of 
existing standards, and as a separate 
group, the approval of matters that were 
referred to letter ballot of the Society, 
comprising the adoption of tentative 


standards as standard and the adoption 
of revisions of standards. Accordingly, 
wherever the action is reported as 
“adopted as standard,” or “adopted as 
standard, revisions in” it is understood 
that this indicates approval of the 
annual meeting for reference to letter 
ballot of the Society. The various 
recommendations so recorded are in- 
cluded in the Society letter ballot... The 
actions designated as “accepted as 
tentative” or “accepted as tentative, 
revisions in,” are self evident as indi- 
cating acceptance by the Society at the 
Annual Meeting for publication as ten- 
tative. 

While all of the items on the program 
are recorded under the particular session 
in which they were presented, for con- 
venience in locating actions with respect 
to any particular report, the accompany- 
ing list is presented of all the reports 
together with the page reference where 
the action thereon is recorded. 


1The letter ballot on recommendations affecting 
standards, distributed to the Society membership, was 
canvassed on September 15, 1944, and all actions were 
approved. 


| 
SUMMARY OF FORT Y-SEVENTH 
ip 4 


2 7 SUMMARY OF PROCEEDINGS 


re? 


Location or Actions ON ComMITTEE REPORTS 
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President Dean Harvey extended a 
very cordial welcome to the members 
and guests in opening the Forty-seventh 
Annual Meeting of the Society. He 
stated that the Society had a very 
successful year as evidenced by the 
progress and accomplishments in its 
standardization and research activities 
which are covered in detail in the many 
reports and papers to be presented at 
this annual meeting. He stated that 
from the expected attendance, the in- 
creased number of committee meetings, 
and the number of interesting technical 
sessions this promised to be the largest 
and most successful meeting held by the 
Society. 


Committee D-19 on Water for Industrial 
Uses: 
Report presented by Max Hecht, chairman. 


TUESDAY, JUNE 27, 2 P.M. 
Session Co-CHaIRMEN: PresipENT DEAN Harvey; W. C. SCHROEDER 


Joint Research Committee on Boiler Feed- 
water Studies: 


Report, not preprinted, presented from 
manuscript by J. B. Romer, secretary. 


Round-Table Discussion on Organizing the 
Classification of Industrial Waters: 


This Round-Table Discussion was introduced 
by W. C. Schroeder, and the following papers 
were then presented: 
Typical Water Analyses for Classification with 

Reference to Industrial Use—W. D. Collins, 

presented by the author. 
The Use of Selected Waters in Pulp and Paper 

Manufacture—Lewis B. Miller, W. H. & L. 

D. Betz, presented from manuscript by Mr. 

Miller. 
Treatment of Various Types of Waters for 

Operating Pressures Above 400 psi.—R. E. 

Hall, presented from manuscript by the au- 

thor. 
Classification of Feedwater for Boilers Operating 

Between 100-400 psi—J. A. Holmes, pre- 

sented from manuscript by the author. 


SECOND SESSION—FATIGUE, METHODS OF TESTING 
TUESDAY, JUNE 27, 3 P.M. 
= SESSION CHAIRMAN: VICE-PRESIDENT, J. R. TOWNSEND i 


Research Committee on Fatigue of Metals: 


Report, not preprinted, presented from manu- 
script by H. F. Moore, chairman, including a 
further progress report on the studies of effect of 
size of specimen on fatigue strength. 


Committee E-1 on Methods of Testing: 


Report presented by H. F. Moore, vice- 
chairman, and the following actions taken? 


Adopted as Standard: 


Spec. for Air Chamber Thermometer and for 
Tung Oil Thermometer, prescribed in Tenta- 
tive Spec. for A.S.T.M. Thermometers (E 1- 
44 T). 


Adopted as Standard, Revisions in 


Spec. for A.S.T.M. Thermometer (E 1-42); to 
include explanatory notes on periodic check- 


2 This recommendation, not preprinced, was accepted 
by unanimous consent subject to favorable letter ballot of 
Committee E-1, which ballot has been favorable and the 
results are given in the report of the committee, see p. 515. 


@, 


ing of changes of bulb volume of ina ther- 
mometers and on ice point determinations of 
glass thermomete:s. 


Committee E-7 on Radiographic Testing: 
Report, not preprinted, presented from 
manuscript by Lars Thomassen. 


Committee E-8 on Nomenclature and Def- } 
initions: 
Report presented, in the absence of the chair- _ 

man, by the chair. % 

Committee E-3 on Chemical Analysis of pi 
Metals: 


Report, not preprinted, presented from 


manuscript by G. E. F. Lundell, chairman. _ 


Committee E-2 on Spectrographic Analysis: 


Report, not preprinted, presented from 
manuscript by H. V. Churchill, chairman. 
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Papers: 


The following papers were presented: 


Characteristics of the Tuckerman Strain Gage— Quantitative Spectrographic Analysis of Copper 


Bruce L. Wilson, presented by the author. 
Factors Affecting Hardness Relationships in 


SUMMARY OF PROCEEDINGS 
“ak 


the Range 50 to 250 Brinell—Robert H. 


Heyer, presented by the author. 


Alloys*—R. A. Wolfe and Emile J. Jemal, 
presented from manuscript by Mr. Wolfe. 


THIRD SESSION—TIMBER, PLASTICS. ELECTRICAL INSULATING MATERIALS, 
RUBBER 


TUESDAY, JUNE 27, 2 


SESSION CHATRMAN: MyRON Park Davis 


Committee D-7 on Timber: 


Report presented by Hermann von Schrenk, 
chairman. 


Committee D-10 on Shipping Containers: 


The activities of this committee were reported 
upon informally by L. J. Markwardt. 


Committee D-20 on Plastics: 


Report presented by L. W. A. Meyer, secre- 
tary, and the following actions taken: a 


Accepted as Tentative: 


Spec. for Cellulose Acetate Plastic Sheets 
Spec. for Ethyl Cellulose Molding Compounds 
Spec. for Methacrylate Molding Compounds 
Spec. for Nylon Injection Molding Compound 
Flexural Test of Plastics 

Test for Rockwell Hardness of Plastics and 
Electrical Insulating Materials, submitted 
jointly with Committee D-9. 

Test for Luminous Reflectance and Transmis- 
sion Characteristics and Color of Plastic 
Materials 

Test for Specific Gravity of Plastics 

Test for Short-Time Stability at Elevated 
Temperatures of Plastics Containing Chlorine 

Rec. Practice for Determining Permanent Effect 
of Heat on Plastics 

Rec. Practice for Accelerated Weathering of 
Plastics Using S-1 Bulb and Fog Chamber 

Rec. Practice for Molding Impact Specimens of 
General Purpose Phenolic Material 


Accepted as Tentative, Revisions in: 


Spec. for Nonrigid Vinyl Butyral Plastics (D 
745 — 43 T) 

Spec. for Vinylidene Chloride Molding Com- 
pounds (D 729 — 44 T) 

Spec. for Cellulose Acetate Molding Compounds 
(D 706 - 43 T) 

Spec. for Cellulose Acetate Butyrate Molding 
Compounds (D 707 - 43 T) 

Spec. for Cellulose Nitrate (Pyroxylin) Plastic 


Sheets, Rods, and Tubes (D 701 43 T) 


‘Test for Brittleness of Nonrigid Plastics (D 


been withdrawn by the committee. 


Spec. for Melamine-Formaldehyde 
Compounds (D 704 - 43 T) 

Spec. for Nonrigid Vinyl 
Plastics (D 742 — 43 T) 

Spec. for Nonrigid Ethyl Cellulose Plastics 
(D 743 - 43 T) 

Spec. for Nonrigid Vinyl Chloride Plastics 
(D 744-43 T),* with changes in Sections 2. _ 
and 6 (c) and in Tables I and II providing for ~_ 
an additional type with two grades, and 
revisions in certain requirements for the pres- 
ent types and grades. 


Molding 


Chloride-Acetate 


746 43 T) 

Test for Distortion Under Heat of Molded | 
Electrical Insulating Materials (D 648-41 T), — 
subject to concurren by Committee D-9. 

Test for Measuring Relative Mobility of Ther- | 
mosetting Molding Powder (D 731 -— 43 T) ; 

Test for Tensile Properties of Plastics (D 638 - 
42 T) 

Test for Haze of Transparent Plastics by Photo- 
electric Cell (D 672 - 42 T) 

Methods of Conditioning Plastics and Elect 
Insulating Materials for Testing (D 61s 
41 T) 

Test for Deformation of Plastics Under Load 
at Elevated Temperatures (D 621 - 43) 

OF 


Adopted as Standard: 


Test for Flammability of Plastics Over 0.050 in. 
in Thickness (D 635 - 41 T) 
Test for Mar Resistance of Plastics (D 673 -_ 

42 T) 
Test for Coefficient of Linear Thermal Expan- 

sion of Plastics (D 696 — 42 T) 

It was announced that the recommendation — 
in the preprinted report covering revisions in — 
the Tentative Specifications for Laminated 
Thermosetting Materials (D709-43T) 


3 Published in ASTM Buttetin, No. 129, August 1944, 
p. 45. 
This recommendation, not preprinted, was accepted 
by unanimous consent, subject to favorable letter ballot 


of Committee D-20, which ballot has been favorable 7 ‘ 
the results are given in the report of the committee, see _ 
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Committee D-9 on Electrical Insulating 
Materials: 


Report presented by W. A. Zinzow, secre- 
tary, and the following actions taken: 


Accepted as Tentative: 


Spec. for Orange Shellac and Other Indian Lacs 
for Electrical Insulation 

Test for Rockwell Hardness of Plastics and 
Electrical Insulating Materials, submitted 
jointly with Committee D-20. \ 


Accepted as Tentative, Revisions in: 


Test for Power Factor and Dielectric Constant 
of Electrical Insulating Materials (D 150- 
42 T) 

Sampling and Testing Untreated Paper Used in 
Electrical Insulation (D 202 - 41 T) 

Spec. for Phenolic Laminated Sheet for Radio 
Applications (D 467 — 40 T) 

Conditioning Plastics and Electrica] Insulating 
Materials for Testing (D 618 - 41 T) 

Testing Electrical Insulating Oils (D 117 - 43) 

Testing Sheet and Plate Materials Used in 
Electrical Insulation (D 229 — 43) 

Testing Laminated Tubes Used in Electrical 
Insulation (D 348 — 42) ; 

Testing Laminated Round Rods Used in Elec- 
trical Insulation (D 349 — 42) 

Test for Grading and Classification of Natural 
Mica (D 351 — 38) 


Adopted as Standard: 


Test for Saponification Number of Petroleum 
Products by Color-Indicator Titration (D 94 
43 T) 

Test for Dielectric Strength of Electrical Insu- 
lating Materials at Commerciai Power Fre- 
quencies (D 149 - 40 T) 

Testing Solid Filling and Treating Compounds 
Used for Electrical Insulation (D 176 - 42 T) 

Testing Glass Spool Insulators (D 550-41 T) 

Test for Punching Quality of Phenolic Lami- 
nated Sheets (D 617 - 41 T) 

Test for Product Uniformity of Phenolic Lami- 
nated Sheets (D 634-41 T) 

Testing Steatite Used as Electrical Insulation 
(D 667 - 42 T) 

Measuring Dimensions of Rigid Tubes Used in 
Electrical Insulation (D 668 - 42 T) 


It was announced that the recommendation 
in the report for adoption as standard of the 
Tentative Methods of ‘Test for Sludge Formation 
in Mineral Transformer Oil (D 670-42 T) had 
been withdrawn by the committee. 


Adopted as Standard, Revisions in: 
Testing Electrical Porcelain (D 116-42) 


Testing Shellac Used for Electrical Insulation 
(D 411 - 42) 


Forty-SEVENTH ANNUAL 


Withdrawal of Standard: 


Test for Comparing Thermal Conductivities of 


Solid Electrical Insulating Materials (D 325 |, 


31 T) 


Accepted for Publication as Information Only: 
Test for Gas Content of Insulating Oil 


Sectional Committee C59 on Electrical In- 
sulating Materials: 


Report, not preprinted, presented from 
manuscript by H. L. Curtis, chairman. 


Committee D-11 on Rubber Products: 


Report presented by S. Collier, acting chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Test for Stiffening of Vulcanized Elastomers at 
Low Temperatures 

Spec. for Cellular Rubber Products ae 

Accepted as Tentative, Revisions in: ‘4 

Testing Sponge Rubber Products (D 552 — 43 T) 

Testing Automotive Hydraulic Brake Hose 
(D 571 - 40 T) 

Testing Automotive Air Brake and Vacuum 
Brake Hose (D 622 - 41 T) 

Test for Indentation of Rubber by Means of 
the Durometer (D 676 — 42 T) 

Spec. for Chloroprene Sheath Compound for 
Electrical Insulated Cords and Cables (D 752 
~ 43 T) 

Spec. for Chloroprene Sheath Compound for 
Electrical Insulated Cords and Cables Where 
Extreme Abrasion Resistance is Not Required 
(D 753 — 43 T) 

Spec. for Insulated Wire and Cable: Perform- 


ance Synthetic Rubber Compound (D 755 - 
43 T) 


Adopled as Standard: 


Test for Resistance to Light Checking and 
Cracking of Rubber Compounds (D 518 - 
38 T) 

Test for Tear Resistance of Vulcanized Rubber 
(D 624 - 41 T) 

Sampling and Testing Rubber Latex (D 640 - 
41 T),° with revisions adapting them to test- 
ing both natural and synthetic rubber latices. 


Committee C-14 on Glass and Glass 
Products: 
Report presented by title. 
§ This recommendation, not preprinted, was accepted 


by unanimous consent, subject to avorable letter balfot 
oi Committee D-11, which ballot has been favorable and 
the results are given in the report of the committee, see 


p. 464. 
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Papers: 


The following papers were presented: 
Fatigue Tests on Compressed and Impregnated 
Laminated Wood*—Albert G. H. Dietz and 
Henry Grinsfelder, presented by Mr. Grins- 
felder. 
"Papert Static Tests and Creep Tests of a 


Paper Laminated Plastic—W. N. Findley and 
W. J. Worley, presented by Mr. Findley. 


Indentation Hardness of Plastics—Ladislav 
Boor, presented by the author. 

Impact Testing of Plastics—II. Factors Which 
Influence the Energy Absorbed by the Speci- 
men—Davis Telfair and H. K. Nason, pre- 
sented from manuscript by Mr. Telfair. 

Flow of Thermosetting Plastics at Elevated 
Temperatures—John Delmonte and E. Wat- 


kins, presented by Mr. Delmonte. : | 


WEDNESDAY, JUNE 28, 9:30 a.m. 


FOURTH SESSION—ROUND-TABLE DISCUSSION ON CENTRIFUGAL CASTINGS 


HELD JOINTLY WITH THE AMERICAN FOUNDRYMEN’S ASSOCIATION 


SESSION CHAIRMAN: N. L. MocHer 

The Round- Table Discussion was of an informal nature, completely off the record, and was par- 
ticipated in by a number of leading producers and consumers, who discussed production technique 
and problems in determining the properties of centrifugal cast'ngs, types of specimens, and related 
matters. A brief statement covering this discussion appears on page 779. 


WEDNESDAY, JUNE 28, 9:30 a.m. 


MATERIALS 
SESSION CHAIRMAN: 
Committee D-5 on Coal and Coke: 
Report presented by A. C. Fieldner, chaie- 
man, and the following actions taken: 
Adopted as Standard, Revisions in: 
Method for Designating the Size of Coal from 
B Its Screen Analysis (D 431 - 38 ) 
7 Methods of Laboratory Sampling and Analysis 
' of Coal and Coke (D 271-43) 
Adopted as Standard: 
of the Terms Gross Calorific Value and 


Net Calorific Value of Fuels (D 407 - 35 T), 
as revised, with a minor change in the note 
substituting “appropriate” for the word 
“correct” in the last sentence. 


Methods of Laboratory Sampling and Analysis 

of Coal and Cole (D 271 - 43) 
A motion picture film on the subject “Sam- 
x: pling of Solid Fuels” was then shown through the 
courtesy of the Pennsylvania State College, Fuel 
Téchnology Extension. The film illustrated 
_ the application of A.S.T.M. methdds for sam- 
pling coal] and was introduced by A. W. Gauger 


Editorial Changes Accepted in 
_ Method of Tumbler Test for Coke (D 294 - 29) 


FIFTH SESSION—PETROLEUM PRODUCTS, COAL AND COKE, FUELS, BITUMINOUS 


» 


E. O. RHopEs 


Committee D-3 on Gaseous Fuels: 


Report presented by A. W. Gauger, chairman 


Committee D-2 on Petroleum Products and 
Lubricants: 


Report presented by T. G. Delbridge, vice- 
chairman, and the following actions taken: 


Accepted as Tentative, Revisions in: 


Test for Aniline Point of Petroleum Products 
(D 611 - 43 T) 

Test for Consistency of Lubricating Greases 
and Petrolatum (D 217 - 38 T), with a further 
revision’? of the method separating the pro- 
cedures for grease and pet-rjatum and in- 
corporating minor changes. 

Test for Knock Characteristics of Aviation Fuels 
(D 614-43 T), with the following additional 
revisions:? 

Section 5 (n).—Change title to read “‘Fuel- 
Air Ratio for Maximum Thermal-Plug Tem- 
perature.” 

Section 5 (p).—Change lines 8 to 11 to read: 
‘...until equal thermal-plug temperatures 


6 Published in ASTM Buttetin, No. 129, August, 1944, 
31 


“ 7 These recommendations, not preprinted, were ac- 
cepted by unanimous consent, subject to favorable letter 
ballot of Committee D-2, which ballot has been favorable 
and the results are given in the report of the committee, 
see p. 379 
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are obtained for the two fuels in a mean of 
three alternate comparisons, within a toler- 
ance of 1.0F.(0.6C).” Also in lines 13 and 
14 change “maximum knock mixture” to 
“the fuel-air ratio for maximum knock.” 

Section 7 (a).—In lines 12 and 13, change 
“mixture adjustment” to “readjustment of 
fuel-air ratio.” 

Section 7 (b).—Change title to “Adjust- 
ment of Fuel-Air Ratio.” In item (2), line 
3 change “air-fuel” to “fuel-air,” in item (3), 
line 5 change “‘mixtures”’ to “fuel-air ratios,” 
in item (4), line 6 change “maximum knock 
mixture” to “maximum thermal-plug tem- 
perature,” and in line 11 delete “for maximum 
knock mixture.” 

Section 8 (b).—Change to “Adjustment of 
Fuel-Air Ratio.—The fuel level shall then be 
adjusted to obtain maximum thermal-plug 
temperature as described in Section 7 (b).” 

Section 8 (c).—In lines 3 and 4 change 
“sample” to “fuel”; in lines 6 and 7 change 
“its maximum knock mixture” to “the fuel- 
air ratio for maximum thermal-plug tem- 
perature.” 

Section 9 (a).—In line 1 change “sample” 
to “fuel.” 

Section 12.—In line 6 change “samples” to 
“fuels.” 

Section A4 (c).—Change this revision as 
preprinted to read as follows: ‘Valve Guides. 
—Cast iron. As installed, the difference in 
diameter between the valve stem and its 
guide shall be 0.0025 + 0.0005 in. for the 
intake valve and 0.0035 + 0.0005 in. for the 
exhaust valve.” 

Section A5 (a).—At the end of the present 
section, add the following paragraph: “As a 
safety precaution, a suitable water manometer 
may be connected to the air outlet pipe of the 
ice tower. A differential pressure appreciably 
in excess of 0.5 in. of water indicates undue 
restriction of the air flow, resulting from 
improper condition of the ice or plugging of 
the drain trap.” 

Test for Neutralization Number of Petroleum 
Products by Color-Indicator Titration (D 663 
-42T), with the following sentence added 
at the end of the statement of scope:? “This 
method is not applicable to oils which form 
stable emulsions.” 

Test for Neutralization Number of Petroleum 
Products by Electrometric Titration (D 664 
-42T) 

Test for Rust-Preventing Characteristics of 
Turbine Oils (D 665 - 42 T) 


Adopted as Standard: 
Test for Oil Content of Paraffin Wax (D 721 - 
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Test for Knock Characteristics of Motor Fuels 
(D 357 - 43 T), with the following additional 
revisions:? 

Section 5 (c).—In line 1 change “0.025 in.” 

to “0.015 to 0.025 in.” Insert new Note 2 
to read as follows: ‘‘Note 2.—In rating fuels of 
very high octane number, more satisfactory 
operation of spark plugs is obtained with a gap 
of less than 0.025 in., the latter being preferable 
in the motor-fuel range. 

Section 5 (o).—Change title to “Fuel-Air 
Ratio for Maximum Knock.” 

Section 9 (b).—Delete and substitute the 
following: ‘“The bouncing-pin adjustment shall 
not be considered satisfactory unless the 
knock-meter reading is zero when operating 
on a non-knocking reference fuel throughout 
the micrometer range over which the pin 
setting is to be used.” 

Section 11 (a).—Change “adjustment” to 
“readjustment.” 

Section 11 (b).—Change title to “Adjust- 
ment of Fuel-Air Ratio.” In line 10 change 
“air-fuel” to “fuel-air,” and in line 11 change 
“air-fuel” to “fuel-air.” 

Section 12 (b).—Change title to “Adjust- 
ment of Fuel-Air Ratio.” 

Section 12 (d).—In line 1 change “air-fuel” 
to “fuel-air.” 

Section A4 (c).—Change the first portion 
of this revision as preprinted to read as follows: 
“Valve Guides—Cast iron. As_ installed, 
the difference in diameter between the valve 
stem and its guide shall be 0.0925 + 0.0005 in. 
for the intake valve and 0.0035 + 0.0005 in. 
for the exhaust valve.” 

Section A5 (a).—At the end of the present 
section, add the following paragraph: “As a 
safety precaution, a suitable water manom- 
eter may be connected to the air-outlet pipe 
of the ice tower. A differential pressure 
appreciably in excess of 0.5 in. of water indi- 
cates undue restriction of the air flow, re- 
sulting from improper condition of the ice or 
plugging of the drain trap.” 

Footnote 16.—Change to read as follows: 
“Note that the throttle plate originally used 
with the present type variable-float-level 
carburetor has been discarded.” 

Section A13 (g).—In line 5 change “oil” to 
oil.” 

Test for Saponification Number of Petroleum 
Products (D 94-43 T), as revised 

Conversion of Kinematic Viscosity to Saybolt 
Furol Viscosity (D 666 - 42 T) +r 


Adopted as Standard, Revisions in: 3 


Test for Gum Content of Gasoline (D 381 — 42) 
Test for Sulfur in Petroleum Oils by Bomb 
Method (D 129-39) | 
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Test for Viscosity by Means of the Saybolt 
Viscosimeter (D 88 - 38), with the following 
revision 
Section 2 (c).—-Add a footnote at the end 
_ of this section to read as follows: “Many years’ 
experience with flasks conforming to these 
dimensions has proved them to be satisfactory 
for all but the most viscous oils. With the 
ae latter, drainage errors may occur if the length 
of the neck of the flask above the graduation 
mark varies excessively. As soon as stocks 
of flasks now on hand have been depleted, 


or it is planned to revise the flask specification 


by limiting the length of the neck above the 


graduation mark to a maximum of 11 mm.” 
Withdrawal of Tentative Standard: - 


Spec. for Aviation Gasoline (D615-41T) 
Accepted for Publication as Information Only: 


Test for Potential Gum in Aviation Gasoline 

Conversion Tables of Metric Tons in Vacuo to 
Long and Short Tons in Air, and Vice Versa 

Oil Measurement (A statement of principles 
that have been accepted for methods of oil 
measurement) 

Method for Analysis of Petroleum Sulfonates 

Test for Saponification Number of Petroleum 
Products by Electrometric Titration 


Sectional Committee Z1l1 on Petroleum 
Products and Lubricants: 


Report, not preprinted, presented from 
manuscript by T. G. Delbridge, vice-chairman. 


Committee D-8 on Bituminous Waterproof- 
ing and Roofing Materials: 


Report presented by J. M. Weiss, chairman 
and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Asphalt-Saturated Asbestos Felts for 
Use in Waterproofing and in Constructing 
Built-Up Roofs (D 250-42 T) 

Spec. for Asphalt-Saturated and Asphalt-Coated 
Asbestos Felts for Use in Constructing Built- 
Up Roofs (D 655 - 42 T) 

Testing Felted and Woven Fabrics Saturated 
with Bituminous Substances for Use in 
Waterproofing and Roofing (D 146 - 38 T) 


Adopted as Standards: 


Volume Correction Table for Tar and Coal-Tar 


Pitch (D 633 — 41 T), jointly with Committee 


D-4. 
Spec. for Wide Selvage Asphalt Roofing Sur- 
faced with Coarse Mineral Granules (D 371 - 
41 T),® with a revision in Table I deleting 
—_ from the tenth item in the table the words 


“per 108 sq. ft.” 


Spec. for Asphalt Siding Surfaced with Coarse 
Mineral Granules (D 699-42 T),® with a 
revision in Table I deleting from the ninth 
item in the table the words “per 100 sq. ft.” 


Adopted as Standard, Revisions in: 


Spec. for Asphalt for Use in Constructing Built- 
Up Roof Coverings (D 312-41) 

Spec. for Asphalt-Saturated Roofing Felt for 
Use in Waterproofing and in Constructing 
Luilt-Up Roofs (D 226-42) 

Spec. for Coal-Tar Saturated Roofing Felt for 
Use in Waterproofing and in Constructing 
Built-Up Roofs (D 227 - 42), with a further 
revision in the new Section 2, changing “‘shall’”’ 
to read “may.” 

Spec. for Woven Cotton Fabrics Saturated with 
Bituminous Substances for Use in Water- 
proofing (D 173 - 42) 


Reaffirmation of Standards: 


Spec. for Coal-Tar Pitch for Roofing, Damp- 
proofing and Waterproofing D( 450 - 41) 

Test for Coarse Particles in Mixtures of Asphalt 
and Mineral Matter (D 313 - 41) 


It was announced that the recommendation 
appearing in the report as preprinted for adop- 
tion as standard of the Tentative Methods of 
Sampling Bituminous Materials (D 140-41 T) 
had been withdrawn by the committee. 


Committee D-4 on Road and Paving 
Materials: 


Report presented by Prévost Hubbard, secre- 
tary, and the following actions taken: 


Accepted as Tentative: 


Test for Hot Extraction of Asphaltic Materials 
and Recovery of Bitumen by the Modified 
Abson Procedure 

of 

Adopted as Standard: a 

4 

Spec. for Crushed Stone, Crushed Slag, and 
Gravel for Water-Bound Macadam Base and 
Surface Courses of Pavements D( 694 - 42 T) 

Spec. for Crushed Stone and Crushed Slag for 
Bituminous Macadam Base and Surface 
Courses of Pavements (D 693 —- 42 T), with a 
revision’ to replace the present Notes 1 and 2 
in Section 5 by the following note: - 


8 These recommendations, not preprinted, were ac- 
cepted by unanimous consent, subject to favorable letter 
ballot of Committee D-8, which ballot has been favorable 
and the results are given in the report of the committee, 
see p. 420. 

* This recommendation, not preprinted, was accepted 
» | unanimous consent, subject to avorable letter ballot 
of Committee D-4, which ballot has been favorable and the 
results are given in the report of the committee, see p. 405. 
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Note.—Sizes have been selected from the Tentative 
Specifications for Standard Sizes of Coarse Aggregate 
for Highway Construction (A.S.T.M. Designation: 
D 448). An appropriate size should be selected for 
each use, depending on thickness of the base or sur- 
face course, quality of the aggregate, and on other 
local construction and service conditions. 

For the harder aggregates, any of the sizes specified 
for penetration course aggregate may be appropriate, 
depending upon characteristics of the construction. 
For softer aggregates which tend to break down under 
the roller, the larger sizes should be used. The line of 
demarcation between harder and softer aggregates 
may be fixed conveniently by selection of limiting per- 
centages of wear, Los Angeles machine, depending on 
characteristics of aggregates available in each locality. 

The size of choke aggregate best suited for the work 
depends upon the size of surface voids in the penetra- 
tion course and on fluidity of the bituminous binder. 
The more fluid binders require a densely graded choke 
aggregate (sizes 67 or 78), while the open gradations of 
aggregate are more suitable for the more viscous hot- 
application binders. The following combinations of 
size numbers are suggested: 


Size of Size of Choke Aggregate 
Penetration 
Course 
Aggregate Viscous Binders Fluid Binders 
5 67 
5 or 6 67 or 78 
60r7 78 


The size of seal coat aggregate depends upon the 
type of surface desired. ~~ 
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Volume Correction Table for Tar and Coal-Tar 
Pitch (D 633 - 41 T), jointly with Committee 
D-8. 

Test for Moisture-Density Relations of Soil- 
Cement Mixtures (D558-40T) with 
revisions 

Wetting-and-Drying Test of Compacted Soil- 
Cement Mixtures (D 559 — 40 T) 

Freezing-and-Thawing Test of Compacted Soil- 
Cement Mixtures (D 560 — 40 T) 

The above latter three recommendations 

were presented jointly with Committee D-18 

on Soils for Engineering Purposes.'® 


Adopted as Standard, Revisions in: 


Test for Ductility of Bituminous Materials (D 
113 — 39) 

Test for Abrasions of Coarse Aggregate by Use 
of the Los Angeles Machine (C 131-39)" 
jointly with Committee C-9 on Concrete and 
Concrete Aggregates, to incorporate the ten- 
tative revision” published since June, 1941, 
with the exception of the explanatory note. 


SIXTH AND SEVENTH SESSIONS—SYMPOSIUM ON ANALYTICAL COLORIMETRY 
AND PHOTOMETRY 


Co-CHAIRMEN: Past-PrESIDENT G. E. F. LunpeELt; J. J. Stumm 


Past-President G. E. F. Lundell in 
opening the symposium sessions said 
that the series of papers on analytical 
colorimetry and photometry had been 
arranged in order to present a clear 
picture on the more ‘ecent developments 
for simpler and i pid methods of 
analysis. 

The ever-increasing cemands for speed 
and output of chemical determinations 
have forced the chemist to shorten 
methods of test to the absolute limit 
consistent with the accuracy that is 
needed. Important developments along 
this line have been the rapid improve- 
ment of apparatus for measuring the 
absorption of light by aqueous solutions, 
and of methods of test based on their 
use. He stated that during the sym- 
posium detailed consideration would be 


WEDNESDAY, JUNE 28, 9:30 a.m. AND 1:30 P.M. 


given to principles, apparatus, and 
applications and would include such 
topics as light, the derivation and use of 
laws, chemical principles, photoelectric 
cells, glass filters, filter photometers, 
spectrophotometers, errors involved in 
application of the instruments, the use 
of the methods in testing ferrous and 
non-ferrous metals, and bibliography. 

The papers comprising the symposium 
were then presented at two sessions, 
as follows: 


10 These recommendations, not preprinted, were ac- 
cepted by unaximous consent, subject to favorable letter 
ballots of Committees D-4 and D-18, which ballots have 
been favorable and the results are given in the reports of 
the committees, see p. 405 and p. 498. | 

11 This recommendation, not preprinted, was accepted 
by unanimous consent, subject to favorable letter ballot 
of Committee D-4, which ballot has been favorable and the 
results are given in the report of the committee, see p. 405. 

12 1943 Supplement to Book of A.S.T.M. Standards 
Part II, p. 162. 
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SumMMARY OF PROCEEDINGS 
as Sixth Session: Instruments Section 


G. E. F. LuNDELL, CHAIRMAN 


Colorimetric Analysis and Beer’s Law—J. L. 
Hague, presented from manuscript by the 
author. 

Photocells in Colorimetry—Ralph H. Muller, 
presented from manuscript by the authcr. 
Glass Photometric Filters—O. A. Gage, pre- 

sented from manuscript by the author. 

Filter Photometers—A. E. Ruehle, presented 


Spectrophotometer Cells—S. E. Q. Ashley, pre- a 
sented from manuscript by the author. | 

Trends in Analytical Chemistry—B. L. Clarke, __ 
presented from manuscript by the author. “a 

Spectrophotometers—K. S. Gibson, presented 
from manuscript by the author. 


Physical Basis of Light—R. J. Kryter, illustrated 


from manuscript by the author. talk. 
oe 

7 Seventh Session: Chemical Section 1 
J. J. Stuvm, 


Instrumental Errors—C. L. Luke, presented 
from manuscript by the author. 

The Chemistry in Colorimetry—M. G. Mellon, 
presented from manuscript by the author. 
Bibliography of Photoelectric Spectrophoto- 
metric Methods of Analysis for Inorganic 
Ions—J. W. Stillman, presented from manu- 

script by the author. 

Methods for Aluminum Base Alloys—J. J. 
Stumm, presented by the author. 

Methods for Magnesium Base Alloys—V. A. 
Stenger, presented by the author. 

Methods for Other Non-Ferrous Alloys—C. 
Zischkau, presented by the author, who called 
upon the following individuals to describe 
applications of the methods to specific non- 


F. M. Barry—Colorimetric Determination 
of Manganese in Copper Alloys. 
R. P. Nevers—Phosphorus in Copper Base 
Alloys 
O. P. Case—Silicon in Copper Base Alloys 
Methods for Ferrous Alloys—Arba Thomas, 
presented from manuscript by the author, 
who called upon the following individuals to 
describe applications of the methods to spe- 
cific ferrous alloys: 
M. G. Mellon—Phosphorus in Alloy Steels 
FE. R. Vance—Molybdenum in Alloy Steels 
W. J. Boyer—Colorimetric Methods for the 
Determination of Phosnhorus, Mangan- 
ese, Molybdenum and Titanium in Stain- 


ferrous alloys: less steels 
EIGHTH SESSION—PAINT, PAPER, SOAPS, TEXTILES 
bs 
WEDNESDAY, JUNE 28, 1:30 p.m. 
Session Co-CuarrMeEN: Past-Prestvent H. J. BALL; E. W. 
‘Ba 


Committee D-13 on Textile Materials: 


Report presented by W. H. Whitcomb, secre- 
tary, and the following actions taken: 


Accepted as Tentative, Revisions in: 


Testing and Tolerances for Glass Yarn (D 578 
- 40 T) 

Def. of Terms Relating to Textile Materials (D 
123 - 43 T) 

Testing and Tolerances for Tire Cord, Woven 
and on Cones (D 179 - 42) 

Testing Wool Felt (D 461-40), with an edi- 
torial correction changing 20 N sodium hy- 
droxide to read 0.05 N sodium hydroxide in 
the revised Section 18 (c) and (d), 

Spec. for Textile Testing Machines (D 76 ~ 42) 


Adopted as Standard: 


Testing and Tolerances for Woven Tapes (D | 
259 - 42 T) 
Testing and Tolerances for Certain Wool and : 
Part Wool Fabrics (D 462 - 42 T) 
Test for Commercial Weight of Rayon Staple © 
(D 540 - 43 T) 7 
Testing Asbestos Tubular Sleeving (D628- — 
41 T) 
Testing and Tolerances for Certain Fine Staple 
Cotton Gray Goods (D 679 - 42 T) i" 
Testing and Tolerances for Certain All-Cotton 
and Cotton-and-Rayon Fine Fancy Goods 
(D 680 - 42 T) 
Def. of Terms Relating to Textile Materials (D 
123 - 43 T) 


| 
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_ Adopted as Standard, Revisions in: 


Def. of Terms Relating to Textile Materials (D 
123 - 42) 

Testing and Tolerances for Cotton Yarns (D 
180 - 42) 

Testing and Tolerances for Continuous Filament 
Rayon Yarns (D 258 - 42) 

Testing and Tolerances for Woolen Yarns (D 
403 — 38) 

Testing and Tolerances for Worsted Yarns (D 
404 — 38) 

Test for Fineness of Wool (D 419 —- 37) 

Testing and Tolerances for Woven Glass Fabrics 
(D 579 - 43) 

Testing and Tolerances for Woven Glass Tapes 
(D 580 - 43) 

Testing and Tolerances for Woven Glass Tubular 
Sleeving and Braids (D 581 - 43) 

Spec. for Tolerances for Numbered Cotton Duck 
(D 230 - 27) 

Spec. and Test for Asbestos Roving for Electrical 
Purposes (D 375 - 42) 

Testing and Tolerances for Spun Rayon Yarns 
and Threads (D 507 - 42) 

Testing Wool Felt (D 461 - 40) 

Spec. and Test for Asbestos Tape for Electrical 
Purposes (D 315 - 41) 


Reaffirmation of Standards: 


Spec. and Test for Tire Fabrics Other than Cord 
Fabrics (D 122 - 37) 

Spec. for 0.007 in. Cotton Tape for Electrical 
Purposes (D 335 - 36) 

Spec. and Test for Holland Cloth (D 376 — 35) 
Testing and Tolerances for Certain Light and 
Medium Weight Cotton Fabrics (D 274 - 36) 
Determining Relative Humidity (D 337 —- 34) 
Test for Colorimetric Determinatisn of Small 
Amounts of Copper and Manganese in Tex- 

tiles (D 377 - 37) 

Test for Strength of Rayon Woven Fabric When 
Wet (D 415 - 38) 

Test for Colorfastness of Dyed or Printed Wool, 
Silk, or Rayon Fabric to Laundering or 
Domestic Washing (D 436 - 37) 

Test for Shrinkage in Laundering of Woven 
Cotton Cloth (D 437 - 36) 


Committee D-12 on Soaps and Other Deter- 
gents: 


Report presented by H. P. Trevithick, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Spec. for Liquid Toilet Soap, with an editorial 
correction changing “alkali” in Section 2 to 
read “alcohol” 

Chemical Analysis of Industrial Metal Cleaning 
Compositions 


Accepted as Tentative, Revisions in: 


Spec. for Tetrasodium Pyrophosphate (Anhy- 
drous) (D 595 - 42 T) 

Def. of Terms Relating to Soaps and Other 
Detergents (D 459 - 43 T) 

Sampling and Chemical Analysis of Special 
Detergents (D 501 - 43) 


Adopted as Standard: 


Spec. for Built Soap, Powdered (Type D) (D 
533 - 42 T) 

Spec. for Trisodium Phosphate (D 538 - 43 T) 

Spec. for Compound Chip Soap (with Rosin) 
(D 690 - 42 T) 

Spec. for Compound Powdered Soap (Granu- 
lated, with Rosin) (D 691 - 42 T) 


Adotted as Standard, Revisions in: 


Sampling and Chemical Analysis of Soaps and 
Soap Products (D 460 - 42) 


Committee D-17 on Naval Stores: 


Report presented by V. E. Grotlisch, chair- 
man, and the following actions taken: "a 


Accepted as Tentative: 


Sampling and Testing Dipentene,™ with edi- 
torial changes 
Sampling and Testing Pine Oil," with editorial 
changes 
Testing Tall Oil,"* with editorial changes 
Definitions of Terms Relating to Tall Oil'* 


Accepted as Tentative, Revision in: 
Sampling and Grading Rosin (D 509 - 38 T) 


Accepted for Publication as Information Only: 


Test for Unsaponifiable Matter‘in Rosin, with | 
editorial changes 


Committee D-6 on Paper 


and Paper 
Products: 


Report presented by G. H. Harnden, secre- — 
tary, and the following actions taken: 


$ 


13 These three methods and the definitions, which ™~ onal 
appeared in the preprinted report as information, were 
accepted by unanirrous consent, subiect to favorab!e 
letter ballot of Committee D-17, which ballot has been 
favorable and the results are given in the report of the 
committee, see p. 492. 


Accepted as Tentative: 


Test for Adhesiveness of Gummed Tape, with a 
change in the table in Section 4 (a) in the re- 
quirement for smoothness “both sides” will 
be revised to read “each side” 

Test for Bursting Strength of Paper 


~ 
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Drop Test for Shipping Containers, with a 
revision in Section 1 (6) changing ‘100 |b.” 
to read “120 Ib.” 

Test for Effect of Heating on the Folding En- 
durance of Paper, changing “alternatively” 
to read “alternately” in Section 4 (6) 

Test for Flammability of Treated Paper and 
Paperboard 

Test for Hydrogen Ion Concentration (pH), 
changing “1 pH” to read “0.1 pH” in Sec- 
tion 8 

Test for Time of Penetration by Water of Sized 
Paper and Paper Products (Dry Indicator 
Method), changing “beeswax” to read “wax” 
in two places in Fig. 3 

Test for Printing Ink Permeation of Paper 
(Castor Oil Test) 

Puncture and Stiffness Testing of Paperboard, 
Corrugated and Solid Fiberboard 

Testing Containers in the Small Revolving 
Hexagonal Drum-Box Testing Machine 

Test for Water Vapor Permeability of Paper and 
Paperboard 


Adopted as Standard: 


Test for Opacity of Paper and Paper Products 
(D 589-40 T), with an editorial change in 
Section 2 (c) omitting the words “illumina- 
tion and ” in the second sentence 

Test for Moisture in Paper, Paperboard, and 
Paperboard and Fiberboard Containers (D 
644 — 42 T) 

Test for Basis Weight of Paper and Paper 
Products (D 646 - 42 T) 

Conditioning Paper and Paper Products for 
Testing (D 685 - 42 T) 

Quantitative Determination of Coating on 
Mineral-Coated Paper (D 687 — 42 T) 

Test for Pentosans in Paper (D 688 — 42 T) 

Test for Internal Tearing Resistance of Paper 
(D 689 — 42 T) 


Committee D-16 on Industrial Aromatic 
Hydrocarbons: 


Report presented by J. M. Weiss, chairman. 


Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products: 


Report presented by H. E. Smith, chairman, 
and the following actions taken: 
Accepted as Tentative: 


Spec. for Raw Umber 
Spec. for Burnt Umber 


Spec. for Raw Sienna >> 


Spec. for Burnt Sienna he 


Spec. for Venetian Red 7 


Spec. for Yellow Iron Oxide Hydrated 

Spec. for Black Synthetic Iron Oxide 

Spec. for Isopropyl Alcohol 

Test for Daylight 45 Degree, 0 Degree Appar- 
ent Reflectance of Paint Finishes 

Test for Water in Lacquer, Solvents, and Dilu- 
ents 

Evaluating the Degree of Resistance to Flaking 
(Scaling) of Exterior Paints of the Linseed-Oil 
Type 


Accepted as Tentative, Revisions in: ~ 


Def. of Terms Relating to Paint, Varnish, Lac- 
quer, and Related Products (D 16-42 T) 
Test for Specular Gloss of Paint Finishes (D 

523 - 41 T) 


Adopted as Standard: 


Spec. for Basic Sulfate White Lead (D 82 - 42 
T), as revised 

Spec. for Isopropyl Acetate (D 657 — 42 T) 

Sampling and Testing Aluminum Powder and 
Paste (D 480 - 42 T) 

Test for Consistency of Exterior House Paints 
and Enamel-Type Paints (D 562 — 42 T) 

Evaluating Degree of Resistance to Chalking of 
Exterior Paints of the Linseed-Oil Type (D 
659 — 42 T) 

Evaluating Degree of Resistance to Checking of 
Exterior Paints of the Linseed-Oil Type (D 
660 — 42 T) 

Evaluating Degree of Resistance to Cracking of 


Exterior Paints of the Linseed-Oil Type (D _ 


661 — 42 T) 

Evaluating Degree of Resistance to Erosion of 
Exterior Paints of the Linseed-Oil Type (D 
662 — 42 T) 

Test for Abrasion Resistance of Organic Coatings 
with Air Blast Abrasion Tester (D 658—- 
42 T) 


Test for Spectral Characteristics and Color of © 


Objects and Materials (D 307 — 42 T), as re- 
vised 


Adopted as Standard, Revisions in: -4 
Spec. for Zinc Oxide (D 79 - 41) 


Chemical Analysis of Dry Red Lead (D 49-37) 


Sampling and Testing Lacquer Solvents and 
Diluents (D 268 — 42) 

Spec. for Wood to be Used as Panels in Weather 
Tests of Paints and Varnishes (D 358 — 38), 
with the addition of the following as a foot- 
note to the revised Section 1: “These limita- 
tions do not apply to panels made of clap- 
board or siding of commercial types which 
shall be used as regularly marketed.” 
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Papers: 


Factors Influencing the Breaking Strength of 
Army and Navy Fabrics—Werner von Bergen, 
John C. Hintermaier, and Eric Ullman, pre- 
sented from manuscript by Mr. von Bergen. 
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Camouflage Type Finishes by Accelerated 
Weathering—J. W. Iliff and L. B. Darrall, 
presented from manuscript by Mr. Iliff. 

The Interpretation of Visual Rusting Standards 
—W. F. Singleton, presented from manu- 
script by the author. — 
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NINTH SESSION—MARBURG LECTURE 


. WEDNESDAY, JUNE 28, 4:30 P.M. 


SESSION CHAIRMAN: PRESIDENT DEAN HARVEY 


In introducing the Nineteenth Edgar 
Marburg Lecturer, President Harvey 
stated that the lecture has been an 
institution of the Society for many years. 
Its purpose has been to have described 
at the annual meeting by leaders in their 
respective fields outstanding develop- 
ments in the promotion of knowledge of 
engineering materials. The lecture had 
also been established to honor and per- 
petuate the memory of Edgar Marburg, 
the first Secretary-Treasurer of the 
Society. 

He then presented Mr. Harold DeWitt 
Smith, The A. M. Tenney Associates, 
Inc., who had selected as the subject of 
his lecture “Textile Fibers—An En- 
gineering Approach to an Understanding 


of Their Properties and Utilization.” 
In his lecture Mr. Smith described the 
various textile fibers and the mechanical 
behavior of them as tiny microscopic 
beams. In his talk he developed a 
framework for a systematic engineering 
approach to a more complete under- 
standing of textile fibers as structural 
materials, and discussed the new philos- 
ophy of textiles which has been created 
by the advent of manufactured fibers. 

President Harvey, in expressing ap- 
preciation to Mr. Smith for an excellent 
presentation by one of its members on a 
subject of special interest to the 
A.S.T.M., presented to him on behalf of 
the Society, the Edgar Marburg Lecture 
Certificate. 


TENTH SESSION—ADDRESSES: PRESIDENT HARVEY, AND DR. CHARLES K. LEITH 
WEDNESDAY, JUNE 28, 8:15 P.M. 


SESSION CHAIRMAN: PAST-PRESIDENT F. M. FARMER 


Committee E-10 on Standards: 


This report, presented by H. S. Vassar, 
chairman, recorded the large numher of 
recommendations accepted during the 
year by Committee E-10 on behalf of 
the Society. It also discussed the activ- 
ities of the committee in the promotion 
and expansion of A.S.T.M. standardiza- 
tion activities, and announced the or- 
ganization during the year of three new 
committees on industrial aromatic hy- 
drocarbons, metal powders and metal 
powdcr products, and adhesives. 


Committee E-9 on Research: <a 
In presenting this report, not pre- 
printed, G. F. Jenks, chairman, stated that 
although, due to the war, very few new 
research programs had been undertaken 
during the year, a number of the commit- 
tees had furthered their research. He 
referred particularly to a number of 
research projects on which further in- 
spection data and information was being 
reported to the Society by the standing 
committees at this annual meeting. 


| 
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This repori, presented by Secretary 
Treasurer C. L. Warwick, discussed 
the war activities of the Society and its 
growth in membership as well as the 
number of additional activities under- 
taken during the past year. The report 
also summarized general Society work 
including membership, publications, fi- 
nances, administrative matters, and co- 
operative relationships with other 


engineering societies. 7 
Election of Officers: qr 
The chairman then recognized T. G. 
Stitt, chairman of the Committee of 
Tellers, who reported results of the 
letter ballot on election of officers. Of 
the 1771 ballots cast, the results were 
as follows: 
For President, to serve for one year: 
P. H. Bates, 1770 votes. in 
For Vice-President, to serve for two years: 
A. W. Carpenter, 1771 votes. 
Fos members of the Executive Committee, 
to serve for two years: 
W. C. Hanna, 1771 votes. 
L. B. Jones, 1771 votes. 


J. T. MacKenzie, 1771 votes. 
Sam Tour, 1771 votes. os 


Executive Committee: 


The chairman then introduced the 


newly elected members of the Executive 
Committee, requesting that they rise 
as their names were called. 

At the request of the chairman, Past- 
Presidents H. S. Vassar and H. J. Ball 
escorted to the chair the Vice-President- 
Elect, A. W. Carpenter, who expressed 
appreciation for the honor conferred on 
him and the opportunity given by his 
election for further service to the So- 
ciety. Mr. Carpenter stated that he 
was fully conscious of the responsibilities 
of the office, but that he was prepared 
to perform the duties assigned to him 
to the best of his ability. 

The chairman then requested Past- 
Presidents A. C. Fieldner and W. M. 


SUMMARY OF PROCEEDINGS 


Barr to escort to the chair the President- 
Elect, P. H. Bates, who spokeas follows 
in acknowledging the honor of his 
election: 


Members and Guests of the A.S.T.M.: Just 
as there was nothing novel in the election of the 
officers, there will be nothing novel in my accept- 
ance speech. 

I find there have been so many officers elected 
to so many societies that there is no possibility 
of anyone in the future ever giving expression 
to his feelings in any new or novel way, and I 
can only do as has been often done before, say, 
I thank you and I hope to do the best I can and 
I appreciate the honor. But I assure you that 
I feel considerably more than that, although it 
cannot be expressed. 

The Society, as has been pointed out, has had 
a remarkable growth and expansion in the last 
couple of years. The conditions of the past 
few years have been such that the efforts of the 
officers and the members and the Headquarters 
staff have developed such a large group of stand- 
ards and have given them such a standing that 
commerce and industry, with its rapid expansion, 
found the need of a great variety of standards. 
As a consequence, they did count and do count 
upon the output of the Society, that is, its stand- 
ards, and show their interest in the Saiety 
through membership, to this remarkable extent. 
I am certain that that is going to continue 
through the coming year, despite any inade- 
quacies of the President you have elected. The 
effort which the members and all concerned 
have made for the life of this Society has been 
such that I am certain it is going to carry on, 
without any question, at the rate which it has 
attained. I thank. you very much! 


Recognition of Twenty-fifth Anniversary of 
Secretary-Treasurer and Assistant 
Treasurer: 


Upon being recognized by the chair- 
man, President Harvey, as a surprise 
feature, on behalf of the Society made 
appropriate recognition of a milestone 
reached by two of its officers, Secretary- 
Treasurer C. L. Warwick, and Assistant 
Treasurer J. K. Rittenhouse, upon 
completion of twenty-five years of service 
as officers of the Society. Testimonials 
and tokens of esteem were presented to 
each. 
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In responding Mr. Warwick expressed 
appreciation of this fine personal tribute. 
He said that he felt quite inexperienced 
when first elected to the office twenty- 
five years ago, but wished to acknowledge 
his good fortune in studying and working 
closely under Edgar Marburg, the first 
Secretary-Treasurer, and to several Past 
Presidents of the Society who had 
guided him and been an inspiration in 
his work. He also paid tribute to the 


‘members of the Headquarters staff and 


said that he wished to share the honor 
with them. 
Presidential Address: 

The chairman then presented the 
President, Dean Harvey, who delivered 
the annual presidential address entitled 
“The Art of Being a Materials En- 
gineer.””!4 
Address by Charles K. Leith: 

The chairman then introduced Dr. 
Charles K. Leith, Mineral Consultant, 
War Production Board, who presented 
an address entitled ‘Minerals in War 
and Peace.’’® 


Award of Honorary Memberships: 

For the award of honorary member- 
ships, the chairman called upon Past- 
President G. E. F. Lundell to present 
M. E. McDonnell; on Past-President 
H. H. Morgan to present R. P. 


Miller; and on Past-President T. G. 
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Delbridge to present Dr. Hermann von 
Schrenk. Following each presentation, 
President Harvey made the award of 


honorary membership. 


The chairman announced that in 
accordance with action taken by the 
Executive Committee, certificates were 
being awarded this year to eight indi- 
viduals and five companies who had 
attained 40 years of membership in the 
Society. Presentation of the certificates 
was then made by the Secretary-Treas- 
urer to the following: 


Recognition of Forty-Year Members: 


W. F. Angus, President, Dominion Bridge Co., 
Ltd. 

Robert A. Cummings, Consulting Civil Engineer, 
Pittsburgh, Pa. 

William R. Dunn, Denville, N. J. 

C. S. Reeve, Technical Adviser, The Barrett 
Div., Allied Chemical and Dye Corp. 

Alfred E. Roberts, Partner, Bull & Roberts, 
Consulting Chemists 

Herbert L. Sherman, Treasurer, 
Sherman, Inc. 

Frank N. Speller, 
Pittsburgh, Pa. 

Sanford E. Thompson, President, The Thomp- 
son & Lichtner Co., Inc. 

Dominion Bridge Company, Ltd., Montreal, 
Canada 

Froehling & Robertson, Inc., Richmond, Va. ” 

Illinois Central Railroad Co., Paducah, Ky. 

Tufts College Engineering School, Tufts Col- 
lege, Mass. 

Westinghouse Electric and Mfg. Co., 
Pittsburgh, Pa. 


Skinner & 


Metallurgical Consultant, 


East 


Committee A-1 on Steel: 


Report presented by N. L. Mochel, chair- 


man, and the following actions taken: ed 


Accepted as Tentative, Revisions in: 


Spec. for Light Gage Structural Quality Flat 


14 See p. 3 


6 Published in the ASTM Buttettn, No. 129, August, 


1944, p. 18, 


ELEVENTH SESSION—STEEL, CGRROSION OF IRON AND STEEL 
7 
THURSDAY, 29, 9:30 A.M. 


as 
SESSION CHAIRMAN: J. S. VANICK 


Hot-Rolled Carbon Steel (0.2499 and 0.1874 
in. to 0.0478 in. in Thickness) (A 245- 
42 T) 

Spec. for Light Gage Structural Quality Flat 
Rolled Carbon Steel (0.0477 to 0.0225 in. 
in Thickness) (A 246-42 T) 

Spec. for Alloy-Steel Bolting Materials for 
High-Temperature Service from 750 to 1100 
F., Metal Temperatures (A 193-40T) and 

Spec. for Heat- Treated _ Carbon- Steel oe 
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Material (A 261-43 T), with the following 
changes in the revisions as preprinted: 
Section 12 (b).—Reference to the A.LS.I. 
Manual is to be deleted and the table of per- 
missible variations inserted 
Section 12 (c).—Delete the last sentence. 

Spec. for Seamless Carbon-Molybdenum Alloy- 
Steel Pipe for Service at Temperatures from 
750 to 1000 F (A 206-42 T) 

Spec. for Lap-Welded and Seamless Steel Pipe 
for High-Temperature Service (A 106 — 42 T), 
with the following additional change:"* 

Section 14.—Add a new Paragraph (c) to 
read as follows: “(c) If definite lengths are 

‘not required, pipe may be ordered in single 
random lengths of 16 to 22 ft. with 5 per cent 

12 to 16 ft., or in double random lengths with 

a minimum average of 35 ft. and a minimum 

length of 22 ft. with 5 per cent 16 to 22 ft.” 

Spec. for Seamless Alloy-Steel Pipe for Service 
at Temperatures from 750 to 1100 F. (A 158 - 

_ 42 T), with the following changes:'* 

Table I——Change the manganese content 
of Grade P 8b from the present “3.0” to read 
“2.0” per cent; minimum percentage of 
titanium when added, tobe “five times the 
_carbon content with a maximum of 0.60 per 
cent”; and the minimum percentage of co- 
lumbium, when added, to be “ten times 
carbon content with a maximum of 1.0per 
_ cent,” 

Also, change the composition of grade P 8a 
as follows: Increase the carbon content from 
the present “0.07” to “0.08 per cent max.”; 
chromium content range from “17.00 to 

20.00” to “18.00 to 20.00 per cent.” 

Spec. for Carbon-Steel Castings Suitable for 
Fusion Welding for Service at Temperatures 
up to 850 F. (A 216-42 T), and, 

Spec. for Alloy-Steel Castings Suitable for 

Fusion Welding for Service at Temperatures 

from 750 to 1100 F. (A 217 ~ 42 T), with the 

following changes:"® 

New Section.—Insert a new section to read 
as follows: “If specified in the inquiry, con- 
tract or order, and when mutually agreed 
upon by the manufacturer and the purchaser, 
castings to these specifications may be subject 
to magnetic particle testing and inspection. 
When so specified the magnetic particle in- 
spection shall be in accordance with Tenta- 
tive Test Method A...., of the American 
Society for Testing Materials.” 

This action is to be taken concurrently with 
the approval of the proposed new tentative 


16 These recommendations not preprinted, were ac- 
ey by unanimous consent, subject to favorable letter 
lot of Committee A-1, which ballot has been favorable 
and the results are given in the report of the committee, 
see p. 66. 
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methods for magnetic particle inspection and | 
testing of steel castings, now being submitted ; 
to letter ballot of Committee A-1 
Spec. for Alloy-Steel Forgings for General In- 
dustrial Use (A 237 - 42) 
Spec. for Carbon-Steel and Alloy-Steel Ring 
and Disk Forgings (A 243 - 43) 


Adopted as Standard: 


Spec. for Welded Alloyed Open-Hearth Iron 
Pipe (A 253 —- 42 T),’® as revised, in accord- — 
ance with the preprinted report. (Note.— 
See note on Marking Clauses, below) 

Spec. for Copper-Brazed Steel Tubing (A 254- _ 
42 

Spec. for Welded and Seamless Steel Pipe Piles 
(A 252-42 T), with the following changes: _ 

Section 9 (a).—Change from its present — 
form to read as follows: 

9. (a) Unless otherwise agreed upon between the 
manufacturer and the purchaser, material shall 
ordered in single or pl lengths, and shall be fur- 


nished in accordance with the following regular practice: 
Single random lengths. . 16 to 25 ft., incl. 


Double random lengths.... over 25 ft. with a mini- oa 
mum average of 35 ft. 

Section 10.—Change the last sentence of 
this section by the addition of the italicized 
words and figures: “Plain end material for 
welding, unless otherwise specified, shall be 
beveled to an angle of 30 deg., with a tolerance — ; 
of plus 5 deg., minus O deg., with a width of 
flat at the end of the pipe 7g + 7; in.” ; 

Spec. for Manganese-Vanadium Steel Plates for 

Boilers and Other Pressure Vessels (A 225- _ 
39 T), with the following additional change:'® 

Section 14 (a).—Before the last sentence of : ' 
this paragraph insert a new sentence to read 
as follows: “Plates, the maximum lengthwise _ 
and crosswise dimensions of which do not — 
exceed 48 in., shall have the marking stamped _ 
in one place ‘approximately midway between — 
the center and an edge.” —~*k 


Adopted as Standard Revisions in: 


Spec. for Carbon-Steel Castings for Miscella- 
neous Industrial Uses (A 27 ~ 42) 

Spec. for Carbon-Steel and. Alloy-Steel Castings 
for Railroads (A &7 — 42) 

Spec. for Carbon-Steel Castings for Valves, 
Flanges, and Fittings for High-Temperature 
Service (A 95 - 41) 

Spec. for Alloy-Steel Castings for Structural 
Purposes (A 148 — 42) 


Spec. for Alloy-Steel Castings for Valves, 


Flanges, and Fittings for Service at Tempera- 
tures from 750 to 1100 F. (A 157 — 42) 

Spec. for Carban-Steel Castings Suitable for 
Fusion Welding for Miscellaneous Industrial 
Uses (A 215 - 41) 
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. In the above six standard specifications add a 


new section as shown above in Tentative Spec- 
ifications A 216 and A 217 referring to the pro- 
posed new methods of magnetic particle testing 
and inspection of castings, this action to be 
concurrent with the approval of the new 
methods."* 

Spec. for Carbon-Steel Bars for Springs (A 14 - 
42) 

Spec. for Boiler and Firebox Steel for Locomo- 
tives (A 30-42) 

Spec. for Multiple-Wear Wrought Steel Wheels 
(A 57 — 39) 

Spec. for Carbon-Steel Bars for Springs, with 
Special Silicon Requirements (A 68 — 39) 

Spec. for Carbon-Steel Plates for Stationary 
Boilers and Other Pressure Vessels (A 70 — 42) 

Spec. for Carbon-Silicon Plates of Ordinary 
Tensile Ranges for Fusion-Welded Boilers 
and Other Pressure Vessels (A 201 — 43) 

Spec. for Chrome-Manganese-Silicon (CMS) 
Alloy-Steel Plates for Boilers and Other 
Pressure Vessels (A 202 — 39) 

Spec. for Low-Carbon Nickel-Steel Plates for 
Boilers and Other Pressure Vessels (A 203 - 
42) 

Spec. for Molybdenum-Steel Plates for Boilers 
and Other Pressure Vessels (A 204 — 42) 

Spec. for High Tensile Strength Carbon-Silicon 
Steel Plates for Boilers and Other Pressure 
Vessels (Plates 44 in. and Under in Thickness) 
(A 212 — 39) 

Spec. for Heat-Treated Wrought Steel Wheels 
(A 244 — 42) 

Spec. for Alloy-Steel Bolting Material for High- 
Temperature Service (A 96 — 39) 

Section 14.—Make the same additional 
changes in this section as recommended above 
in Section 12 of Specifications A 193. 

Spec. for Welded and Seamless Steel Pipe (A 53 - 
42),) with the following additional change:"* 

Section 14 (a).—In the first sentence change 
“random lengths” to “single random lengths.” 

New Paragraph (c)—Add a new Para- 
graph (c) to read as follows: “(c) When 
standard weight or extra strong pipe is or- 
dered in double random lengths, the minimum 
length shall be not less than 22 ft., with a 
minimum average for the order of 35 ft.” 
(Note.—See note on Marking Clauses, below) 

Spec. for Black and Hot-Dipped Zinc-Coated 
(Galvanized) Welded and Seamless Steel 
Pipe for Ordinary Uses (A 120-42), with 
the following additional change: 

Section 12 (a)—Make the same change as 
recommended above in Section 14 (a) of 
Specifications A 53, and add a new Paragraph 
(c) to read the same as A 53. 

(Note.—See note on Marking Clauses, below) 
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Spec. for Seamless Low-Carbon and Carbon- 
Molybdenum Steel Still Tubes for Refinery 
Service (A 161 — 40) 

Spec. for Seamless Cold-Drawn Intermediate 
Alloy-Steel Heat-Exchanger and Condenser 
Tubes (A 199 — 40) ' 

Spec. for Seamless Intermediate Alloy-Steel 
Still Tubes for Refinery Service (A 200 - 40) 

Spec. for Seamless Carbon-Molybdenum Alloy- 
Steel Boiler and Superheater Tubes (A 209 - 
42) 

Spec. for Medium-Carbon Seamless Steel Boiler 
and Superheater Tubes (A 210-40) 
(Note.—See note on Marking Clauses, below) 

In each of the above five specifications, the 
revisions permit reduction from the basic 


TABLE I, 
Values of 
Decrease in for Flat. 
Spec. No. and Grade | Thickness Below 
Basic Minimum, 
per cent 
A 161 
1.75 0.09 
Carbon Molybdenum..... 1.50 0.08 
A199 
(All Grades)............. 1.50 0.08 
A 200 
(All Grades)... 1.50 0.08 
A2 
Carbon 
All Grades. . 1.50 0.08 
A 210 
A 213 
1.50 0.08 
1.75 0.09 
A 135 . 
5.75 


minimum elongation in 2 in. of a specified 
percentage for each #; in. decrease in wall 
thickness below ;‘; in. Also in each spec- 
ification a formula for calculating the distance 
between the plates in the flattening test is 
being inserted. In the accompanying Table 
I values for the permissible elongation deduc- 
tion are given and also values for the constant 
“e” part of the flattening test formula. The 
following example shows the new flattening 
test section for Standard Specifications A 161. 
The other specifications will have the same 
wording except for the values of “e”’ shown in 
the accompanying Table I.’ 


A section of the tube, not less than 24 in. in length, 
shall be flattened cold between parallel plates until the 
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opposite walls of the tube meet. No cracks or breaks 
in the metal shall occur until the distance between the 

lates is less than the calculated value of ‘“‘H”’ by the 
ollowing formula: 


= 


where: 


H = distance between flattening pilates in inches, 

t = nominal wall thickness of tube in inches, 

D = actual outside diameter of tube in inches, and 

e = deformation per unit length (constant for a given 
grade of steel), 0.09 for low carbon grade and 
0.08 for the carbon-molybdenum grade. 

Evidence of laminations or burnt material shall not 

develop during the entire flattening process. 


Spec. for Seamless Cold-Drawn Low-Carbon 
Steel Heat-Exchanger and Condenser Tubes 
(A 179 - 42) 

Spec. for Seamless Steel Boiler Tubes for High- 
Pressure Service (A 192 - 40) 


ig 


Make the same changes as recommended 
above-in the five tubing specifications in- 
volving the flattening test formula, with 


PROCEEDINGS 


in the respective grades will be submitted to 
the Society through Committee E-10 on Stan- 
dards. 


Marking Clause in Pipe znd Tubing Spec- 
ifications—The respective marking clauses in 
each of these pipe and tubing specifications 
listed below are to be changed," first, so that the 
hydrostatic test pressure, if formerly required 
to be marked, shall be deleted from the required 
markings, and second, the required marking 
shall include the symbols “A.S.T.M.” and the 
specification serial designation, for example, 
“A.S.T.M. A 53,” or “A.S.T.M. A 206.” This 
recommendation will provide for the deletion 
of the word “specification” if now required. 
The designations of the specifications affected 
are as follows: A 53-42, A 83-42, A 120-42, 
A 161-40, A 178 — 40, A 179 - 42, A 192 - 40, 


values for “e” in each specification of “0.09.” A 199-40, A 200-40, A 209-42, A 210-40, 
Spec. for Electric-Resistance-Welded Steel Pipe A 211-40, A 213-42, A 214-42, A 226-40, 
(A 135 — 42) A 249 — 42, A 250-43, A 253 - 42 T. 
TABLE II. 
Grade...... T8orP8 T 18 T 19 T 20 T 24 
_ Carbon, max., per cent.......... 0.08 0.08 0.08 0.08 0.08 
Manganese, max., per cent... 2.00 2.00 2.00 2.00 2.00 
Phosphorus, max., per cent.... 0.03 0.03 0.03 0.03 0.03 
Sulfur max., per cent........... 0.03 0.03 0.03 0.03 0.03 
Silicon, max., per cent......... 0.75 0.75 0.75 0.75 0.75 
SD OE ea 8.00 to 11.00 9.00 to 13.00 9.00 to 13.00 | 11.00 to 14.00 | 11.00 to 14.00 
7 Chromium, per cent............. 18.00 to 20.00 | 17.00 to 20.00 | 17.00 to 20.00 | 16.00 to 18.00 | 18.00 to 20.00 
Molybdenum, per cent......... 2.00 to 3.00 3.00 to 4.00 
> ’ Grade T 18 shall have a titanium content of not less than five times the carbon content and not more than 0.60 per 
‘ent. 
i © Grade T 19 shall have a columbium content of not less than ten times the carbon content and not more than 1.0u 
7 per cent. 


Make the same change involving reduction 
in elongation as recommended above in the five 
tubing specifications, with percentage for grade 
A of 1.75 and for grade B of 1.50. In addition 
change the basic minimum elongation in 2 in. 
from the present values of 30 and 25 per cent, 
min., respectively, for grades A and B to read 
“35” and “30” per cent, respectively.’ 

Spec. for Seamless Alloy-Steel Boiler and Super- 
heater Tubes (A 213 - 42) 

(See Table I for changes in elongation and 
flattening test requirements.) 

Spec. for Atomic-Hydrogen-Arc Welded and 
Electric-Resistance-Welded Alloy-Steel Boiler 
and Superheater Tubes (A 249 - 42) 

Change Table I, Chemical Requirements, in 
each of the above two specifications in accord- 
ance with the accompanying Table If. In 
connection with this recommendation it should 
be noted that Emergency Alternate Provisions 


Spec. for Factory-Made Wrought Carbon-Steel 
and Carbon-Molybdenum-Steel Welding Fit- 
tings (A 234-42), with the following 
changes:'* 

Section 3 (a).—Delete the words “forge 
welding” which appear in the first sentence. 

Section 6 (d).—Delete the present Para- 
graph (d) and reletter the subsequent para- 
graphs accordingly. 

Spec. for Forged or Rolled Alloy-Steel Pipe 
Flanges, Forged Fittings, and Valves and 
Parts for Service at Temperatures from 750 
to 1100 F. (A 182-40), with the following 
changes:!* 

Table I.—Change grade F 8 from its present 
form to read as shown in the accompanying 
Table III, and add three new grades, asshown. 

Section 10.—Change from its present form 
to read as follows: 
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10. Valve bodies or fittings and other pressure-con- 
taining parts shall be tested after machining to the 
hydrostatic pressure prescribed in the table below, and 
shall show no leaks. No hydrostatic test is required 
for welding neck or other flanges. 


‘Withcrawal of Standards: 


Srec. for Carbon-Steel and Alloy-Steel 
Blooms, Billets, and Slabs for Forgings (A 17 
29) 

Spec. for Forge-Welded Steel Pipe (A 136 — 34) 


TABLE III. 


F8 | F&m| F 8c | F 8t 


Carbon, max., per cent...| 0.08 | 0.08 | 0.08 0.08 
Manganese, max., per 


Phosphorus, max., per 
0.035 | 0.035 | 0.035 | 0.035 


Sulfur, max., per cent... .| 0.030 | 0.030 | 0.030 | 0.030 
Silicon, max.. per cent....| 0 85 
Chromium, min., percent./18.00 [17.00 |17.00 /|17.00 
Nickel, min., per cent....| 8.00 

Molybdenum, min., per | 


4 Grade F 8c shall have a columbium content of not 
tess than ten times the carbon content and not more 
than 1.00 per cent. 

© Grade F 8t shall have a titanium content of not less 
than five times the carbon content and not more than 0.60 
percent. - 

Spec.’ for Riveted Steel and Wrought-Iron 


Pipe (A 138 - 34) 
Reaffirmation of Standards: 


Spec. for Steel for Bridges and Buildings 
(A 7-42) 

Spec. for Structural Nickel Steel (A 8 — 39) 

Spec. for Mild Steel Plates (A 10 — 39) 

Spec. for Structural Silicon Steel (A 94 - 39) 

Spec. for Structural Rivet Steel (A 141 — 39) 

Spec. for One-Wear and Two-Wear Wrought 
Steel Wheels (A 186 — 39) 

Spec. for Steel Tires (A 26-39) 


It was announced that the committee had 
withdrawn the recommendation appearing in 
the preprinted report for the immediate adoption 
of revisions in the Standard Specifications for 
Steel Music Spring Wire (A 228 - 41). 


Joint A.W.S.-A.S.T.M. Committee on Filler 
Metal: 
Report presented, in the absence of the chair- 
man, by title. — 
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Committee A-10 on Iron-Chromium, Iron- 
Chromium-Nickel, and Related Alloys: 


Report presented by Jerome Strauss, chair- 


Primary and the following actions taken: 
— erate Accepted as Tentative: 
st rod — Spec. for Chromium-Nickel-Iron Alloy Castings 
900 (25-12 Class) for High-Temperature Service 
400 submitted jointly with Committee B-4. 
7200 Spec. for Corrosion-Resisting Chromium Steel 


Clad Plate, Sheet, and Strip (A 263 - 43 T) 

Spec. for Corrosion-Resisting Chromium-Nickel 
Steel Clad Plate, Sheet and Strip (A 264 - 
43 T) 


Adopted as Standard, Revisions in: 


Spec. for Corrosion-Resisting Chromium and 
Chromium-Nickel Steel Plate, Sheet, and Strip 
for Fusion-Welded Unfired Pressure Vessels 
(A 240 - 43),!” with a change in the descrip- 
tion of No. 1 Finish in Section 17, revising it 
to read as follows: 

No. 1 Finish: 
(a) Hot rolled. annealed, and pickled, or 
(b) Hot rolled, annealed, grit or sand blasted, and 
passivated. 

Spec. for Corrosion-Resisting Chromium-Nickel 
Steel Plate, Sheet, and Strip (A 167 - 43),” 
with a change in the description of No. 1 
Finish identical with that recommended 
above in Specifications A 240. 

Spec. for Corrosion-Resisting Chromium Steel 
Plate, Sheet, and Strip (A 176-43), with 
a change in the description of No. 1 Finish 
identical with that recommended above in 
Specifications A 240. 

Spec. for High-Strength Corrosion-Resisting 
Chromium-Nickel Steel Sheet and Strip 
(A 177 - 43) 


Committee A-5 on Corrosion of Iron and 
Steel: 


Report presented by C. D. Hocker, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Spec. for Lead Coating (Hot-Dip) on Iron or 
Steel Hardware 


Tentative Standards Continued as Tentative 
Without Revision: 


Spec. for Zinc-Coated (Galvanized) Iron or 
Steel Sheets (A 93 - 38 T) 


17 These recommendations, not preprinted, were ac- 
cepted by unanimous consent. subject to favorable letter 
ballot of Committee A-10, which ballot has been favorable 
and the results are given in the report of the committee, 
see p. 128. 
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Spec. for Zinc-Coating (Hot-Dip) on Tron and 
Steel Hardware (A 153 - 42 T) 

_ Spec. for Electrodeposited Coatings of Cad 

mium on Steel (A 165 40 T) 

Spec. for Electrodeposited Coatings of Zinc on 

Steel (A 164-40 T) 

_ Test for Local Thickness of Electrodeposited 

Coatings (A 219-40 T) 


_ Joint Research Committee on Effect of 
Temperature on the Properties of Metals: 


Report presented by N. L. Mochel, chairman. 
_ The following two papers appended to the 
‘report were then presented: 

Study of Effects of Variables on the Creep Re- 
sistance of Steels—H. C. Cross and W. Sim- 
mons, presented by N. L. Mochel. 

_ Correlation of Short- and Long-Time Elevated 
Temperature Test Methods, presented by 
7 7 John Worth. 


Committee A-3 on Cast Iron: 


Report presented by J. W. Bolton, chairman 


Committee E-4 on Metallography: 


Report presented by L. L. Wyman, chair- 
man, and the following actions taken: 


Accepted as Tentative, Revisions in: 


Preparation of Metallographic Specimens (E 3 - 
42 T) 

Preparation of Micrographs of Metals and 
Alloys (Including Recommended Practice 
for Photography as Applied to Metallography 
(E 2-39 T) 


_ Committee A-2 on Wrought Iron: 


Report, not preprinted, in the absence of the 
chairman, was presented by title. 


PROCEEDINGS 


Committee A-6 on Magnetic Properties: oe | 


Report presented by Thomas Spooner, chair- 
man, and the following actions taken: 


Accepled as Tentative? 


Def. of Terms, With Symbols, Relating to Mag- 
netic Testing, to replace Standard Definitions 
A 127 


Adopted as Standard: 


Test for Permeability and Core Loss of Flat- 
Rolled Magnetic Materials Using 28-cm 
Specimen (A 257 - 43 T) 

Test for Normal and Incremental Permeability 
and Core Loss of Flat-Rolled Magnetic Mate- 
rials at Low Alternating Inductions Using 
28-cm. Specimen (A 258 — 43 T) 

Test for Permeability of Feebly Magnetic Mate- 
rials (A 259 - 43 T) 


Adopted as Standard, Revisions in: 


Test for Magnetic Properties of Iron and Steel 
(A 34 - 42) 


Committee A-7 on Malleable-Iron Castings: 


Report presented by H. A. Schwartz, secre- 
tary, and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Pearlitic Malleable Iron Castings 
(A 220 - 39 T) 

Spec. for Malleable Iron Castings (A 47 - 33) 

Spec. for Cupola Malleable Iron (A 197 — 39) 


Paper: 


The Technical Cohesive Strength of - Some 
Steels and Light Alloys at Low Temperatures 
—D. J. McAdam, Jr., R. W. Mebs, and G. W. 
Geil, presented by Mr. McAdam. 


TWELFTH SESSION—CEMENTITIOUS AND MASONRY MATERIALS i 
TuursDAy, JUNE 29, 9:30 a.m. 


SEssion Co-CHatRMEN: P. H. Bates; J. C. PEARSON 


4 Committee C-7 on Lime: 


: Report presented by W. C. Voss, chairman, 


: and the following actions taken: 

Accepted as Tentative: 

Definitions of Terms Relating to Quicklime'® 
Adopted as Standard: 


Def. of Terms Relating to Lime (C 51 - 41 T)'® 


18 These recommendations, not preprinted, were ac- 
cepted by unanimous consent, subject to favorable letter 
t of Committee C-7 which ballot has heen favorable 
and the results are given in the report of the committee, 
see p. 318. ; 


4 


Adopted as Standard Revisions in: -)> 


Spec. for Hydrated Lime for Structural Pur- 
poses (C 6-—31),!* with changes eliminating 
references to Masons’ hydrate and confining 
these specifications to normal hydrated lime 
for finishing. 

Chemical Analysis of Limestone, Quicklime, 
and Hydrated Lime (C 25 — 29)'8 


A Report of the Subcommittee on Use of the 
Autoclave for Testing Limes, which will contain 
a digest of data reported by seven laboratories 
on studies of the expansion characteristics of 


= | 
= 


Ve ‘ 
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lime for masonry purposes, was accepted for 
publication, subject to review by Committee 
E-6 on Papers and Publications. 


Committee C-12 on Mortars for 
Masonry: 


Unit 


Report presented by T. I. Coe, vice-chair- 
man, and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Mortar for Reinforced Brick Masonry 
(C 161 - 41 T) 


Adopted as Standard: 


Spec. for Aggregate for Masonry Mortar (C 
144 —- 42 T) 


Committee C-I on Cement: 


Report presented by P. H. Bates, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Test for Determining the Air Content of 
Portland-Cement Mortar, with the addition 
of an explanatory footnote showing the 
derivation of the formula for calculating air 
content 

Test for Determining Vinsol Resin in Portland 
Cement by the Methoxyl Method 

Test for Heat of Hydration of Portland Cement 


Accepted as Tentative, Revisions in: 


Spec. for Treated Portland Cement for Con- 
crete Pavements (C175-42T), with the 
addition in Table I of “AEA” (air entraining 
agent) after Darex, and the addition of 
“respective” before “chemical” and “physical,” 
respectively, in Sections 4 and 5 


Adopted as Standard: 


Chemical Analysis of Portland Cement (C 114 - 
42 T), Sections 1 to 8 only 

Test for Compressive Strength of Portland- 
Cement Mortars (C 109 —- 43 T), as revised 


Adopted as Standard, Revisions in: 


Spec. for Portland Cement (C 150-42), with 
the addition of “respective” before “chemical” 
and “physical,” respectively, in Sections 4 
and 5 

Sampling and Physical Testing of Portland 
Cement (C 77 - 40), comprising the following 
seven separate methods: 

Sampling Hydraulic Cement 

Test for Fineness of Hydraulic Cement by 
the No. 200 Sieve 

Test for Normal Consistency of Hydraulic 
Cement 

Test for Soundness of Hydraulic Cement Over 


Test for Time of Setting of Hydraulic Cement 
by the Vicat or Gillmore Needles 

Test for Tensile Strength of Hydraulic-Cement 
Mortars 

Test for 
Cements 

Chemical Analysis of Portland Cement (C 114 
— 42) 


Accepted for Publication as Information Only: 


Proposed Method of Chemical Analysis for 
Darex in Portland Cement 


Specific Gravity of Hydraulic 


Committee C-15 on Manufactured Masonry 
Units: 


Report presented by D. E. Parsons, chair- 
man, and the following actions taken: 


Accepted as Tentative, Revisions in: 
Spec. for Glazed Building Units (C 126 — 39 T) 
Adopted as Standard: 


Spec. for Building Brick (Made from Clay or 
Shale) (C 62 - 41 T) 


Adopted as Standard, Revisions in: 


Spec. for Hollow Load-Bearing Concrete Ma- 
sonry Units (C 90-39) 

Methods of Sampling and Testing Brick (C 67 - 
41), adoption of Tentative Method of Test for 
Initial Rate of Absorption (Suction) and 
Efflorescence of Brick (C67-42T), as 
revised. 


Reaffirmation of Standards: 


Spec. for Concrete Building Brick (C 55 - 37) 

Spec. for Sand-Lime Building Brick (C 73 - 39) 

Spec. for Structural Clay Floor Tile (C 57 — 39) 

Spec. for Hollow Non-Load-Bearing Concrete 
Masonry Units (C 129-39) ° 

Spec. for Concrete Masonry Units for Construc- 
tion of Catch Basins and Manholes (C 139 - 
39) 

Sampling and Testing Structural Clay Tile 
(C 112-36) 

Def. of Terms Relating to Structural Clay Tile 
(C 43 — 36) 

Sampling and Testing Concrete Masonry Units 
(C 140 - 39) 


Committee C-16 on Thermal Insulating 
Materials: 
Report presented by E. T. Cope, chairman, 
and the following actions taken: 
Accepted as Tentative: 
Spec. for 85 per cent Magnesia Thermal In- 
sulating Cement, formerly Emergency Spec- 


Boiling Water (Pat Test) ie ifications ES — 8, with the following changes: 
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Section 1.—Change the lower operating 
temperature from “212 F.” to “200 F.” 

Section 2.—Change the introduction to the 
composition requirements to read as‘ follows 
by the addition of the italicized words and 
figures: 


ments as to composition (on the moisture-free basis, 
employing the methods of aman Fey in Federal 
spect cation HH-M-61, Sections F-sa to F-3g, inclu- 
sive). 


2. The cement shall conform to the lawol require- 


Section 3.—Change the requirement for 
dry covering capacity from “55” to “50” bd. 
ft. per 100 lb. of dry cement, min.; also change 
the requirement for volume change (shrink- 
age) upon drying from “30” to “35” per 
cent, max. 

Section 4 (e).—Change the first sentence in 
the second paragraph to read as follows: 
Test specimens shall be molded in a mold of 
suitable size and shape for the guarded hot 
plate to be used, and 1} in. in depth. Also 
change the requirement for size of steel plate 
from ‘12 in.” to “14 or 15 in.” 


Spec. for Long-Fiber Asbestos Thermal Insulat- 


ing Cement, formerly Emergency Specifica- 
tions ES - 9, with the following changes: 

Section 1.—Change the words “composed 
predominantly of” to “comprising”; also 
change the lower operating temperature limit 
from “200 F.” to “140 F.” 

Section 2.—Omit the word “predominantly” 
and change grade “6” to “7.” 

Section 3.—Omit the requirement for 
“adhesion to steel.” 

Section 4.—In Paragraph (e) make the 
same changes as given above in Section 4 (e) 
of the Specifications for 85 per cent Magnesia 
Thermal Insulating Cement. Omit Para- 
graph (f) which describes the test for adhesion 
to steel. 


Spec. for Mineral Wood Thermal Insulating 


Cement, formerly Emergency Specifications 
ES - 10, with the following changes: 

Section 1.—Change the operating tem- 
peratures from “200 and 1200 F.” to “140 and 
1800 F.” 

Section 2.—Change the requirement for 
dry covering capacity from “40” to “45” bd. 
ft. per 100 lb. of dry cement, min.; change the 
requirement for volume change (shrinkage) 
upon drying from “25” to “20” per cent, max.; 
also change the thermal conductivity require- 
ments at mean temperature of 200 F. from 
“0.90” to “0.80,” at mean temperature of 
500 F. from “1.00” to “0.90,” at mean tem; 
perature of 700 F. from “1.10” to ‘i.00”- 
also change the requirement for adhesion to 
steel to “3.0 psi., min.” 


SUMMARY OF PROCEEDINGS 


Section 3—In Paragraph (e) make the 
same changes as given above in Section 4 
(e) of the Specifications for 85 per cent Mag- 
nesia Thermal Insulating Cement; also 
revise the test for adhesion to steel in Para- 
graph (f) to use the apparatus described in 
the Navy Specification 32C14d. 

Spec. for Expanded or Exfoliated Mica Thermal 
Insulating Cement, formerly Emergency 
Specifications ES-11, with the following 
changes: 

Title and Section 1—Change the word 
“mica” to “vermiculite;” also change the 
lower operating temperature limit from 
“200 F.” to “140 F.” 

Section 2.—Change the requirement for 
volume change (shrinkage) upon drying from 
“30” to “18” per cent, max.; also change the 
requirements for thermal conductivity at 
mean temperature of 200 F. from “1.10” to 
“0.95,” at mean temperature of 500 F. from 
“1.20” to’ “1.10,” at mean temperature of 
700 F. from “1.30” to “1.20”; also change the 
requirement for adhesion to steel to “2.5 psi., 
min.” 

Section 3 (€).—Make the same changes as 
given above in Section 4 (e) of the Specifica- 
tions for 85 per cent Magnesia Thermal In- 
sulating Cement. 

Spec. for Diatomaceous Silica Thermal Insulat- 
ing Cement, for Use from 1200 to 1900 F., 
formerly Emergency Specifications ES — 13, 
with the following changes: 

Section 1.—Omit the word “calcined” and 
also change the lower operating temperature 
limit from “1200 F.” to “600 F.”” Also omit 
the note following this section. 

Section 3 (e).—Make the same changes 
as given above in Section 4 (e) of the Spec- 
ifications for 85 per cent Magnesia Thermal 
Insulating Cement. 

Adopted as Standard: 

Sampling and Mixiig Thermal Insulating Ce- 
ment (C 163-41 T) 

Test for Bulk Density of Thermal Insulating 
Cement (C 164-41 T) 

Test for Thickness and Density of Blanket Type 
Thermal Insulating Materials (C 167 - 41 T) 

Def. of Terms Relating to Thermal Insulating 
Materials (C 168 - 41 T) 


Committee C-8 on Refractories: 

Report presented by J. D. Sullivan, chair- 
man, and the following actions taken: 
Acceptzd as Tentative: 


Symbols for Heat Transmission to replace 
Standard C 108-41 
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Accepted as Tentative, Revisions in: 


Spec. for Air-Setting Refractory Mortars (Wet 
Tyre) for Boiler and Incinerator Services 
(C 178 - 43 T) 

Test for Fyrometric Cone Fquivalent (P.C.E.) 
of Refractcry Ma erials (C 24-42) 


Spec. for Grcund Fire Clay as a Mortar for 


Laying-Up Fireclay Brick (C 105 - 41) 
Adopted as Standard: 


Spec. for Freclay Plastic Refractories for 
Boiler and Incinerator Services (C 176 - 42 


Papers: 


The following papers were presented: 

The [I ffects of Certain Variations in Consistency 
and Curing Conditions on the Compressive 
Strengths of Cement-Lime Mortars—G. J. 
Fink, presented by the author. 

The Reaction of Vinsol Resin as It Affects the 
Air Entrainment of Portland Cement Con- 
crete”—Charles E. Wuerpel and Albert 
Weiner, presented by Mr. Wuerpel. 

Comparative Tests of 52 Brands of Portland 
Cement From 15 Countries—E. V. Barrett, 
presented by John S. Peck. 


THIRTEENTH SESSION—NON-FERROUS METALS AND ALLOYS, CORROSION 
POWDER METALS 


Session CuarrMan: J. H. Foore 


Committee B-5 on Copper and Copper Alloys, 
Cast and Wrought: 


Report presented by J. J. Kanter, vice- 
chairman, and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Cartridge Brass Sheet, Strip, and Disks 
(B 19 - 42 T) 

Spec. for Bronze Castings for Turntables and 
Movable Bridges and for Bearing and Ex- 
pansion Plates of Fixed Bridges (B 22 - 42 T) 

Spec. for Copper-Base Alloys in Ingot Form for 
Sand Castings (B 30-42 T) 

Spec. for Brass Sheet and Strip (B 36-43 T) 

Spec. for Leaded Brass Sheet and Strip (B 121 
~ 43 T) 

Spec. for Copper-Base Alloy Forging Rods, 
Bars, and Shapes (B 124 - 42 T) 

Spec. for Cartridge Brass Cartridge Case Cups 
(B 129 - 43 T) 

Spec. for Gilding Metal Sheet and Strip (B 
130 - 43 T) 

Spec. for Gilding Metal Bullet Jacket Cups 
(B 131 - 43 T) 

Spec. for Leaded High-Strength Yellow Brass 
(Manganese Bronze) Sand Castings (B 132 - 
41 T) 

Spec. for Copper Rods, Bars, and Shapes (B 
133 —- 42 T) 

Spec. for Brass Wire (B 134 - 42 T) 

Spec. for Phosphor Bronze Rods, Bars, and 
Shapes (B 139 - 42 T) 

19 This recommendation, not preprinted. was accepted 
by unanimous consent, subject to favorable letter ballot 


of Committee C-8, which ballot has been favorable and the 
results are given in the report of the committee, see p. 332. 


THURSDAY, JUNE 29, 2 P.M. 


Spec. for Tin-Bronze and Leaded Tin-Bronze 
Sand Castings (B 143 - 42 T) 

Spec. for High-Leaded Tin-Bronze Sand Cast- 
ings (B 144-42 T) 

Spec. for Leaded Red Brass and Leaded Semi 
Red Brass Sand Castings (B 145 - 42 T) 

Spec. for Leaded Yellow Brass Sand Castings 
for General Purposes (B 146 - 42 T) 

Spec. for High-Strength Yellow Brass and High- 
Strength Leaded Yellow Brass Sand Castings 
(B 147 - 42 T) 

Spec. for Aluminum Bronze Sand Castings 
(B 148 - 42 T) 

Spec. for Leaded Nickel-Brass and Nickel- 
Bronze Sand Castings (B 149 - 42 T) 

Spec. for Aluminum Bronze Rods, Bars and 
Shapes (B 150-41 T) 

Spec. for Copper-Nickel-Zinc Alloy Rod and 
Wire (B 151 —- 42 T) 

Spec. for Copper Sheet, Strip, and Plate (B 152 - 
41 T) 

Spec. for Phosphor Bronze Wire (B 159 - 43 T) 

Spec. for Aluminum Bronze Sheet and Strip 
(B 169 - 42 T) 

7 

Spec. for Free-Cutting Brass Rod for Use in 
Screw Machines (B 16 - 42) 

Spec. for Steam or Valve Bronze Castings (B 61 
- 42) 

Spec. for Composition Brass or Ounce Metal 


Castings (B 62 - 41) 
| 


oe in ASTM Buttetin, No. 130, October 
1944, p.4 


Adopted as Standard, Revisions in: 
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Spec. for Bronze Castings in the Rough for 
Locomotive Wearing Parts (B 66-38) 

Spec. for Car and Tender Journal Bearings, 
Lined (B 67 - 38) 

Spec. for Copper-Silicon Alloy Sheet for General 
Purposes (B 97 — 41) 

Spec. for Copper-Silicon Alloy Rods, Bars, and 
Shapes (B 98 — 42) 

Spec. for Rolled Copper-Alloy Bearing and 
Expansion Plates for Bridges and Other 
Structural Uses (B 100 — 43) 

Spec. for Phosphor Bronze Sheet and Strip 
(B 103 - 43) 

Withdrawal of Standard: 

Spec. for Castings of the Alloy: Copper 88 per 
cent, Tin 8 per cent, Zinc 4 per cent (B 60- 
41)" including the proposed revisions in the 
report as preprinted 


Committee B-1 on Copper and Copper-Alloy 
Wires for Electrical Conductors: 


Report, not preprinted, presented from 
manuscript by J. H. Foote, chairman, and the 
following actions taken: 

Accepted as Tentative: 
Spec. for Lead-Coated and Lead-Alloy-Coated 


- Soft Copper Wire for Electrical Purposes,” — 


- formerly Emergency Specifications ES - 1a, 


with the following changes: (/) elimination of — 


reference to hard-drawn wires, deleting pro- 
visions relating thereto; (2) addition of the 
word “soft” in the title and scope; and (3) 
changes in the numerical values of require- 
ments for resistivity to those prescribed in the 
Standard Specifications for Tinned Soft or 
Annealed Copper Wire for Electrical Purposes 
(A.S.T.M. Designation: B 33). 

Adopted as Standard, Revisions in: 


Spec. for Concentric-Lay-Stranded Copper 
Conductors, Hard, Medium-Hard, or Soft 
(B 8-41), the changes comprising the in- 

corporation in the standard of the Emergency 
Alternate Provisions EA — B 8 which provide 
for the inclusion optionally of lead or lead-alloy 
coated wires as well as tin and bare wires and, 
in addition, including a revision in Section 2 
(a) changing it to read as follows by the 

addition of the italicized words: “The pur- 
chaser shall designate the type of wire and 

the kind of coating, if any, to be used in the 
conductor.” 


2 This recommendation, not preprinted, was accepted 
by unanimous consent, subject to favorable letter ballot 
of Committee B-5 which ballot has been favorabie and the 
results are given in the report of the committee, see p. 244 

22 These recommendations, not preprinted, were ac- 
cepted by unanimous consent, subject to favorable letter 
ballot of Committee B-1, which ballot has been favorable 
and the results are given in the report of the committee, 
see p. 219. 


Committee B-4 on Electrical-Heating, Elec- 
trical-Resistance, and Electric-Furnace 
Alloys: 

Report presented by Dean Harvey, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Spec. for Chromium-Nickel-Iron Alloy Castings 
for High Temperature Service, submitted 
jointly with Committee A-10 on Iron-Chro- 
mium, Iron-Chromium-Nickel and Related 
Alloys, with the following revisions: 

Title—Omit the words “for Electric Fur- 
naces” and add “(25-12 Class)” after the word 
“Castings.” 

Section 1.—In the first sentence change 
“24” to read “25” per cent chromium, and 
add the words “petroleum still tube supports” 
after “electric furnaces.” 

Section 7.—Change to read as follows: 

7. The purchaser shall specify not more 
than two tests. The tests shall be selected 
from the following list, with the restriction 
that not more than one of the tension tests 
at high temperature (that is, items (3) or 
(4)) may be required: 

(1) Tension test after aging. 

(2) Magnetic permeability test. 

Stress-rupture test. 

(4) Short-time high-temperature tension 

test. 

A ppendix.—Omit the information on creep 
test in the Appendix. 


Test for Equivalent Yield Stress of Thermostat 
Metals 


Accepted as Tentative, Revisions in: 


Spec. for Drawn or Rolled Alloy, 80 per cent 
Nickel, 20 per cent Chromium, for Electrical 
Heating Elements (B 82 - 41) 

Spec. for Drawn or Rolled Alloy, 60 per cent 
Nickel, 15 per cent Chromium, and Balance 
Iron, for Electrical Heating Elements (B 83 - 
41) 


Committee B-3 on Corrosion of Non-Ferrous 
Metals and Alloys: 


Report presented by Sam Tour, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Method of Alternate Immersion Testing of Non- 
Ferrous Metals?! 


*: This recommendation, not preprinted, was accepted 
by unanimous consent, subject to favorable letter ballot 
of Committee B-4, which ballot has been favorable and the 
rsults are given in the report of the committee, see p. 241. 

% These recommendations, not preprinted, were ac- 
cepted by unanimous consent, subject to favorable letter 
ballot of Committee B-3, which ballot has been favorable 
and the results are given in the report of the committee, 


see p. 222. F 
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Accepted as Tentative, Revisions in: 
Method of Salt Spray Testing of Non-Ferrous 
Metals (B 117 - 41 T)* 
Committee B-9 on Metal Powders and Metal 
Powder Products: 
Report presented by W. A. Reich, chairman. 
Papers: 
The following papers were presented: 


Evolution of Test Specimens for Non-Ferrous 


An Alternate Immersion Test for Aluminum- 


Basic Requirements in the Standardization 


om | t = - 


Castings—A. J. Smith, presented by J.W. 
Bolton. 


Copper Alloys—R. B. Mears, C. J. Walton, 
and G. G. Eldredge, presented by Mr. Walton. 


of the Salt Spray Corrosion Test—Leo J. 
Waldron, presented from manuscript by the 
author. 


FOURTEENTH SESSION—CONCRETE 


SESSION CHAIRMAN: H. F. CLEMMER 


Committee C-9 on Concrete and Concrete 
Aggregates: 


Report presented by F. E. Richart, vice- 
chairman, and the following actions taken: 


Accepted as Tentative: 


Method for Making and Curing Concrete Com- 
pression and Flexure Specimens in the Lab- 
oratory 

Test for Surface Moisture in Fine Aggregate 
(C 70-44 T), as a revision of and replacing 
Standard C 70 - 30, with the addition to Sec- 
tion 5 of the following explanatory footnote 
showing the derivation of the formula for 
calculating surface moisture: 

Note.—These formulas are readily derived from 
basic relationships. For convenience express Pi in 
terms of the ratio 7, that is, the ratio of the weight of 


surface moisture to the weight of the saturated, sur- 
face-dry sample. It follows that: 


lf G is bulk specific gravity of the saturated-surface- 
dry fine aggregate, then 
Ws 
(2) 


Vem t (™ 
where the first term gives the water displaced by the 
saturated-surface-dry fine aggregate and the second 
that displaced by the surface moisture. 

From Eq. 2: 


By definition, 


W, = VaG . 


a , W 
Substi y 
ubstituting for it, 


fying, 


and W, in Eq.1 and simpli- 


THURSDAY, JUNE 29, 2 P.M. 


The formula for P: may be derived by similar rea- 
soning, or directly from that for P; since, 


Ve — Va 
ad 


Accepted as Tentative, Revisions in: 

Test for Soundness of Aggregates by Use of” 
Sodium Sulfate or Magnesium Sulfate (C 88- 
41 T), except for the proposed revision in 
Section 4 (6) as preprinted, which was with- 
drawn by the committee. 

Test for Efficiency of Materials for Curing Con- 
crete (C 156-40), with the following addi- 
tional changes 

Title and Sections 1 and 7.—Change “Ma- 
terials’ to “Methods.” 

Section 8 (a).—Change the last sentence to 
read as follows: “In order to provide for 
uniform air distribution, dummy molds shall 
be used to fill the shelf of the cabinet when it 
is not filled with test specimens. 

Section 8 (b).—Add the following sentence 
following the third sentence in this section: 
“Sufficient, space shall be provided in the — 
cabinet above the test specimens so that the | 
moving air will not be deflected in such manner 
as to pass over the specimens in a horizontal _ 
plane.” 

Section 9 (c).—Change to read as follows: 


(c) The curing material shall then be uniformly 
applied to the surface of the specimen at the rate of 
coverage specified for that method of curing. It is 
advisable to apply curing agents to only one specimen 
at a time in an atmosphere of controlled temperature 
and humidity as prescribed in Section 5 (b). Liquids ; 
shall be sprayed on. The proper coverage shall be 7 
2% These recommendations, not preprinted, were ac- 
cepted by unanimous consent, subject to favorable letter 
ballot of Committee C-9, which ballot has been favorable 
and the results are given in the report of the committee, 
see p. 341. 
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ec. determined by weighing the spray gun before and after 
{ application to 01 g. 

_(4) Paper, blankete or burlap shall receive an addi- 
tional sealing where they come in contact with the 
mold in order to prevent moisture loss except through 
the curing medium. In cases where a blan.et havin 
a thickness greater than % in. is used, the expose 
edges. where thev project above the mold, shall also 
be sealed. Liquid curing materials or granular curing 
materials shall be applied uniformly. 


Insert the following new Paragraphs (e) 
and (f), relettering the present Paragraph 
(d) as (g): 


(e) Blankets or burlap intended for field use in a 
continuously wet condition shall be kept wet durin 
the entire period of test. Similar matrrials intended 
for field use with but one initial wetting shall be 4 
plied in a wet condition but shall not be subsequently 
wetted during the period of test. 

—_ (f) Where the method under investigation involves 
the use of a combination of curing agents, such as the 
use of a membrane or paper following a preliminary 
wet curing, the time of application of the final curing 
agent shall be in accordance with the governing spec- 
 ifications. 


Adopted as Standard: 

Methods of Sampling Fresh Concrete (C 172 - 
42 T) 

Methods of Measuring Length of Drilled Con- 
crete Cores (C 174-42 T) 

Def. of Terms Relating to Concrete and Con- 
crete Aggregates (C 125-42 T) 

Spec. for Ready-Mixed Concrete (C 94-43 T), 
as revised 


Adopted as Standard, Revisions in: 


Spec. for Concrete Aggregates (C 33 - 42) 
Test for Structural Strength of Fine Aggregate 

Using Constant Water-Cement-Ratio Mortar 

(C 87 - 42) 

Test for Compressive Strength of Concrete 
Using Portions of Beams Broken in Flexure 
(Modified Cube Method) (C 116-42), with 
the following additional changes:* 

Section 1.—Add the fcllowing note: “Note. 
-—For method of making flexural strength 
test, see the Standard Method of Test for 
Flexural Strength of Concrete (Using Simple 
Beam with Third-Point Loading) (A.S.T.M. 
Designation: C 78).” 

Section 3.—Delete the present note and add 
the following new note: ‘“‘Note.—Neat port- 
land or alumina cement and suitable mixtures 
of sulfur with granular materials are recog- 
nized as suitable for capping hardened concrete 
specimens. Sulfur cap ;should be allowed to 
harden for at least 1 hr. before applying load; 
cement caps for a sufficient period to comply 
with the requirements prescribed in Para- 
graph (b).” 


| 


p. S41, 


SUMMARY OF PROCEEDINGS 


Test for Coal and Lignite in Sand (C 123 - 39), 
with an additional charge revising the seventh 
sentence in Section 3 to read as follows: ‘The 
decanting particles contained on the gauze 
or sieve shal] be washed in carbon tetrachloride, 
until the flotation liquid is removed, and then 
dried. The particles will dry very quickly, 
but may be placed in an oven at 105 C. tora 
few minutes if desired.” 

Test for Abrasion of Coarse Aggregate by Use 
of the Los Angeles Machine (C 131 - 39), ( 
jointly with Committee D-4 on Road and 
Paving Materials. 

Method of Making and Storing Compression 
Test Specimens of Concrete in the Field (C 31 
- 42), with the addition of the phrase “or as 
the basis for acceptance” to appear after 
“concrete” in the first sentence in Sections 
7 (b) and 11 (a). 

Test for Compressive Strength of Concrete 
(C 39 - 42) 

Methods of Securing and Testing Specimens of : 
Hardened Concrete from the Structure (C 42 
42) 

Test for Flexural Strength of Concrete ‘vith 


oratory Method Using Simple Beam with 
Third-Point Loading) (C 78 - 39) 

Test for Yield of Concrete (C 138 - 39), with a 
modification in Section 5 (b) changing “50” 
to read “25” and “100” to read ‘‘50” strokes. 


The last five methods in the above list were 
approved for submission to letter ballot of the 
Society, subject to favorable letter ballot vote’ 
in Committee C-9. This recommendation 
represented a change in the report as preprinted 
which had recommended the revised methods 
for publication as tentative. 


Withdrawal of Tentative Standard: 


Test for Soundness of Aggregates by Freezing 

and Thawing (C 137 - 38 T) 

The paper by J. C. Pearson on “Volumetric 
Methods for Determining the Air Content of 
Freshly Mixed Concrete,” appended to the 
report, was presented by the author. 


Sanford E. Thompson Award : 


The chairman then introduced Sanford E. 
Thompson v ho presented the Sanford E. Thomp- 
son Award. The award was established in 1938 
by Committee C-9 in honor of the first chairman | 
of the committee, and as an annual token of 


26 These recommendations, not preprinted, were ac- — 
ounes by unanimous consent, subject to favorable letter 
ballot of Committee C-9, which ballot has been favorable 
and the results are given in the report of the committee, 
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recognition to the author of a paper presented 
before the A.S.T.M. and considered of outstand- 
ing merit. The purpose of the award was also 
to encourage research and investigations that 
extended the knowledge of concrete and con- 
crete aggregates. 

Mr. Thompson then announced that the 
Sanford E. Thompson Award had been made to 
Douglas McHenry, Engineer, Bureau of Recla- 
mation, U. S. Department of the Interior, for 
his paper on “A New Aspect of Creep in Con- 
crete and Its Application to Design,” presented 
at the 1943 Annual Meeting. 

In accepting the certificate of the Sanford E. 
Thompson Award, Mr. McHenry expressed 


sincere appreciation of the recognition and honor 
conferred. 


Papers: _ 

The following papers were presented: 

A Comparison of Results of Sieving Procedures 
in Soundness Tests on Maine Sands—Andrew 
Adams and Horace A. Pratt, presented by H. 
W. Leavitt. 

Application of Flay Ash for Lean Concrete 
Mixes—Harry A. Frederick, presented from 
manuscript by the author. 

Entrained Air-—Its Effect on the Constituents 
of Portland Cement Concretes—Henry L. 
Kennedy, presented by the author. 


FIFTEENTH SESSION—CONCRETE—(Continued) 
Fripay, JuNE 30, 9:30 a.m. J 
SESSION CHAIRMAN: ALEXANDER FOSTER, JR. 


Papers: 


The following papers were presented: 

Precision Indices for Compression Tests of 
Companion Concrete Cylinders—S. P. Wing, 
W. H. Price, and C. T. Douglass, presented 
from manuscript by Douglas McHenry. 

The Measurement of Concrete Strength by 
Embedded Pull-Out Bars—Bailey Tremper, 
presented by Stanton Walker. 

Some Properties of Concrete Under Sustained 


Combined Stresses—C. M. Duke and H. E. 
Davis, presented by Douglas McHenry. 

Tests Comparing the Modulus of Elasticity of 
Portland-Cement Corcrete as Determined by 
the Dynamic (Sonic) and Compression (Secant 
at 1000 psi.) Methods?”—T. E. Stanton, pre- 
sented from manuscript by H. F. Gonnerman. 

The Effect of Discontinuities on the Natural 
Frequency of Beams—Philip G. Kirmser, 
presented by the author. 


SIXTEENTH SESSION—NON-FERROUS METALS AND ALLOYS (Continued) 
Fray, JUNE 30, 9:30 a.m. 


SESSION CHAIRMAN: PRESIDENT DEAN HARVEY - 


Committee B-2 on Non-Ferrous Metals a.1d 
Alloys: 


Report, not preprinted, in the absence of the 
chairman, presented from manuscript by J. L. 
Christie. 


Committee B-7 on Light Metals and Alloys, 
Cast and Wrought: ' 


Report presented by Sam Tour, chairman, 
and the following actions taken: 

Accepted as Tentative, Revisions in: 

Spec. for Aluminum Sheet and Plate (B 25 - 
43 T) 

Spec. for Aluminum-Base Alloy Sand Castings 
(B 26-43 T), omitting “to the nearest 1000 
psi.” and “to the nearest 1 per cent” from 
Table I; also retain requirements for alloy $2 
but change zinc to 0.3 per cent max. 


Spec. for Aluminum-Alloy (Duralumin) Sheet 
and Plate (Aluminum-Copper-Magnesium- 
Manganese) (B 78 - 42 T) 

Spec. for Aluminum-Manganese Alloy Sheet 
and Plate (B 79 - 43 T) 

Spec. for Magnesium-Base Alloy Sand Castings 
(B 80 - 41 T), except for the proposed changes 
in Table I as preprinted hich were with- 
drawn by the committee 

Spec. for Aluminum-Alloy’ (Duralumin) Bars, 
Rods, Wire, and Shapes, (Aluminum-Copper- 
Magnesium-Manganese) : (B 89 - 42 T) 

Spec. for Magnesium-Base Alloy Sheet (B 90 - 
41 T) 

Spec. for Magnesium-Base Alloy Forgings (B 
91-41 T), except that the proposed changes 
to delete alloys 15, 15X, 15A, 15XA, 18 and 
18X were withdrawn by the committee 
27 Published in ASTM Buttetin, No. 131, December, 

1944, p. 17. 
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Spec. for Magnesium-Base Alloys in Ingot Form 
for Sand Castings and Die Castings (B 93 — 
41 T), except for the changes in Table J, 
excluding that in alloy 13X, which were with- 
drawn by the committce 


and Shapes (B 107-41 T), except that the 


Spec. for Magnesium-Base Alloy Bars, Rods, 
proposed changes to delete alloys 15 and 15X 
Spec. for Aluminum-Base Alloy Permanent 
Mold Castings (B 108-43 T), omitting “to 
at nearest 1000 psi,” and “to the nearest 
ments for alloy $2 but change zinc to 0.3 per 
cent max. 
Spec. for Aluminum-Magnesium-Chromium Al- 
Spec. for Aluminum-Manganese Alloy Sheet 
and Plate for Use in Welded Pressure Vessels 
(B 126-43 T) 


a were withdrawn by the committee 
1 per cent” in Table IX; also retain require- 

loy Sheet and Plate (B 109-43 T) 
Spec. for Aluminum Sheet and Plate for Use in 


SUMMARY OF PROCEEDINGS 


Accepted as Tentative: 


Spec. for Aluminum-Base Alloy Die Castings, 
to replace Standard B 85 — 42, with the follow- 
ing changes:?* 


(1) In Table I on Chemical Composition, delete the 
reference to Alloys VI, VIII, IX, XI, and XII, as 
these alloys are considered obsolete. 

(2) Designate the present Alloy V as Alloy V-A and 
add to Table I on Chemical Composition require- 
ments for Alloys V-B and LXXIX-B. | 

(3) Change the composition for the alloys included in 
Table I to agree with the values shown in the ac- 
companying Table IV. 

(4) Add a statement reading that alloys IV, V-A, VII- 
A and LXXIX-A are suitable for die casting either 
in gooseneck or cold chamber machines and that 
Alloys V-B, VII-B and LXXIX-B may be die cast 
only in cold chamber machines. ; 

(5) Designate the alloys in accordance with the recom- 
mendations of Committee B-7, as follows: 


New 


Welded Pressure Vessels (B 178 43 T) LXXIX-B... 
TABLE IV.—CHEMICAL REQUIREMENTS. 
Other 
Manga-| Mag- | 7: ars 

: Iron, ° Zinc, | Nickel,| Tin, Consti- 

Alloy Former max., | Silicon, max., max., | max., | max., | tuents, 
Alloy No. per per cent per per max. 

cent cent cent cent (Total), 

per cent 
S4 ss. caamalaiin 0.6 2.0 4.5 to 6.0 0.3 0.1 0.5 0.5 0.1 0.2 
$s . | SSS 0.6 2.0 11.0 to 13.0 0.3 0.1 0.5 0.5 0.1 0.2 
$7 L! 0.6 1.3 11.0 to 13.0 0.3 0.1 0.5 0.5 0.1 0.2 
sc2 | VII-A 3.0 to 4.0 2.0 4.5 to 5.5 0.5 0.1 1.0 0.5 0.3 0.5 
sci | VII-B.... 3.0 to 4.0 4.5 to 5.5 0.5 0.1 0.6 0.5 0.3 0.5 
SC6 | LXXIX-A.....| 3.0 to 4.0 2.0 7.5 to 9.5 0.5 0.1 1.0 0.5 0.3 0.5 
SC5 LXXIX-B.....| 3.0 to 4.0 | 1.3 7.5 to 9.5 0.5 0.1 0.6 0.5 0.3 0.5 


Adopted as Standard: 


Spec. for Aluminum Ingots for Remelting (B 24 

41 T) 

It was announced that the proposed revisions 
appearing in tke preprinted report in the Tenta- 
tive Specifications for Aluminum-Base Alloys 
in Ingot Form for Sand Castings (B 58 - 42 T) 
and for Aluminum-Base Alloys in Ingot Form 
for Permanent Mold Castings (B 112-41 T) 
had been withdrawn by the committee 


Committee B-6 on Die-Cast Metals and 
Alloys: 


Report presented in the absence of the 
chairman, by the chair, and the following actions 
taken: 


wwe 


| | 


(6) Make the necessary editorial changes in the text to 
provide for the procurement of both gooseneck and 
cold chamber castings. 

(7) Revisions in the table of physical properties. 

If the above recommendation is accepted, the 
withdrawal of Emergency Alternate Provision 
EA — B 85a will be recommended through Com- 
mittee E-10 on Standards. 

Accepted as Tentative, Revisions in: 
Spec. for Magnesium-Base Alloy Die Castings 

(B 94-40 T) 

Adopted as Standard: 
Spec. for Lead- and Tin-Base Alloy Die-Castings 

(B 102 - 39 T) 


28 This recommendation, not preprinted, was accepted 
by unanimous consent, subject to favorable letter ballot 
of Committee B-6, which ballot has been favorable and the 
results are given in the report of the committee, see p. 262. 


Alloy Designa- 
No. tion 
V-B. $7 
VII-A $C2 
VII-B SC1 
| 


j 


Committee B-8 on Electrodeposited Metallic 
Coatings: 


Report presented by R. J. McKay, chairman, 
who called upon H. A. Pray to present the report 
of Subcommittee II on Performance Tests 


Papers: 


The following papers were presented : 


Micro-Deformation Under Tension and Com- 
pression Loads of Thin Aluminum Alloy 
Sheets for Aircraft Construction—Georges 
Welter, presented by title. 
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Short Time Tests of Solders and Soldered Joints 


A 


-J. A. Kies and W. F. Roeser, presented by 
Mr. Kies. 

Numerical Rating Method for the Routine 
Metallographic Examination of Commercial 
Magnesium Alloys**—P. F. George, presented 
by the author. 


There being no further business, the Forty- 


seventh Annual Meeting adjourned sine die. 
August, 1944. 


p. 


29 Published in ASTM Butter, No. 129, August, 1944, 
35. 


| 
Sap 
tes at 
ea * + - 
a4 j 
Frag 
@ 


THE ART OF BEING A MATERIALS ENGINEER 


ANNUAL ADDRESS BY THE PRESIDENT 
DEAN Harvey! 


JUNE 28, 1944 


In reviewing the annual addresses by 
the Presidents of our Society, I have been 
impressed with the valuable information 
given on the properties and the testing 
of materials. This, of course, is what 
we would expect, since it is our field of 
work. I do not find so much reference, 
however, to the man who is responsible 
for obtaining the results—to the en- 
gineer, the chemist, and the tester—as to 
how he may become more effective in 
his work. I believe that it will be profit- 
able for us briefly to consider some of the 
factors which have to do with our effec- 
tiveness as technical men and women and 
as members of the American Society for 
Testing Materials. 

Our civilization has become so highly 
developed and the results so astounding, 
we do not pause to think that it rests 
upon the efforts of the individual and his 
ability to imagine and to bring into 
reality his dreams. Man is the source 
of all progress and, therefore, is of more 
importance than any of his creations. 

My subject this evening, therefore, is 
“The Art of Being a Materials En- 
gineer,”’ considering under this category 
persons who are engaged in work on 
materials. 

First, I should like to review with you 
a few of the characteristics which are 
important to all of us. 


1 Materials Engineer, Engineering Labs. and Standards 
Dept., Westinghouse Electric and Manufacturing Co., 
East Pittsburgh, Pa. 


Cooperation: 


Cooperation perhaps should be given 
first place. Without it the technical man 
has to depend upon his own efforts, but 
with the aid of others his resources are 
multiplied many times. 

The history of the development of 
knowledge provides many illustrations 
of the power of cooperation. 

In the ancient world, there was little 
direct exchange of ideas between the few 
and widely scattered men who were con- 
tributing to the sum of knowledge. 
Under these circumstances, it required a 
long time to develop the main principles 
of mathematics which are the foundation 
of science, and to make application of 
them. 

In the Dark Ages, the ruling powers 
demanded that the so-called scientific 
knowledge handed down from the past be 
accepted as inviolable even though some 
of these conceptions were already being 
questioned by some inquiring minds. 
You will recall the famous controversy in 
which Galileo was involved, in which he 
finally was obliged to withdraw his state- 
ment that the earth was round and admit 
that it was flat. Investigators had to 
work in secret, under pain of severe 
punishment for criticising any established 
beliefs. 

Later years, however, eventually 
brought freedom from these restrictions, 
beginning with The Renaissance, and 
from that time on we learn of scientists in 
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Europe writing to each other, comparing 
notes on their experiments and theories. 
The correspondence between Newton and 
Leibnitz on mathematics is famous. 

Slowly, the collaboration between sci- 
entists led to organized cooperation. 
Learned societies were formed in Italy, 
France, Germany, and England for the 
exchange of ideas and experimental data. 
The increase and the spread of knowledge 
pecame much more rapid when men 
shared with each other their ideas. 
Modern industry is based on the co- 
operative efforts of men. 

Cooperation along engineering lines in 
this country also was slow in developing. 
Persons in charge of manufacture or 
other construction work made rule-of- 
thumb application of such basic scientific 
knowledge as was available, but there 
was no cooperative effort to establish 
engineering principles. The organiza- 
tion of the first American national 
engineering society, the American Society 
of Civil Engineers, in 1852 was a note- 
worthy event. Other societies, such as 
mechanical, electrical, and chemical fol- 
lowed. The A.S.T.M. was established 
in 1902. The development of American 
industry was enormously accelerated 
when these engineering bodies took up 
the standardization of equipment and 
testing. 

The term “‘cooperation” is very broad 
indeed. It-is the working together of 
individuals on a common problem. In 
working together, obviously, it may be 
necessary for each to make some con- 
cessions in order to arrive at a common 
result. Many persons do not realize 
this. Compromises are especially im- 
portant in connection with standardiza- 
tion work. But the giving up of certain 
ideas in order to obtain agreement is 
more than offset by the advantage of 
having a standard practice to be used 
by all. 

Furthermore, in association and co- 


operation while each person makes a 
contribution, he receives from the con- 
tributions of others much more in return 
than he gives. 


Enthusiasm: 


One of the most important character- 
istics of any successful worker is interest 
in his work. This may seem obvious, 
but all of us remember instances where 
someone has not been interested and, as 
a result, has done his work in a careless 
and incomplete manner. 

The word ‘‘enthusiasm” comes from 
the Greek, meaning “god in us;’’ that is, 
inspired of the gods. This inspiration 
truly seems to be a divine gift. We re- 
member with pleasure persons who have 
had this divine inspiration and have ac- 
complished great things because of their 
devotion to their task. The least that 
each of us can do is to take a definite 
interest in our work and endeavor to 
carry it forward effectively. If, in addi- 
tion, we have this divine touch and pursue 
our work with enthusiasm, we shall ke 


marked men or women. 


Communicating Our Ideas: : 


One of the most important require- 
ments for the technical man carrying on 


the type of work represented in our 


Society is to be able to express his 
thoughts clearly and concisely by the 
spoken or written word. It is not 
sufficient for a man to have ideas. He 
must be able to transmit those ideas to 
others or they cannot ke fully put into 
operation. 

An adequate vocabulary is essential. 
This does not necessarily mean a very 
large vocabulary, but large enough to 
include the words which will enable us to 
convey our thoughts completely and ac- 
curately. Each line of work has its own 
vocabulary which constitutes an im- 


portant tool that is needed just as much 


as the testing machines. It includes the 
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words required to express the finer 
shades of meaning which sometimes are 
necessary for accuracy, just as we need 
precision machines. 

A vocabulary may be acquired by 
reading and by practice in writing. 
Correct writing involves a_ working 
knowledge of grammar and rhetoric and 
also of the meaning of the words used. 
It is important, particularly in the en- 
gineering field, that words be used ac- 
curately. ‘The selection of a word with 
just the right shade of meaning insures 
the correct interpretation whereas an 
inaccurate word is likely to give the 
wrong impression. It has been stated 
that a man’s thoughts are limited by the 
extent of his vocabulary, as he cannot 
formulate ideas unless he can connect 
them with definite words describing 
them. Certainly, at least, there is a 
large element of truth in this statement; 
a man without an adequate vocabulary 
for his needs certainly is handicapped. 


Loyalty: 


Loyalty is considered by many to be 
the greatest human virtue. We all 
know of instances where the loyalty of a 
man to a friend, to his organization, or to 
a cause, is outstanding. It is com- 

mentary on most of us that such cases 
are so uncommon as to attract attention. 
I am not speaking now simply of favor- 
able interest but of real faithful devotion. 

Loyalty is just as important in our 
business life as it is in our personal 
affairs. Most of us probably could give 
a greater measure of devotion to the 
company with which we are connected 
and also to our engineering society. 
Fortunate is the man who has a devoted 
friend and just as fortunate is the or- 
ganization which receives devoted 
service from its members. I am glad to 


say that the A.S. T. M. has many devoted 


members, 
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ject of “Change with Change,” which is 
just as timely today. It said, in part: 
“Every man likes to think of his 


Contacts: 


Man isa gregarious animal; wr is, jhe 
seeks the association of his fellows. 
are so accustomed to this association man 
we do not stop to think how much it 
means tous. We receive infinitely more 
from others than we contribute. 

Much of this comes to us casually, but 
especially in our technical work much 
more can be gained with a little careful 
attention. As a man advances and 
begins to make independent decisions, he 
finds that more and more of his time must 
be devoted to keeping informed on what 
is going on. Even a chance remark 
overheard may open up new possibilities 
of great importance. 

How may we keep open the channels 
through which comes valuable informa- 
tion such as this in the field of materials 
and testing? ‘Technical journals in the 
field of materials and their applications 
are important factors. Association with 
other persons familiar with the work, 
both as producers and consumers, pro- 
vides much information not given in the 
magazines, and gives an opportunity to 
discuss personal problems. 

Membership in at least one national. 
engineering society car¢fully chosen so as- 
to deal most directly with our problems is 
truly a necessity. The A.S.T.M. con- 
stitutes the best source of information 
and personal contacts with reference to 
materials and testing of any of the 
national bodies. The papers on ma- 
terials and testing presented before the 
Society at its annual and the district 
meetings are timely and authoritative. 
These meetings and those of the standing 
committees on standardization work also 
provide valuable contacts with many of 
the best technical minds on materials. 

In 1931, I read an editorial on the sub- 


business as a permanent thing, whose 
problems, once solved, will stay solved. 
Here are just a few of the familiar sweep- 
ing changes in demand recently. 

“The rise and decline of pee wee golf. 

“Pajamas, short skirts, bobbed hair 
and the rise of the barber and beauty 
specialist. 

“The effect of alloy steels on machine- 
tool design, and of welding and new ma- 
terials on product design. 

“Product and market study are as 
necessary a part of a business as the 
plant or the bank account. Particularly 
are alertness and flexibility necessary to 
meet the developments which are almost 
sure to follow our emergence into a new 
business cycle.” 

Keeping abreast of the times involves 
suitable contacts to bring us the current 
information, and the necessary flexibility 
to utilize it promptly. 


Characteristics for Different Classes of 
Work: 


The characteristics essential or desira- 
ble for the technical man engaged in 
work on materials differ, depending upon 
the branch of work in which he is en- 
gaged, that is, whether he be (1) a 
research engineer or scientist, (2) a 
laboratory technician, or (3) a so- 
called materials engineer, using the latter 
term in its more restricted sense. ont 


Research Engineer or Scientist 


The outstanding characteristics of the 
research engineer or scientist are many: 

1. An insatiable curiosity about physi- 
cal phenomena, material, and testing. 

2. A keen sense of observation. Many 
an important discovery has resulted from 
observing a peculiar phenomenon which 
had escaped the observation of others. 
The discovery of penicillin is a recent 
example. Dr. Alexander Fleming in 
ones of his experiments in bacteriology 
noted a distinct anti-bacterial effect of 
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of measurement (instrumentation). 


a mold which had spoiled one of his 
cultures. Further investigation showed 
that the liquid made from this mold was 
the best treatment for many of our most 
deadly infections. 

3. Analytical ability to interpret pro- 
perly the observed phenomena, mathe- 
matically or otherwise. 

4. Inventive ability. 

5. An interest in and knowledge of 
methods of measurement (in common 
with other testing work.) 

6. Optimism and continued enthu- 
siasm. If it were not for them most 
projects would be abandoned before the 
difficulties were overcome. _ 

7. Cooperative ability. In most cases . 
the aid of specialists in allied fields is 
required. 

8. The ability to stick to the main ob-— 
jective. It is easy to wander off into 
interesting but unprofitable byways. 

9. The ability to arouse interest and 
enthusiasm in others. Often a most dif- 
ficult problem is to get others to recog- 
nize the significance of his work and to’ 
take suitable action. 

10. Intellectual honesty. 


Laboratory Technician: 


The characteristics of the laboratory 
technician may be enumerated: | 
1. A thorough knowledge of methods . | 


2. Carefulness and accuracy, together 
with the ability to keep neat, complete, 
and concise records. 

3. Ability to write reports which will 
include the essential data, are accurate 
and readily understood. 

4. Ingenuity in devising new or set 


fied test methods to enable him to adapt 
the tests so as to determine the desired 
properties. 
5. Honesty in observing and reporting . 
results. 
6. A preference for using his hands 
rather than doing desk work. 
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7. A willingness to do routine work, 
as there will be much of it. 

8. A willingness to accept instruc- 
tions and orders, since laboratory work is 
largely a service function. Sometimes 
the instructions may seem unnecessary 
and even foolish, but there may be a 
good reason for them. 


Materials Engineer: 


The individual commonly character- 
ized as “materials engineer” is responsi- 
ble for the specifying and the applica- 
tion of materials. He should have the 
following attributes: 

1. An ability to grasp and a willing- 
ness to grapple with all manner of de- 
tail. 

2. Carefulness. 
a prime requisite. 

3. An ability to evaluate and inter- 
pret test results. 

4. A knowledge of industrial processes 
of manufacture. 

5. An appreciation of the need for 
standardization of materials, specifica- 
tions, and methods of testing. A knowl- 
edge of existing standards is almost a 
prerequisite. 

6. Ability to recognize the vital points 
in a problem. 

7. Good judgment, drawing conclu- 
sions only upon sufficient evidence. 

8. An inquisitive and observant mind, 
but not necessarily of the inventive 
type. 

9. A good personality, willing to coop- 
erate and having the ability to coordi- 
nate results so as to obtain agreement 
between conflicting ideas and personali- 
ties. He will have many dealings with 
other persons on the requirements and 
application of materials. 

10. Ability to write and speak clearly, 
concisely and accurately, giving all 
necessary information. The writer of 
specifications needs a good working 
knowledge of grammar, including 


Accuracy in details is 


punctuation, as the interpretation of 
specifications often depends upon the 
exact wording used, and upon the 
punctuation. 

11. Ability to listen (just as important 
as the ability to talk). 

12. Above all, the materials engineer 
should be a person of vision who can take 
advantage of any improvement in pro- 
cesses or materials and have the ability 
to appraise the application of these 
materials. 


SoME CONSIDERATIONS IMPORTANT TO 
THE TECHNICAL WORKER 


Let us now review some phases of the 
work on materials which should receive 
the attention of the technical worker. 


Utilizing Available Information: 


When any project is to be undertaken, 
the first, and very important operation is 
to ascertain what knowledge already is 
available on the subject. An essential 
part of the library should be indexes of 
articles relating to the work in question. 
Public technical libraries, or the libraries 
of the engineering societies and 
frequently engineers’ clubs, have valu- 
able indexes, as well as the publications 
themselves, on a wide variety of techni- 
cal subjects. 

Recently, a friend of mine inquired of 
another with reference to a problem that 
he was about to investigate, involving 
considerable testing. He was told that 
there was an excellent article on this 
subject in the A.S.T.M. Preceedings a 
few years before. The next time they 
met, this man thanked him for the in- 
form ition, saying that it had solved his 
problem and he found it unnecessary to 
carry out any further work on the sub- 
ject. Many other illustrations could be 
given where technical information 
already available has either solved the 
problem or given a good start to the 
investigation. 
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In addition to searching the literature, 
it is advisable to find out what other 
groups have done. For instance, if we 
are concerned with some work involving 
coat buttons, we should find out what 
the “Coat Button Committee” (or 
Society) has done on the subject. Too 
often other groups have started work 
which our Society already was carrying 
on, or even had completed. 


The Preparation of Specifications: 


Since the preparation of satisfactory 
specifications for materials and the 
development of suitable methods of 
evaluating properties are important 
problems with which many materials 
engineers are confronted, it is appropriate 
to record some thoughts on _ these 
subjects. 

As in other types of writing, specifica- 
tions have their own peculiar style, 
particularly adapted to the purpose for 
which the specifications are to ke used. 
The purchase specification has the im- 
portant function of giving all of the 
interested persons the same understand- 
ing of the requirements to be met: 

(a) The purchasing agent uses it as 
complete information in ordering. 

(b) The manufacturer receives from it 
information needed to enable him to 
manufacture the material. 

(c) The inspector follows it as a guide 
in determining whether the material has 
the required properties, following the 
prescribed methods of sampling and 
testing, thus avoiding either too lax or 
too rigid inspection. 

(d) The design engineer receives from 
it information as to the properties which 
he may expect in the material. 

These several uses must ke kept in 
mind in the preparation of the specifica- 
tions, so that misunderstandings, confu- 
sion, and delays will ke avoided. The 
following considerations should ke borne 
in mind: 
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1. A specification must descrike the 
requirements to Le met so clearly that 
they cannot ke misunderstood. This 
demands clear statements, logically ar- 
ranged. For material specifications, the 
standard form adopted by the A.S.T.M. 
is excellent and is being very extensively 
used. 

2. Brevity is a cardinal virtue, and 
the specification should be as concise as 
possible, consistent with clarity and 
completeness. 

3. In the selection of materials, com- 
mercial grades are preferable to special 
grades, as they usually are most readily 
available, their production has been care- 
fully standardized so as to provide a 


‘more uniform quality than is obtained 


with special materials, and being manu- 
factured in larger quantities, the cost is 
likely to be less than that of other 
materials of similar quality. 

4. Similarly, standard specifications, 
such as those prepared by the A.S.T.M. 
for commercial grades of materials 
should be used wherever practicable. 
Since both producers and consumers 
have participated in the preparation of 
A.S.T.M. specifications they are accept- 
abl: to both. Their requirements have 
been worked out with great care. If 
incorporated in a general specification, 
there is a distinct advantage in using the 
standard paragraphs covering the re- 
quirements for quality, exactly as written, 
as they have been found by experience to 
be satisfactory. 

5. It often is advisable to include 
methods of sampling for test, in order 
to insure obtaining representative sam- 
ples. 

6. The methods of test usually should 
be given in detail unless the test is 
one which has keen estaklished as stand- 
ard practice in the industry. As in the 
case of specificatiors it is desirable to use 


standard methods of test, if available, © 


such as those prepared by the A.S.T.M.., 
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for these have been carefully worked out 
and accurately described. Even what 
may appear to be a small and unimpor- 
tant difference in the method of making 
a test may cause a significant difference 
in the test results obtained. Therefore, 
it is important that tests by producers 
and consumers be made exactly in the 
same way so that results are comparable. 

7. The primary interest of both the 
producer and the consumer is in the per- 
formance of the material in service. 
Emphasis, therefore, should be placed 
upon the performance whenever practi- 
cable rather than upon the chemical 
composition, construction, or method of 
manufacture. It is desirable to give the 
manufacturer the greatest possible lati- 
tude to furnish material suitable for the 
desired application. By doing so he is 
given the opportunity to furnish the 
material best adapted for the purpose 
and sometimes at a reduction in price. 

8. A common fault in preparing speci- 
fications is to make them too drastic. 
The properties specified for the material 
should be those that will render it satis- 
factory for the intended application. 
Unnecessarily severe requirements are 
to the disadvantage of both the producer 
and the consumer, tending to delay pro- 
duction, increasing the cost, and in some 
cases limiting the supply. It is espe- 
cially important to use the standard 
commercial tolerances for dimensions 
where possible. Shop practice is based 
upon standard tolerances and the closer 
limits are likely to be difficult to obtain. 


Methods of Testing: 


The importance of methods of test in 
connection with our work on materials is 
not always fully appreciated. The only 
way to obtain accurate information 
about the properties of materials is to 
test them. As I have already pointed 
out the values obtained by test depend 
upon how the test is made, and in many 
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cases a difference in the test procedure 


cause significant differences in the results __ 
obtained. In order to be ablé to com- > 
pare the results of tests made in different 
laboratories, it is necessary that the 
tests be made in exactly the same way. 
The need for standard methods of test, 
therefore, is apparent. 
The standing committees of our So- 
ciety have done an outstanding work in 
preparing many standard methods of 
test for a large variety of materials. 
These test methods have been prepared 
with great care to determine accurately 
the desired property and so as to obtain © 
reproducible results. They should be 
used in all cases where they apply. 
For convenience, tests may be divided 
into two classes: 
First, acceptance tests. They are 
called for in the specification to deter- 
mine whether the material conforms to 
the requirements specified. These tests 
preferably should indicate whether the 
material will provide the performance — 
required in service. Sometimes it is not 
practicable to use a performance test for 
acceptance when it is unduly long or 
complicated, and sometimes we do not 
know how to make a test on the material 
which will clearly indicate performance. 
In such cases, after the material has been 
found suitable for the application, it is 
necessary to specify other tests which 
will control the properties of the material 
so as to insure that it will be of the 
quality that has been found satisfactory. 
The second class consists of the tests 
made to obtain information regarding 
the properties of the material, and may 
include tests made under various condi- 
tions such, for instance, as the properties 
at different temperature. ‘These tests 
aid in the selection of materials for 
specific applications by giving their 
properties which have a bearing upon 
their performance. They do not neces- 
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which seems slight and unimportant may 
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sarily have to be tests that can be made 
quickly, but may require considerable 
time and, perhaps, more complicated 
equipment than would be practicable for 
an acceptance test. 

With both classes of tests it is neces- 
sary for us to be able to judge the mean- 
ing of the test and to interpret the sig- 
nificance of the results obtained. 

It is advisable for the materials en- 
gineer to make a study of the tests he is 
using so as to have a clear understanding 
as to what they mean in terms of the 
various properties of the material and 
also in relation to its application. This 
is not always so easy. Our Society has 
recognized the necessity for an under- 
standing of the meaning of the various 
tests and has published considerable 
information of value along this line both 
as formal reports or as individual papers 
discussing the tests as applied to various 
materials. Many of the standing com- 
mittees are actively at work on this 
important subject. 


Interpretation of Test Data: 


In the testing of materials it may be 
said that the results obtained will be no 
better than the sampling will permit. 
That is, the sampling of the lot of mate- 
rial determines to a considerable extent 
the degree of reliability of the test. If, 
for instance, several non-homogenous lots 
of materials are mixed, such as apples, 
potatoes and carrots, and a sample is 
taken, that sample will not be necessarily 
representative of the entire mixed lot as 
it may consist only of apples. 

The subject of sampling is too involved 
a question to be discussed here, so I will 
refer you to the excellent articles which 
have been written on this subject. I 
simply wish to call your attention to its 
importance. 

The excellent “‘Manual on Presenta- 
tion of Data” sponsored by our Com- 
mittee E-1 on Methods of Testing gives 
the principles involved in this subject 
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and recommends practices to be fol- 
lowed. It describes means for con- 
densing the information contained in a 
set of observations and presenting the 
essential information in a concise form 
more readily interpretable than the 
unorganized mass of original data. 
While this is accomplished by statistical 
methods usually avoided by the average 
technologist, the procedure may readily 
be understood with a little study. It 
is very desirable for us to become ac- 
quainted with the basic principles in- 
volved in the effective presentation of 
data. In addition to enabling us to 
present the results of our tests, it also 
gives us a basis for determining whether 
the sampling and testing have keen done 
in such manner as to give us reliable data. 
The question of the number of tests 
to be made is an important consideration. 
Committee D-13 on Textile Materials 
has prepared for the guidance of its 
members a “‘Recommended Practice for 
Calculating the Number of Tests for 
Determining the Average Quality of a 
Textile Material.”” The number of tests 
to be made upon a lot of material is 
important as it determines the degree of 
accuracy with which the test data repre- 
sent the lot of the material tested. 


The National Societies: 


I have already briefly mentioned the 
valuable contacts which the national 
engineering and scientific societies offer 
to the materials worker. ‘These societies 
are making a great contribution to in- 
dustry and to its technical men indi- 
vidually. 

In reviewing the scope and activities 
of these organizations, I find a funda- 
mental similarity, but a distinct indi- 
viduality for each. ‘They have had a 
large part in the development of their 
respective industries. 

Their means of accomplishing their 
objectives are well expressed in the con- 
stitution of The American Society for 
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Mechanica! Engineers from which I 
quote as follows: 

1. Holding meetings for presentation 
and discussion of original papers. 

2. Publishing papers and reports and 
disseminating knowledge and experience 
of value to engineers. 

3. Developing and _ promulgating 
standards, codes,’ and recommended 
practices. 

Encouraging engineering research 
tests and other original work. 

5. Encouraging intercourse among en- 
gineers for the mutual exchange of 

and experience. 

The technical sessions of these socie- 
ties and their local section meetings 
throughout the country are of great 
value in disseminating information and 
in affording their members the oppor- 
tunity to present and discuss technical 
papers and to become acquainted with 

their fellows. 

_ Their standardization programs have 
been especially valuable in concentrating 
production on standard types and sizes, 
reducing the large variety of materials, 
parts, and equipment to the smaller 
number of sizes and capacities most 
needed, and also in the development of 
standard methods of test and recom- 
mended practices. 

The technical man will do well to de- 
termine the society most helpful in his 
work and become affiliated with it. He 
should take part in its activities, for the 
benefits he receives will depend to a 
considerable extent upon his interest 
and upon the contributions which he 
makes. That which he gives will be 
small in comparison with the profit he 
obtains from this association, for his 
contribution is that of one person or 
organization, while that which he 
receives may come from the entire mem- 
bership. There will also be a satisfac- 
tion derived from his association, with 
pleasure in the acquaintances he makes 
and some warm friendships. 

4 AD. 


Likewise, it is well for a company to 
encourage its men to participate in the 
national engineering society activities, 
and to hold a company memtership 
where this is possible. This brings to the 
company up-to-date information on the 
progress of events in its field of activity 
and also provides the opportunity to 
partiicipate in standardization work 
which produces much larger results by 
the cooperative effort than can he 
obtained in any one company. Also, 
opportunity is given for cooperative 
research, bringing results which a smaller 
company could not afford to develop in 
its own organization. 

These remarks include only a very 
small portion of what might be said to 
advantage on the subject of our personal 
efficiency and usefulness as_ technical 
men and women engaged in work on 
materials. While they are quite in- 
complete, it is my hope that they will 
serve to stimulate our thoughts so as to 
aid us in doing a better job. 

None of us, I am sure, has become as 
proficient as he might in “The Art of 
Being a Materials Engineer.” We have 
a great field in which to work; it is 
developing rapidly in many directions, 
giving us increasingly larger opportuni- 
ties. We also have the great privilege of 
association with our fellows in the 
A.S.T.M. There is no better fellowship 
or Society than ours. 

We are all partners in the great enter- 
prise of making this world a _ better 
place in which to live. This includes 
our own personal relations with each 
other, our duties as citizens, our ac- 
tivities in our respective companies, and 
our association together in the A.S.T.M. 

It behooves us occasionally to take 
account of stock, and see how we can 
improve our performance. 

We have received a great heritage 
from our fathers, and it is only right 
that our sons and daughters should 
expect an even better bequest from us. 
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ANNUAL REPORT OF THE EXECUTIVE COMMITTEE 


For the third successive year the 
Executive Committee presents its report 
to the Society with our country engaged 
in war—total war in every sense of the 
term. That such a war would have a 
profound effect upon the operations of 
this Society is obvious; but it is with a 
sense of gratification and pride in the 
accomplishments of the Society that the 
Executive Committee can report that all 
essential activities have not only beer 
carried on but intensified as an aid to war 
production and the conservation of ma- 
terials and resources. Some things of 
lesser importance to the war effort have 
been minimized or temporarily discon- 
tinued; emphasis has been upon those 
things the doing of which will contribute 
in one way or another to the winning of 
the war. Many of these latter will be 
obvious from the news of Society affairs 
in the ASTM BULLETIN, from the reports 
and papers at this meeting, and from the 
technical publications. Only a few of 
the accomplishments of the past year will 
be mentioned in this report. 

It may be well to refer to the statement 
of war-time ‘policy given in the report a 
year ago, under which the Society has 
been operating since Pearl Harbor, name- 
ly, to make available all of the Society’s 
facilities to assist the Government and 
industry in dealing with any problems 
within our traditional field of engineering 
materials. It can be said in brief that 
this policy has been intensively pursued 
this year along the lines discussed in 
earlier reports and that no effort or ex- 
pense has been spared to give assistance 
to either Government or industry. 
Meetings have been held to develop and 
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disseminate knowledge of materials, and 
publications covering those meetings 
have been printed as expeditiously as 
possible, often in the face of discouraging 
printing and binding difficulties. New 
specifications and methods of testing 
have been developed, and existing ones 
brought up to date for the 1943 Supple- 
ments to the Book of Standards and the 
several compilations of standards. The 
emergency alternate provisions and 
emergency specifications have continued 
to demonstrate their war-time valve, and 
it is worthy of note that even after the 
intensive emergency work of 1942-1943, 
during this past year there were 21 new 
emergency alternates issued and 19 
revised, 9 new emergency specifications 
issued and 4 transferred to tentative 
status, resulting in a total of 123 emer- 
gency alternates and 35 emergency speci- 
fications now in effect. 

The Society has continued to cooperate 
with the Federal specifications commit- 
tees, the various bureaus and depart- 
ments of the War and Navy Depart- 
ments, the War Production Board, and 
other Governmental agencies. Among 
the activities involved might ke men- 
tioned: Continued collaboration, espe- 
cially through Committee A-1 on Steel 
and many of its memters, with the 
National Emergency Steel Specifications 
project of WPB, of which the Secretary- 
Treasurer until recently was adminis- 
trator; the development of hardress 
conversion tables for steel; continued ac- 
tivity on specifications for copper-kase 
wrought and cast products, solders and 
bearing metals; specifications for special 
control quality aluminum-base alloy 
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die-castings; new specifications for elec- 
trodeposited coatings of lead on steel; 
revised specifications for rubber and 
synthetic rubber compounds for auto- 
motive applications, and various specifi- 
cations for such rubber products as hose, 
belts, gaskets, and cellular products, all 
of particular military significance; con- 
tinued work in the development of 
urgently needed tests and specifications 
for various types of plastics, supplement- 
ing the activities reported a year ago; 
development of specifications and grad- 
ing for mica, which has been one of the 
more critical minerals; information 
covering mildew resistance of textiles, 
resistance of fabrics to insects, and the 
value of mothproofing treatments, etc.; 
emergency provisions for soap and deter- 
gents specifications to aid in the con- 
servation of various critical chemicals. 

An accomplishment of special interest 
was the development at the request of 
the Ordnance Department of a method 
of test for color of U. S. Army motor 
fuel. This was done under the auspices 
of Committee D-2 on Petroleum Products 
and Lubricants by developing an aqueous 
solution of inorganic salts possessing 
the desired colorimetric characteristics, 
certified by the National Bureau of 
_ Standards, which provides a comparison 
standard for either laboratory or field 
use. An emergency method, ES — 32, 
was issued only three months after the re- 
quest was received; and although outside 
of its usual line of activity the Society at 
the request of the Ordnance Department 
has undertaken the marketing of this 
color standard to the Government and 
— at cost. 

Various committees and members of 
the Society have been able to contribute 
helpfully in War Production Clinics 
sponsored by WPB, two of which are 
noted later in this report. 

What has been said so far deals pri- 
matily with the value of the Society’s 


output—standards, reports and other 
publications—to the prosecution of the 
war, and the Executive Committee feels 
that the record is one in which the 
Society can take much pride. However, 
no reference to the Society’s contribution 
would be complete without mention of 
the fact that many members of the 
Society are serving either in the Armed 
Forces, in some agency of the Govern- 
ment or in industry in important and 
key capacities. Committees of the So- 
ciety have on frequent occasion given 
advice and comment on materials prob- 
lems and some have carried on special 
studies to ascertain facts and determine 
information that will be of help. The 
Society has responded to many requests 
for information and copies of publica- 
tions. 

For most of the past year the Secre- 
tary-Treasurer has continued his services 
in the War Production Board. It was 
evident after the annual meeting in 1943 
that the growing pressure and import- 
ance of the work of the Society would re- 
quire that he devote a greater proportion 
of his time to it, so that effective Septem- 
ber 1, 1943, he resigned as Chief of the 
Materials Branch of the Conservation 
Division, WPB, but continued as Chief of 
the Special Consultants Staff reporting to 
the Director of the Conservation Division. 
He devoted his time mainly to administra- 
tive and consulting services on specifica- 
tions and construction materials, and to 
his responsibilities for the National Emer- 
gency Steel Specifications project. About 
a third of his time was devoted to that 
work. It has now become necessary for 
the Secretary-Treasurer to devote his 
entire time to the affairs of the Society; 
he therefore resigned from the War 
Production Board effective May 31, 
1944. The close cooperation of the So- 
ciety and the WPB on specification mat- 
ters is being maintained from Society 
Headquarters. This cooperation is fur- 


= 
| 


ANNUAL REPORT OF THE EXECUTIVE COMMITTEE 


ther fostered through the appointment 
of President Harvey as Chief of the 
Special Consultant Staff. 

Believing that it is just as important to 
keep the Society’s specifications con- 
sistent with improving as well as de- 
preciating conditions with respect to the 
supply of critical and strategic materials, 
and realizing that in many places the 
need for conservation of materials and 
resources has been largely alleviated, the 
Executive Committee has directed all 
standing committees to review the emer- 
gency alternate provisions and emer- 
gency standards within their jurisdiction 
and report to this annual meeting their 
recommendations for continuance or 
cancellation of such emergency pro- 
visions and standards or, if desired, their 
transfer to tentative or standard status. 
Experience in recent months has indi- 
cated the need of the emergency proced- 
ure, but at the same time materials 
developments have just as clearly indi- 
cated that we no longer need some of the 
emergency provisions that were so neces- 
sary a year or two ago. The Executive 
Committee feels that the emergency pro- 
cedure should be used only where there 
is a real emergency, and a statement of 
policy will be formulated after a review 
of the reports of the standing committees 
referred to above. 


Special Study Committee. 


The foregoing section of the report 
touches upon the war activities of the 
Society. With it all, however, the 
Executive Committee—again referring 
to statements made in its report a year 
ago—is giving careful thought to the 
planning and carrying out of everything 
of fundamental importance to the welfare 
of the Society—for a sound, virile 
organization is essential at all times and 
especially so as we face a future that as- 
suredly will involve many post-war and 
peace-time economic adjustments and, 


as can already be seen, will introduce 
many important changes in materials and 
their applications of great significance to 
the Society. After many discussions 
along these lines the Executive Com- 
mittee has called to its aid the services of 
a Special Study Committee which it has 
appointed to review the activities of the 
Society critically and objectively, to 
examine and appraise all phases of its 
work in order to determine whether the 
Society is organized and functioning in 
the most effective manner best to serve 
its members, industry, and the nation 
at large now and in the years to come. 
The committee consists of eleven 
members of the Society, each of whom 
has had extensive experience in one or 
more technical phases of the Society’s 
work, as well as important executive 
and administrative responsibilities in the 
affairs of the Society. The committee 
is under the chairmanship of H. S. 
Vassar, Past-President of the Society; 
and the President and Secretary-Treas- 
urer serve ex-officio. The personnel of 
the committee is as follows: 
H. S. Vassar (chairman), Public Service 
Electric and Gas Co., Maplewood, N. J. 
A. G. Ashcroft, Alexander Smith & Sons 
Carpet Co., Yonkers, N. Y. 
P. H. Bates, National Bureau of Standards, 
Washington, D. C. 
A. ob Carpenter, B. F. Goodrich Co., Akron, 
Ohio 
TT. G. Delbridge, Atlantic Refining Co., 
Philadelphia, Pa. 
T. A. Fitch, Los Angeles Bureau of Standards, 
Los Angeles, Calif. 
J. H. Foote, Commonwealth and Southern 
Corp., Jackson, Mich. 
J. R. Freeman, Jr., American Brass Co., 
Waterbury, Conn. 
F. E. Richart, 
Urbana, IIl. 
J. R. Townsend, Bell Telephone Labora- 
tories, Inc., New York, N. Y. 
E. W. Upham, Chrysler Corp., Detroit, Mich. — 


University of Illinois, 


The Study Committee has been 
authorized to study any and all phases 
of the Society’s work and to prepare 
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comments, discussions, and recommenda- 
tions related thereto. It has been sug- 
gested that some questions may 
profitably be coasidered with respect to 
three periods of time: war, transition, 
and peace; and that policies and plans 
might be developed for these periods, 
taking account of any over-all economic, 
technical, and scientific planning that 
may develop through Government, in- 
dustrial, and technical agencies. The 
Study Committee will report directly to 
the Executive Committee. 


Committee Activilies: 


Reports of committees for this Annual 
Meeting speak eloquently regarding com- 
mittee activities during the year. Arti- 
cles in recent issues of the ASTM 
BuLLetiIn have kept the memkers cur- 
rently informed, and a review article 
planned for the next issue will summarize 
annual meeting activities. The current 
reports of Committee E-9 on Research 
and Committee E-10 on Standards deal 
with certain phases of committee work, 
hence this report will touch principally 
on new developments and certain ad- 
ministrative actions. 

Among new developments are expan- 
sion of the Society’s work into several 
new fields, namely, industrial aromatic 
hydrocarbons, metal powders and metal 
powder products, adhesives, and ply- 
wood and wood laminates. 

A new Committee D-16 on Industrial 
Aromatic Hydrocarbons was organized 
in New York, N. Y., on October 26, 1943, 
under the following temporary officers: 
J. M. Weiss, John M. Weiss and Co., 
Chairman; C. A. Lunn, Consolidated 
Edison Co. of New York, Vice-Chair- 
man; R. P. Anderson, American Pe- 
troleum Institute, Secretary. The scope 
of the committee is defined as: ‘“Nomen- 
clature, methods of test, and specifica- 
tions for industrial aromatic hydrocar- 
bons and related products boiling below 


400 F. for other than fuel purposes”; the 
products covered include various grades 
of benzene, toluene, xylene, solvent 
naphthas, and similar hydrocarbon prod- 
ucts. An account of the organization 
meeting and a list of the memters ap- 
peared in the December, 1943, issue of 
the ASTM Butietin. Five subcom- 
mittees have been formed and the com- 
mittee is already actively at work on its 
assigned task. 

The field of powder metallurgy has 
come rapidly to the fore in the fast 
several years. The great expansion in 
the use of metal powder products, 
notably for oil-less bearing applications 
but also in a host of other strategic 
places, was brought out in the Sym- 
posium on Powder Metallurgy at the 
1943 Spring Meeting of the Society, and 
clearly showed the need for development 
of standard methods of test and specifica- 
tions as applied both to the powders and 
the resulting compacts. Accordingly, 
the Executive Committee authorized the 
appointment of Committee B-9 on Metal 
Powders and Metal Powder Products 
with the following scope: “The formula- 
tion of specifications and methods of test 
for metal powder and metal powder prod- 
ucts.” The committee was organized in 
New York, N. Y., on February 22, 1944, 
and elected W. A. Reich, General Electric 
Co., as Chairman and W. R. Tceplitz, 
Bound Brook Oil-Less Bearing Co., as 
Secretary. An account of the meeting 
and the list of memkers appeared in the 
March, 1944, issue of the ASTM But- 
LETIN. Three subcommittees have 
organized and work on the committee’s 
problems is already actively under way. 

The formation of a new Committee 
D-14 on Adhesives has keen authorized 
by the Executive Committee with the 
following proposed score: ““Tke formula- 
tion of specifications, methods of test, 
and definitions of terms pertaining to ad- 
hesives, including synthetic resin ad- 
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hesives and those derived from animal, 
mineral, and vegetable sources.” The 
orgcnization meeting will be held at 
Society Headquarters on June 20, 1944, 
under the temporary chairmanship of 
T. R. Truax of the U. S. Forest Preducts 
Laboratory. Some twenty years ago 
consideration was given to the Society’s 
undertaking work on animal and other 
types of glues, but little interest was 
shown and the subject was not pursued. 
The development in recent years of 
various types of synthetic adhesives has 
stimulated interest in testing and specifi- 
cations, and applications in such fielus 
as plywood, laminates of various types, 
plastics, etc., have stressed the need for 
A.S.T.M. standards in this rapidly 
developing field. Opportunities for im- 
portant accomplishments lie ahead of the 
new committee. 

With respect to plywood and wood 
laminates, this important and rapidly 
developing field has been assigned to 
Committee D-7 on Timber with the 
understanding that the personnel of the 
committee will be suitably enlarged to 
include representative producers and 
consumers of these newer types of ma- 
terials. In the field of laminates it is 
intended to include both wood- and 
wood-base laminates. The scope of the 
committee is also being expanded to in- 
clude modified wood materials such as 
“impreg” and “‘compreg.” <A_ revised 
statement of scope is being discussed 
with the committee. Consideration is 
also being given to the status of the So- 
ciety’s work in the field of specifications 
and methods of test for materials that 
are used in the treatment of wood for 
such purposes as preservatives, water- 
proofing, fireproofing, and other similar 
modifying treatments. 

The scope of Committee C-8 on Re- 
fractories has been slightly modified by 
authorizing the committee to engage in 
the formulation of ‘‘classifications” of 


adjoining page. Unquestionably the 


refractories. The revised statement of 
scope reads: 

“The formulation of specifications, classifi- 
cations, methods of test and definitions of terms 
pertaining to those materials generally con- 


sidered to be in the field of commercial re- 
fractory products.” 


The scope of Committee E-4 on 
Metallography has been extended to 
provide for work on electron microscopic 
methods and electron diffraction meth- 
ods, also the work on thermal analysis 
has keen broadened to include all metallic 
materials instead of steels. The revised 
statement of scope reads: 


“Mcthods and technique of examination of 
all metallic substances by optical and electron 
microscopic methods and by X-ray and electron 
diffraction methods; methods and standards of 
measurement of grain sizes of and inclusions in 
metals and alloys; methods and recommenda- 
tions for photography as applied to metallog- 
raphy; methods of thermal analysis of metallic 
materials; definitions of terms relating to 
metallography.” 


The Executive Committee is engaged 
in reviewing the status of certain com- 
mittees in the Society that have been 
inactive, or less active than normally. 
It is recognized that while the war 
emergency has greatly stimulated the 
activities of most committees and espe- 
cially those dealing with critical ma- 
terials, it has interfered with the work of 
certain committees dealing with ma- 
terials and products that have perhaps 
less significance just now. Nevertheless 
it is essential that the Society’s commit- 
tee organization be kept virile and active 
and considerable attention will be given 
during the coming year to these and other 
phases of committee activities. 


District Committees and Meetings: 


Several very interesting meetings have 
been sponsored by the various district 
committees, each of these Leing noted in 
the table of A.S.T.M. meetings on an 
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A.S.T.M. MEETINGS JUNE, 1943-APRIL, 1944, INCL. 


Meeting 


Annual Meeting 


Place 


Date 


Notes 


Pittsburgh, Pa. 
William Penn Hotel 


June 28-July 1, 1943 


15 Technical Sessions 
245 Committee Meetings 
(1452 Attendance) 


Spring Meeting 


Cincinnati, Ohio 
Netherland Plaza 


March 2, 1944 


Symposium on Applications of Sye- 
thetic Rubbers® 
(About 600 in attendance at eac’ 


) of the 
two sessions.) 


A.S.T.M. Committee 
Week 


Cincinnati, Ohio 
Netherland Plaza 


February 28-March 3, 
1944 


148 Committee Meetings 
(745 Attendance) 


District or Local 
(Sponsored by 


Groups in Cities 


Indicated) 


Philadelphia, Pa. 


September 23, 1943 


Bristles from Casein” by T. L. McMee- 


in 
Acrylic Esters’ by C. H. Fisher 


Philadelphia, Pa. 


October 28, 1943 


A Look at Life and Motion—featuring 
development of the ultraviolet mi- 
croscope for use at high magnifica- 
tions. Participating were Drs. F. 
F. Lucas (the microscope and its 
use); Mary B. Stark (cancer); J. F. 
Mahoney (venereal disease research 
—life history of the syphilis spiro- 
chete with motion pictures). 

(500 attendance) 


Detroit, Mich. 


December 9, 1943 


Symposium on Corrosion with three 
by Robert M. Burns,° E. H. 
ix, Jr., and R. H. Brown® 
(600 attendance) 


Philadelphia, Pa. 


‘December 16, 1943 


Critical Instability by L. B. Tucker- 
man 
(100 attendance) 


Philadelphia, Pa. 


February 22 and 23, 


1944 


Symposium on Plastics;* 15 technical 
papers; two sessions. 

(450 and 650 attendance, respectively; 
two informal dinners—125 at each) 


Northern California (San 
Francisco 


March 15, 1944 


The Place of the National Engineering 
Society in Industry, by Dean 
Harvey 

General Activities of the Society by 
C. L. Warwick 

(125 attendance) 


Southern California (Los 
Angeles) 


March 20, 1944 


Textiles by Dean Harvey 

Specifications Work with the War 
Production Board by C. L. War- 
wick 

Grain Size Standards for Magnesium 
Alloys,? by C. H. Mahoney and A. 
L. Tarr 

(200 attendance) 


Chicago, Il. 


March 30, 1944 


Cleveland, Ohio 


April 14, 1944 


War Production Conference. 

A.S.T.M. Sponsored Panels on Stand- 
ards and Specifications; joint 
sponsor of others including plastics 
and protective coatings 

What of Engineering Materials in the 
Future by A. Allan Bates 

(140 attendance) 


Philadelphia, Pa. 


April 20, 1944 


Engineering Abroad, as Seen by Edi- 
tors of “Engineering News-Record”’ 
—Waldo G. Bowman and Edward 
J. Cleary 

(85 attendance) 


Northern California (San 
Francisco) 

(Jointly sponsored by 
Structural Engineers 
Assn. of Northern Cali 


fornia) 


May 2, 1944 


Portland Cement and the Distinctive 
Characteristics of the Five Differ- 
ent Standardized Types by P. H. 
Bates 

(125 attendance) 
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7.M. MEETINGS JUNE, 1943-APRIL, 1944, INCL:—Continued. 


Meeting Place Date Notes 
Ae e447 Southern California (Los May 8 1944 Cement and Concrete Standards and 
Angeles Their Application by P. H. Bates 
(200 attendance) 
— Western New York— May 9, 1944 Post-War Standardization,* J. B. 
Groups in Cities (Arranged by Affiliated En- Standardization in Canada by W. R. 
Indicated) —Cont gineering and Allied So- McCaffrey 
“ cieties of Ontario) : Contribution of the A.S.T.M. in the 
Field of Post-War Standardization 
by C. L. Warwick 
(250 attendance) 


* Issued as a separate publication. 


» Extended abstracts published in ASTM BuLLeTIN, No. 125, December, 1943, pp. 19 and 22, respectively. 


© Published in ASTM BULLETIN, No. 126, January, 1944, pp. 17 and 21, respectively. 
4 Published in ASTM Buttetin, No. 130, October, 1944, p. 15. 
¢ Published in ASTM Buttetin, No. 129, August, 1944, p. 15. 


outstanding meeting was that in Phila- 
delphia in February featuring a Sym- 
posium on Plastics held in two technical 
sessions on successive days in conjunc- 
tion with which there were two informal 
dinners. Other notable meetings include 
the one in Detroit in January featuring 
three papers on corrosion; those on the 
West Coast in the Northern and 
Southern California districts at which the 
President and  Secretary-Treasurer 
spoke; and while not a district meeting 
in the usual sense of that term, mention 
should be made of the extensive partici- 
pation of the Chicago District Commit- 
tee in sponsoring various panels in the 
War Production Clinic in Chicago in 
March. Probably the most unusual 
meeting was the one in Philadelphia in 
October on the general subject ‘““A Look 
at Life and Motion” with leading world 
authorities on microscopy, cancer, and 
venereal diseases describing the applica- 
tions of the ultraviolet microscope. 
Another meeting of particular interest, 
although again not strictly a district- 
sponsored affair, was the one in Toronto 
on May 9 sponsored by the Affiliated 
Engineering and Allied Societies of 
Ontario covering the subject “‘Engineer- 
ing Standards in the Post-War World.” 
Arranged by O. W. Ellis, President of the 
Affiliated Engineering Group, who is also 


Vice-Chairman of the A.S.T.M. Western 
New York-Ontario District Committee, 
the meeting was the first in Canada in 
which the Society has participated. The 
Secretary-Treasurer, one of three speak- 
ers, discussed the subject, ‘Contribu- 
tions of A.S.T.M. in the Field of Post- 
War Standardization.” Col. W. R. 
McCaffrey, Secretary of the Canadian 
Standards Association, in his address 
detailed various Canadian problems, and 
J. B. Carswell, President of the Canadian 
War Assets Corp., dealt with the im- 
portance of post-war standardization to 
the engineer. A detailed writeup was 
published in the May ASTM But 
and Mr. Carswell’s paper was published 
in the August BULLETIN. 

Accounts of the various meetings with 
notes on the technical features have ap- 
peared currently in the ASTM But- 
LETIN. 

President Harvey has been much 
interested in district activities and has 
attended many of the meetings. An 
effort has been made in all cases to have a 
member of the MHeadquarters staff 
present also. 

This year it was possible for the 
President and Secretary-Treasurer to 
make a somewhat overdue visit to the 
members in the Northern and Southern 
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California districts. A week each was 
spent with the Northern district centered 
in San Francisco and the Southern district 
centered in Los Angeles; district meetings 
were held, as noted elsewhere, also 
valuable conferences with the two dis- 
trict committees, with members of the 
Society, and with some of the newer and 
rapidly growing industries on the Pacific 
Coast, including especially the important 
aircraft industry. The Secretary- 
Treasurer also spent several days in New 
Orleans visiting with a number of our 
members in that city. 

During the year the New York Dis- 
trict Committee participated in the 
work of the Engineering Societies Com- 
mittee on War Production; the chairman 
of the district committee, Myron Park 
Davis, was especially active in arranging 
for speakers at the War Production 
Clinic held in that city in January. The 
Chicago District Committee formally 
became affiliated with the Chicago 
Technical Societies Council, with J. F. 
Calef and E. R. Young officially repre- 
senting the Society. 

The Executive Committee is pleased 
to note the marked increase in activities 
of the various district committees. It 
is anticipated that district groups will 
continue to occupy a most important 
place in A.S.T.M. work. 

Several of the district committees, 
through the individuals they have desig- 
nated as membership chairmen, have 
cooperated in stimulating interest in new 
members in their respective districts. 


National Meetings: 


In the accompanying table are listed 
all meetings of a national or district 
nature held during the past year includ- 
ing the 1943 Annual Meeting. Notes on 
some of the outstanding district meetings 
have been given in the preceding section 
of this report. The Annual Meeting in 
Pittsburgh in June and the Spring Meet- 


ing in Cincinnati in March are consicered 
outstanding events and some notes on 
these are desirakle for this record. 

Annual Meeting in Piltsturgh, June 28- 
July 1, 1943.—The Society’s Forty-sixth 
Annual Meeting was held in Pittsburgh 
under very stringent war conditior.s, Lut 
despite problems of railroad travel and 
the fact that a large numker of our mem- 
bers were under great pressure due to the 
stress of war production proklems, the 
meeting was outstanding. The third 
highest registration (1376) in the 
Society’s history was recorded; there 
were more technical committees con- 
vening (245) than during any other 
annual meeting week, and the technical 
sessions were of a high caliker. Our 
annual meetings are always marked for 
their concentration on busiress and 
technical matters, and the Pittsburgh 
meeting was particularly so, kecause, due 
to war conditions, no formal enter- 
tainment or social functions were keld. 
The success of the annual meeting is an 
indication of the importance with which 
the technica] representatives of industry 
and Government view tke fociety’s work 
in materials. 


Spring Meeling; Committee Week.—The 
1944 Spring Meeting in Cincinnati on 
Thursday, March 2, was featured by a 
Symposium on Applications of Synthetic 
Rubbers sponsored by A.S.T.M. Com- 
mittee D-11 on Rubker Products. This 
notable technical symposium, very timely 
because of the great importance of dis- 
seminating authoritative information on 
the use of synthetic rubbers, included 13 
technical papers by outstanding authori- 
ties. These papers and the discussion 
have been issued as a separate publica- 
tion. 

The Spring Meeting was keld as is 
customary during A.S.T.M. Committee 
Week. During this week tke Scciety’s 
technical committees hold their meetings 
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usually over a four- or five-day period and 
it is pertinent to note that in Cincinnati 
the meetings were over a six-day period 
extending from Monday, February 28, 
through Saturday, March 4. 

Another feature of this meeting was 
the joining of the A.S.T.M. members 
with the Cincinnati Technical and Sci- 
entific Societies’ Council in their annual 
meeting featuring an address by J. L. 
Collyer, President, The B. F. Goodrich 
Co. on “America’s Rubber Outlook.” 


t 
Publications: — 


The publication activities of the 
Society continued on a very high level 
despite the fact that the year was one of 
those intermediate between the ap- 
pearances of the Book of A.S.T.M. 
Standards. This was due partly to 
publication of new editions of a number 
of compilations of standards (to which a 
new one was added, namely, that on 
Paper sponsored by Committee D-6) as 
well as the issuance of several special 
publications, including the two Sym- 
posiums on Paint and Powder Metal- 
lurgy presented at the 1943 Spring 
Meeting. Two important symposiums 
have since been held, namely, the 
Symposium on the Applications of 
Synthetic Rubbers at the 1944 Spring 
Meeting, the publication of which was 
immediately taken in hand, and the very 
extensive Symposium on Plastics, spon- 
sored by the Philadelphia District Com- 
mittee in February, 1944, publication of 
which is planned in the near future. 

The special compilations of standards 
published in the past year are listed 
below: 


A.S.T.M. Specifications for Steel Piping 
Materials (Committee A-1), 45 standards, 
261 pages, 1800 copies, published annually. 

Manual of A.S.T.M. Standards on Refrac- 
tory Matcria's (Committee C-8), 29 standards, 
208 pages, 4000 copies. 


A.S.T.M. Standards on Petroleum Products 
and Lubricants (Committee D-2), 91 standards, 
452 pages, 5500 copies, published annually. 

A.S.T.M. Standards on Paper and Paper 
Products (Committee D-6), 37 standards, 144 
pages, 1500 copies. 

A.S.T.M. Standards on Electrical Insulating 
Materials (Committee D-9), 74 standards, 
514 pages, 1200 copies, published annually. 

A.S.T.M. Standards on Rubber Products 
(with Related Information) (Committee D-11), 
65 standards, 434 pages, 1500 copies, published 
annually. 

A.S.T.M. Standards on Textile Materials 
(with Related Information) (Committee D-13), 
79 standards, 468 pages, 1200 copies, published 
annually. 

A.S.T.M. Standards on Plastics (Committee 
D-20), 85 standards, 438 pages, 5000 copies. 

Selected Standards for Students in Engineer- 
ing, 264 pages, 8000 copies. 


The following regular publications 
were issued and distributed to the mem- 
bers: 


1943 Proceedings, 1357 pages, 5500 copies, 
published annually. In addition, preprints of 
reports and papers totaled 1074 pages, 1700 
copies. 

1943 Supplements to Book of A.S.T.M. 
Standards: 

Part I, 377 pages, 8700 copies. 
Part IT, 185 pages, 6750 copies. 
Part III, 561 pages, 6500 copies. 

A.S.T.M. Methods of Chemical Analysis of 
Metals, 330 pages, 5000 copies. 

Index to Standards, 218 pages, 18,000 copies. 

Year Book, 364 pages, 4300 copies. 

ASTM BuLtetry, six issues, August, 1943 to 
May, 1944, 444 pages, average edition, 7400 
copies. 


A statement of the volume of the 
principal publications for the past four 
years follows: 


er 1940, | 1941, | 1942, | 1943, 
Publications pages| pages| pages| pages 
1403 | 1388 | 1225 | 1356 
Book of A.S.T.M. Standards..| .... | .... | 4906] .... 
Seopa to Book of 
S.T.M. Standards ...... | 1445 | 1731] .... | 1095 
A.S.T.M. Methods of Chemi- 
cal Analysis of Metals . 331 


Index to A.S.T.M. Standards 

and Tentative Standards. . 172} 196} 206} 218 
Year Book... 320] 336] 352] 364 
Spring Meeting Symposiums. | 100 | 202] ... 


3440 | 3853 | 6689 | 3500 
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The following special publications were 
also issued: 


Symposium on Paint, 74 pages, 2000 copies. 

Symposium on Powder Metallurgy, 61 pages, 
2500 copies. 

Symposium on Mildew Resistance, 36 pages, 
1200 copies. 

Symposium on the Significance of the Hard- 
ness Test of Metals in Relation to Design (a 
reprint from Proceedings) 59 pages, 2000 copies. 

Symposium on the Identification of Water- 
Formed Deposits, Scales, and Corrosion Prod- 
ucts by Physico-Chemical Methods (a reprint 
from Proceedings), 39 pages, 2000 copies. 

Bibliography and Abstracts on Electrical 
Contacts (Committee B-4), 143 pages, 1200 
copies. 


Looking ahead into 1944 publications, 
the Executive Committee has made an 
important decision which has already 
been announced to the membership 
through the medium of the ASTM 
BULLETIN, namely, that the revised 
edition of the Book of A.S.T.M. Stand- 
ards will be published in 1944 instead 
of 1945, thus eliminating the 1944 Sup- 
plements. This important step has been 
made necessary by the rapid depletion 
of the stock of the 1942 Book of Stand- 
Whereas the number of copies of 
that book printed were expected to last 
into the fall of 1945 (the usual triennial 
period), rapid membership growth and 
more especially the increasing level of 
sales have been such that the supply of all 
three parts of the book will be com- 
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pletely exhausted by the end of this 
year. The standing committees were 
immediately advised of this decision, 
which was taken last January, in order 
that they might review and bring up to 
date all standards and tentative stand- 
ards, especially reviewing the emergency 


alternate provisions and emergency 
standards as mentioned earlier in the 
report. 


At the request of the Executive Com- 
mittee, Committee E-6 on Papers and 
Publications is examining carefully into 
the advantages and disadvantages of 
a proposal that the technical papers and 
discussions be published in monthly 
issues of “Proceedings” instead of an 
annual volume of Proceedings. Progress 
so far made in this study has emphasized 
its relationship to other publications of 
the Society, especially the ASTM But- 
LETIN which in recent years has been 
used as a means of publishing certain 
technical papers. Study is also being 
made of the methods of publishing 
committee reports and standards of the 
Society. 


Membership: 

The membership of the Society on 
June 1, 1944, was 5257, which is the 
highest in itshistory. Statistics showing 
gains and losses in various classes of 
membership are shown in the following 
table: 


Membership Losses Additions Total 
une 1,| June 1,| Resig- rans- | Trans- n- 
1943 1944 | nations 3 | Death fer fer tion Loss | Gain jcrease 
=) 
7 10 3 re 3 3 
Sustaining . 165 188 1 22 2 1 24 23 
Company, Firm, etc. . 1162 1311 22 9 23 9 194 54 203 149 
Individual, etc... 3444 3602 82 79 31 12 19 343 204 362 158 
Junior. . $17 137 4 1 18 47 27 47 20 
Total...... ee 4904 5257 109 92 32 53 53 586 286 639 353 
413 377 18 285 13 280 316 | 280 36% 
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THO 


a 
4 | it 
| b 
a 
€ h 
as 
A 
1 
Cc 
bs 
C 
F 
| G 
H 
- In 
In 
M 
N 
N: 
Pr 
| Pi 
Py 
Sk 
| Sh 
| or 


The net gain for the year of 353 
compares with 264 for the preceding 
year. Elections to membership were 
close to the highest in the history of the 
Society and numbered 586, exceeding 
those for the previous year by 96; losses 
from resignations and deliquencies were 
201 compared to 196 for the preceding 
year. Junior Members numbered 137 
and Student Members 377. 

There has been a net increase of 23 
in the number of sustaining members, 
bringing the total to 188. There were 24 
new sustaining members and one loss. 
Of the 24, 22 were acquired by transfer of 
existing company memberships and two 
are companies which had not previously 
held membership in the Society. The 
names of the new sustaining members are 
as follows: 


American Bosch Corp. 
Barber-Green Co. 
Bridgeport Brass Co. | shot, 


Casein Company of America, 
The Borden Co. 
Celanese Corporation 
Division 
Central Scientific Co. 
Cessna Aircraft Co. 
Consolidated Mining and Smelting Co. of 
Canada, Ltd., The 
Continental-Diamond Fibre Co. 
Fulton Sylphon Co., The 
Greiner Co., The Emil 
Humble Oil and Refining Co., Petroleum En- 
gineering Dept. 
Industrial Synthetics Corp. 
International Business Machines Corp. 
Kennecott Wire and Cable Co. 
Merry Brothers Brick and Tile Co. 
National Electric Products Corp. 
National Vulcanized Fibre Co. 
Permanente Cement Co. 
Pittsburgh Plate Glass Co. 
Precision Castings Co., Inc. 
Precision Scientific Co. 
Sharples Chemicals, Inc. 
Sheffield Steel Corp. 


The Executive Committee expresses 
on behalf of the Society its thanks to 
these companies for their willingness to 


Division of 


of America, Plastics 
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lend financial support to the Society’s 
activities through this form of member- 
ship. : 
The Executive Committee also ex- 

presses its thanks to the district com- 

mittees and the many members of the 
Society who throughout the year have 
aided so effectively in the acquiring of 
new members. 

The Executive Committee has elected 
to honorary membership in the Society 
the following three members: M. E. 
McDonnell, Chief Chemist (retired), 
The Pennsylvania Railroad Co.; Ru- 
dolph P. Miller, Consulting Engineer; 
and Hermann von Schrenk, Consulting 
Timber Engineer and Past-President of 
the Society. They will be presented to 
the Society for formal award of honorary 
membership during this annual meeting. 

In 1938 the Executive Committee 
established the plan of awarding at the 
annual meetings certificates commem- 
orating forty years of continuous mem- 
bership in the Society. Fifty-six such 


' certificates have thus far been awarded 
- and this year thirteen such awards will 


be made to the following members: 


W. F. Angus i 
Robert A. Cummings a 


Dominion Bridge Co., Ltd.: 
A. S. Wall “mie 
William R. Dunn 
Froehling & Robertson, 
Grant J. Durant av 
Illinois Central Railroad Co.: 
C. R. McEwen 
C. S. Reeve 


Alfred E. Roberts 
Herbert L. Sherman 
Frank N. Speller 
Sanford E. Thompson 
Tufts College Engineering School: 
F. N. Weaver 
Westinghouse Electric and Manufactur- 
ing Co: 
Dean Harvey 


The Society has lost the following 
members through death: 
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Menterhip ing” (budgeted) and “nonoperating”; 
Andrews, Frank M.............. —— details of special funds; and investment 
OS ee ree 1937 of Society funds, both book and market 
Dunham, L. 1938 values being given. 
Hatfield, William Herbert............ 1927 Total receipts from dues and entrance 
1928 fees in 1943 were $111,255.95, an in- 
Heitzman, James L...............0-. 1932 crease of nearly $10,000 over the pre- 
Herschel, ceding year. Receipts from sales of 
4938. Publications totaled $132,169.00—larger 
ec ninaiawinewawawnind 1933 by far than in any previous year. Sev- 
Linch, Harry A..........-00+0000005 1937 era] items contributed especially to this 
I Bo ininssiwidniwsaccnns 1921 total: the larze sale of the 1942 Book of 
Mille Willam Standards, Supplements, and Chemical 
Molsseif, Leon 1903 Analysis of Metals, grossing approxi- 
1912 mately $67,980; the sales of compilations 
Nicoll, James S.....-..--++-+++0++4: 1919 _ of standards, standards for students, and 
Perkins, William C.................. 1923 bringing the total sales of standards in 
|” Se eee 1937 all forms to about $102,200; and the sales 
Ripper, Kurt 1939 of special publications (exclusive of 
Schlueter, 4 ee 1940 compilations of standards) amounting to 
1936 about $18,800. Miscellaneous receipts 
7 ‘Stadler, John George................ 1934 amounted to $19,213.88, consisting frin- 
, Teeple, Charles Paul................ 1943 cipally of receipts from advertising in the 
Touceda, 1903 ASTM BuLLeTIN and Index to 


1902 
1936 


The list of deceased members includes 
many who had contributed in important 
ways to the advancement of Society 
affairs. Among them should be men- 
tioned Winslow H. Herschel, D. W. 
McNaugher, Leon S. Moisseif, William 
C. Perkins, Paul Rapp, Enrique Tou- 
ceda, and F. P. Veitch. 


Finances: 


Report for the Fiscal Year 1943—The 
annual statement of the finances of the 
Society follows in the report of the audi- 
tors for the fiscal year, January 1 to 
December 31, 1943. The report gives 
the balance sheet of assets and liabilities, 
including special and designated funds 
(that is, the Research Fund, Medal and 
Lecture Fund, and Committee Funds); 
statement of receipts and disbursements, 
which items are classified into “operat- 


Standards, receipts from interest and 
dividends, and registration fees. 

Total operating receipts were $262,- 
638.83. Operating disbursements with 
all current bills paid (as detailed in the 
auditors’ report) were $216,899.91, to 
which should be added the sum of 
$15,000 set aside from current funds for 
the reserve for the next Book of Stand- 
ards, which brings the total operating 
disbursements to $231,899.91. In- 
creased volume of publications, increased 
printing costs and enlargement of the 
Society staff, as well as the rising scale of 
prices generally, all contributed to this 
largest disbursements total in the So- 
ciety’s history; but notwithstanding, 
there resulted a favorable balance ke- 
tween operating receipts and disburse- 
ments of $30,738.92, which will ke used 
to cushion possible operating deficits in 
the future and to provide for suitable 
expansion of the Society’s work. 
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Attention is called to the fact that the 
disbursements include $2300 (approxi- 
mately one half the entrance fees) paid 
into the principal of the ResearchFund 
and $4175.95 paid towards the Em- 
ployees’ Retirement Plan. The latter 
amount includes $2524.04 covering the 
premiums for five years on three retire- 
ment policies taken out in May, 1943 as 
part of the Plan. There is also included 
nearly $3000 spent on emergency alter- 
nate provisions and emergency specifica- 
tions, which together with similar ex- 
penditures for 1942 of about $5900 totals 
about $8900 for this direct contribution 
to the war effort, for it has been the exi- 
gencies of war emergency that neces- 
sitated this work. 

The auditors’ report includes a state- 
ment of the financial condition of the 
Society for the past five years. The 
surplus in the general funds account, 
exclusive of special and designated funds, 
is $105,660.86, compared to $84,577.11 a 
year ago. This substantial increase is, 
of course, gratifying; but the true signifi- 
cance of surplus can only be seen in its 
relation to the level of operations of the 
Society, which can be expressed by the 
percentage ratio of surplus to operating 
disbursements. When these ratios are 
determined for the past five years, it is 
seen that although the dollar value of 
surplus has nearly doubled in five years, 
the ratio of surplus to operations of the 
Society has increased only from 38 to 46 
per cent. 

Attention is called to the amounts re- 
ported in the various funds under the 
statement of liabilities. There were no 
significant changes during 1943 in the 
Life Membership Fund, Headquarters 
Fund, or Publication Fund. The Book 
of Standards Reserve at $17,113.98 is 
made up of $2113.98 carried over from 
the previous reserve and $15,000 added 
from current income. The Executive 
Retirement Reserve at $6345 includes 
$3000 added from current income. An- 
other $3000 was added to the Retirement 
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Fund Reserve, bringing it to a total of 
$3288.95. During the year a Reserve 
Against Depreciation of Investments of 
$10,000 was established. 

Investments of Society funds as of 
December 31, 1943, are given in the 
auditors’ report, both book and market 
values being shown. The following 
changes during the fiscal year in the in- 
vestment portfolio are noted: 


GENERAL FUNDS 


Bought Cost 
$4000 U. S. Treasury Bonds 1964-69 $4000.00 
6000 U.S. Defense Savings Bonds, Series G 6000.00 


8000 U. S. Certincates of Indebtedness 8015.31 
3 shares American Cyanamid Co. 5% Sea 
Cumulative Pfd. (dividend) 


67 shares Philadelphia Electric 1185.06 
16 shares Public Service Corp. of N. J. 240.00 
100 shares Philco Corp. 2380.91 
50 shares Sperry Corp. 1510.00 
50 shares Texas Co. 2519.55 
52 shares Westinghouse Electric & Manu- 4914.26 


facturing Co. 


Sold 
$4000 New York, Chicago & St. Louis R. R. 
Bonds (Gain $381.79) 
3000 Alvin Progressive Federal Savings & 


Received 
$3187.40 


3000.00 


loan Assn. 

3000 Collingdule Progressive Federal Sav- 3000.00 
ings & Loan Assn. 

50 shares General Electric Co. (Loss 1833.84 
($172.41) 


RESEARCH FUND 
Bought 
$1500 U. S. Defense Savings Bonds Series G $1500.00 
33 shares Philadelphia Electric Co. 
9 shares Public Service Corp. of N. J. ¥ 
50 shares Sperry Corp. 1510.00 


Sold Received 


$2000 New York, Chicago & St. Louis R. R. $1593.69 
Bonds (Gain $193.43) 


No account has been taken in the ac- 
companying financial statement of the 
assets of the Society in the form of pub- 
lications in stock. An inventory of 
technical publications as of June 1, 1944, 
may be summarized as follows: 


Num- 
= S 
— 


Index to Proceedings, 6 parts, total........... 1602 
1942 Book of A.S.T.M. Standards: 


1943 Supplements to the Book of Standards: - 


Methods of Chemical Analysis of Metals....... 
Index to A.S.T.M. 
Selected Standards for Studznts in Engineering. 
Reprints of Standards (app-oximate).......... 
Special Reprints (approximate)...............-- 50 000 
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REPORT OF THE AUDITORS FOR THE FISCAL YEAR, + ‘t 


JANuary 1, TO DECEMBER 1, 1943 
Philadelphia, January 7, 1944, 
Mr. C. L. Warwick, Secretary-Treasurer 


AMERICAN SOCIETY FOR TESTING MATERIALS ' 
Philadelphia, Pennsylvania - 


Dear Sir: 


We have examined the books and accounts of your Society for the period from January 1, 1943 
to December 31, 1943. We did not make a detailed audit of all transactions, but made extensive 
tests to determine the accuracy of your records; nor did we verify accounts receivable by correspond- 
ence with debtors. 

We have prepared and submit herewith balance sheet as of December 31, 1943, statement of 
cash receipts and disbursements for the year ended that date, and other supporting schedules, all 
of which are in agreement with the records of your Society. In our opinion, these statements 
present fairly the financial position of the Society at December 31, 1943, and the results of its opera- 
tions for the year then ended. 

The investments owned by the Society as detailed herein were examined by us. All income 
_ from investments was properly accounted for. 


Respectfully submitted, 
Joun & Co. 
(Signed) Gwynn 
7 Certified Public Accountant 
BALANCE SHEET AS OF DECEMBER 31, 1943 


_ (Including Special and Designated Funds) 

ASSETS 

General Funds: 

Less checks drawn as of December 31, 1943— 
cost of 1943 Proceedings ($13 800.00), 1943 Sup- 
“ plements to Book of Standards ($17 500.00) and 
Emergency Alternate Provisions ($1 700. _ 


in hands of Secretary-Treasurer that date...... 33 000.00 
$29 220.41 
Investments (Market Value, $103 740.07)—Cost............. 111 136.68 
Total Current Assets—General Fund....................0ceeeeeeees $154 924.74 
Furniture and Fixtures (depreciated book 6 960.38 
Special and Designated Funds: on 
Dudley Medal and Marburg Lecture Fund.................... oS 
Investments: 
A.S.T.M. Research Fund (Market Value, $31 040.76)—Cost or 
Dudley Medal and Marburg Lecture Fund (Market Value, 
Committee Funds (Market Value, $6 292.50)—Cost............ 6000.00 
__46 382.93 
Total Assets Special and Designated Funds....................200ceeeeeeeees $60 557.64 
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LIABILITIES 
General Funds: 
5 394.17 
Total Current Liabilities—General Fund................. $5 569.02 
Executive Retirement 6 345.00 
Retirement Fund 3 288.95 
Reserve against Depreciation of Investments for Special 
156 316.10 
Special and Designated Funds: - 
A.S.T.M. Research Fund: 
Dudley Medal and Marburg Lecture Fund: 
ees 16 484.75 


60 557 .64 


CoMPARISON OF GENERAL Founps ror Fiscat YEARS 1939-1943, INCLUSIVE 
Assets Liabilities 
Furni R fo Miscel 
iscal Year urniture eserve for iscel- 
Cash Investments anc Book of laneous Surplus 

sraiee Fixtures ayable | Standards Funds 
ore $9 329.65 | $54.902.10 | $14 880.53 | $6467.27 $5 777.01 | $12000.00 | $9685.40 | $58 117.14 
_., Se 9 608.61 72 568.95 13 388.88 6 561.93 3 380.25 7 890.25 9 713.79 81 144.08 
1941. 18 206.61 88 001.45 14 120.99 6 440.58 3 937.44 13 890.25 12 907.43 96 034.51 
1942. 14 915.67 93 281.45 6 846.09 6 362.86 5 036.28 13 890.25 17 902.43 84 577.11 
REPS 29 220.41 | 111 136.68 14 567.65 6 960.38 5 569.02 17 113.89 | 33 541.26 | 105 660.86 
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RECEIPTS AND DISBURSEMENTS 
For THE Perrop ENpep DECEMBER 31, 1943 


Operating Receipts (Budgeted): 
_ Dues and Entrance Fees: 


$102 819.58 

Income, Life Membership Fund..................... 150.00 

Sale of Publications: 

Book of Standards (Members, additional parts)....... 7015.50 

1939 Book of Standards & Supplements.............. 1 560.88 

Book Of Standards. 62 204.14 

1943 Supplements to Book of Standards.............. 764 .08 

Methods of Chemical Analysis of Metals............. 3 454.48 

Collective Index to Papers and Reports.............. 112.32 

Selected Standards for Students..................... 2 654.81 

Bulletin Subscriptions (Nonmembers)................ 505.55 

Special Reprints and Miscellaneous.................. 41 801.04 

Miscellaneous: 

193.00 

Interest and 4470.16 

Registration and other fees, Annual Meeting.......... 1 474.00 

Committee A-1 Technical Assistant.................. 788 .00 

$19 213.88 

Total Operating Receipts (Budgeted).......................-2.5. $262 633.83 

_Nonoperating Receipts (Not Budgeted): 

Investments, Matured or Sold....................... $11 021.24 

873.39 

Committee C-1 for Technical Assistant .............. 1 600.00 

Executive Retirement 225.00 

Retirement Fund 203.20 
Total Nonoperating $13 922.74 


Total Receipts 


Total Receipts and Cash Balance, January 1, 


$276 561.57 
$291 477.24 
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DISBURSEMENTS 
i Cp rating Disbursements (Budgeted): 
Publications: 
1943 Supplements to Book of Standards............... 18 914.872 
Emergency Alternate Provisions...................... 2 977 .82¢ 
Methods of Chemica] Analysis of Metals.............. 3 634.60 
Selected Standards for Students.....................-. 1 474.00 
Collective Index to Papers and Reports............... 310.40 
856.00 
Index to Standards and Tentative Standards........... 3 765.13 
Reprints (Reports, Papers, Symposiums, etc.).......... 22 505 .47 
Miscellaneous Printing (Authors’ Reprints, etc.)........ 363.19 
Expenses, Standing and District Committees..................... 3 689.78 
Traveling Expenses, Administrative and Special Committees. ..... . 3 573.75 
American Standards Assn. and Sectional Committees.............. 1 000.00 
4175.95 
Miscellaneous, Dues, Contributions. ................sccccccecees 605 .06 
Total Operating Disbursements (Budgeted).................... $216 899.91 
Nonoperating Disbursements (Not Budgeted): 


Refund of Excess Remittances. 871.10 

Purchase of Retirement 980.15 

Book of Standards 11776.27 

Technical Assistant Committee C-1................... 1 600.00 

Total Nonoperating $45 356.92 

4 * This amount includes $17 500.90 covering checks drawn against cost of the 1943 Svpplements to the 1942 Pook of 


A.S;T.M. Standards and $1 700.00 for Fmergency Alternate Provisions, but not actually paid on De: ember 31, 1943. 
This amount includes $13 800.00 covering checks drawn against cost of Proceedings bu not actually paid on Decem- 
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In addition to the general funds of the Society, the Secretary-Treasurer has on hand the following 


funds: 
A.S.T.M. RESEARCH FuND 
Uninvested 
a Total Invested Cash 
Principal Account: 
Receipts: 

Cc = A.S.T.M. on account of Current En- 

$36 042.12 $31293.23 $ 4748.89 
} Disbursements: Purchase of Securities................... +3 010.00 — 3010.00 
$36 042.12 $34303.23 $1 738.89 
. OW rite down of U. G. I. common stock to market value 
‘Balance, $35 496.82 $33757.93 $1738.89 
Income Account: 
Receipts: 
Interest and Dividends on Investments............... 1 144.77 $1 931.89 
Disbursements: 

Research Committee on Fatigue of Metals..................cecccecccceeceees 500.00 
DupLEY MEDAL AND MARBURG LECTURE FUND 

Balance, January 1, 1943: 
Principal—Investments (at $6 625.00 
Receipts 
Disbursements 
Engrossing 1943 Lecture $3.25 
$7 144.18 
r Balance, December 31, 1943: 
CoMMITTEE FuNpDs 
$876.59 
Committee A-5 on Corrosion of Iron and 3 101.28 
Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys. ....... 2 951.02 
Committee B-6 on Die-Cast Metals and Alloys....................... 2 869 .00 7 
Committee C-1—Cement Reference 600.32 
Committee C-9 on Concrete and Concrete Aggregates.................. 197.12 
Committee C-9 Sanford E. Thompson Medal Fund................... 440.25 
Committee C-15 on Manufactured Masonry Units.................... 351.86 7 
Committee C-18 on Natural Building Stones and Slate. . yo. 173.36 
Committee D-1 on Paint, Varnish, Lacquer, and Related Products .. . . . 82.50 
Committee D-2 on Petroleum Products and Lubricants................ 123.37 
Committee D-12 on Soaps and Other Detergents..................... 69 .00 
Committee D-13 on Textile Materials......................0.00000e 697 .29 
Committee D-13—Testing Textile Finishes.......................... 265 .38 
A.S.A. Sectional Committee on Specifications for Cast-Iron Pipe and 
Research Committee on Fatigue of Metals................. oer rer 359.21 


Accounted for as follows: 
Cash Balance, December 31, $10 484.75 


Investments—at cost. 


16 484.75 


tH 
6 000.00 
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INVESTMENTS 
AS OF DECEMBER 31, 1943 wo 
GENERAL Fcunps 


Number 
of & 
Shares 
or Par Cost or M arket 
Value Book Value a 
Bonds 
$3 000 Armour & Co. of Del., First Mortgage, 20-yr., 
Sinking Fund, Series e. 4’s due 1957.......... $2 955.00 $3 172.50 
9000 Balto. & Ohio R. R., Refunding and General 
Mortgage 5’s, Series 9 106.55 3 780.00 
2000 Cohimbia Gas & Electric Co., Debentures, 5’s 
2025.34 2 072.50 
500 Florida Power & Light Co., First Mortgage, 5’s, - 
4000 General Steel Castings Corp., First Mortgage, 
Series A, 54’s, due 1949..................... 3 610.00 4 060.00 
3000 Michigan Consolidated Gas Co., First Mortgage, 
do 2 925.00 3 127.50 
3000 Press Steel Car Co., Inc., 15-yr. Debentures, 
13 000 U. S. Defense Savings Bonds, Series Ge......... 13 000.00 12 597.00 
3 800 U. S. Treasury Bonds, 2}’s, due 1967-72....... 3 800.00 3 813.06 
4000 U. S. Treasury Bonds, 23's, due 1964-69........ 4 000.00 4 000.00 
8000 U. S. Certificates of Indebtedness, December, 
$52 797.20 $48 214.94 
Stock 
25 American Can Co., common................. 2 122.30 2087.50 
19 American Cyanamid Co., 5 per cent Cumulative 
50 American Cyanamid Co., Class B common...... 1 764.25 
100 American Radiator & Std. Sanitary Corp., 
25 American Tobacco Co., common............... 2 110.12 425.00 
100 Atlantic Refining Co., common, par value $25... . 2 302.50 550.00 
25 Colgate-Palmolive-Peet Co., $4.25 preferred... .. 2 525.C0 631.25 
50 General Telephone Corp., $2.50 preferred. ...... 2 675.60 593.75 
50 Great Northern Ry., $6 preferred par value $100. 1774.83 300.00 
2 510.64 656.25 
100 Mathieson Alkali Works, common, no par value.. 3 016.00 100.00 
20 G. C. Murphy Co., 43 per cent preferred citaes : 2 100.00 309.00 
25 J. C. Penney Co., 2 279.63 431.25 
67 Philadelphia E lectric Co. ns 1 185.06 465 .63 
116 Public Service Corp. of N. J., common......... 4 369.50 566.00 
25 Sears, Roebuck & Co., Capital................. 1 760.71 225.00 
200 United Gas Improvement Co., common......... 450.00 .00 
100 Westinghouse Elec. & Mfg. Co., common........ 8 930.71 


$58329 
$111 136.€8 
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2 A. S. T. M. RESEARCH Funp 
Number 
of . 
Shares 
; or Par 7 Cost or Market 
Value Book Value Value 
Bonds 
a $2 000 First Mortgage Real Estate, 1315-1317 Spruce . 
1000 Allis Chalmers Mfg. Co., Convertible Debentures, 
1500 Balto. & Ohio R. R. General & Refunding, 5’s, 
4 2000 Columbia Gas & Electric Co., Debentures, 5’s, 
’ 1500 Florida Power & L ight Ce o., First Mortgage, 
5’s, due 1954. 1 473.75 1528.13 
- 3 000 Republic Steel Corp., General Mortgage, Series . 
4500 U.S. Defense Savings Bonds, 4 500.00 4 389.00 
$16 945.85 $13 454.63 
Stock 
ad 12 Consolidated Edison Co. of N. Y. $5 preferred. . . 1 234.39 1 245.00 
29 Consumers Power Co. $4.50 preferred, no par 
98 General Motors Corp., common, par value $10¢. . 6 504.75 5 145.00 
30 G. C. Murphy Co. 43 per cent preferred......... 3 150.00 3 450.00 
33 Philadelphia Electric Co., common............. 583.70 721.88 
25 Pittsburgh Plate Glass Co., common............ 1 955.00 2 362.50 
9 Public Service Corp. of N. J.,common.......... 135.00 121.50 
100 United Gas Improvement Co., common......... 225.00 262.50 
$16 812.08 $17 586.13 
33 757.93 $31 040.76 
Mepar & Lecture FunpD 
$ 500 Balto. & Ohio R. R. Refunding & General Mort- 
gage, 6’s, Series C, due 1995. 550.00 - 235.00 
6 000 Balto. & Ohio R. R. Refunding & General Mort- . 
_.- gage, 5’s, Series A, due 1995................. 6 075.00 2 520.00 
$6625.00 $2755.00 
ComMMITTEE FuNps 
$5000 U.S. Treasury Bonds, 2}’s, 1947-45............ 5 000.00 176.56 
1000 U. S. Treasury Bonds, 1 000.00 1115.94 
$6 000 .00 $6 292.50 
@ Market values were taken from current financial publications with the exception of quotations on inactive or unlisted 
securities indicated by footnote *. These values were obtained from brokers as of December 31, 1943. oe 
: Market value is stated at redemption values as of December 31, 1943. ae 
7 © The income from these shares is, by agreement, paid to an annuitant. 


1944 Finances.—The Society’s opera- 
tions for 1944 are based upon estimated 
current operating receipts of $237,500, to 

_ which has been added from surplus for 
current operations the sum of $7000, 
4 bringing the total of budgeted receipts 


to $244,500. 


Receipts from dues and 


entrance fees are estimated at $113,500; 
receipts from sales of publications at 
$106,500; miscellaneous receipts, includ- 
interest and 
$17,500, 


ing advertising, 
are estimated at 


Disburse- 


dividends 
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ments have been estimated at $244,500. 
This amount provides fully for the 
normal operating expenses of the Society 
and for the increased publications ex- 
pense due to the republishing of the Book 
of Standards in 1944, a year ahead of the 
normal time. Adequate provision is 
made for all current publications, emer- 
gency specifications, activities of stand- 
ing and district committees, as well as 
provision for expansion of the Society 
staff. 

The Executive Committee reviews the 
budget of receipts and disbursements 
quarterly and makes any adjustments 
that may be necessary. One adjustment 
that has been made is to provide for the 
additional expenses that are being in- 
curred in expanding the Employees Re- 
tirement Plan as noted later in the 
report. 

From the surplus at the end of 1943, 
the Executive Committee has trans- 
ferred $1000 to the Headquarters Fund, 
$1090 to the Executive Retirement Re- 
serve, and $2000 to the Reserve Against 
Depreciation of Investments, bringing 
the totals of these three funds respective- 
ly to $6887.11, $7345, and $12,000. 

Since January 1, 1944, securities have 
been sold yielding $16,008.80 and in- 
vestments have been made in the sum of 
$26,159.29, including $12,000 invested 
in Government bonds. The total book 
value of Society investments as of May 
31, 1944, in all funds was $163,705.82. 
The market value of these securities on 
the same date was $160,208.41. The 
Society’s cash balance on May 31, 1944, 
was $139,014.74. 

After reviewing the practices of a 
number of the other technical societies, 
the Executive Committee has decided 
that its members should be reimbursed 
for their transportation expenses, sus- 
tenance during transportation and hotel 
expenses for one day in connection with 
the ee of the Executive Committee 


miums of approximately § $5950. Adding 
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held during the Annual Meeting of the 
Society. A revision of the Regulations 
Governing the Executive Committee in 
accordance with this action has been 
made. 


Retirement Plan for Employees: 


The Executive Committee has now 
found it possible to place the Employees 
Retirement Plan on a basis that more 
fully recognizes “‘past service credits” 
than had heretofore been possible be- 
cause of financial limitations. Effective 
on the sixth anniversary of the Plan, 
May 4, 1944, it was augmented by bring- 
ing retirement annuities up to approxi- 
mately 1 per cent for each year of service 
at retirement (figured as age 60 for 
women and 65 for men), based on the 
average of the five highest salaried years 
before retirement--except that no por- 
tion of any salary over $5000 has been 
included in determining retirement 
values. For this purpose, for all em- 
ployees participating in the Plan on 
April 30, 1944, who contribute 23 per 
cent of their salaries toward their retire- 
ment policy or policies (which 2} per 
cent is matched by the Society under the 
terms of the Plan), the Society will 
provide additional retirement policies in 
the Penn Mutual Life Insurance Co., 
the premiums for which will be paid by 
the Society alone, that is, “unmatched” 
by theemployee. The Society, under all 
conditions except actual retirement, re- 
tains all equity in any “unmatched” 
policy or “unmatched” portion of any 
policy. All employees _ participating 
must keep their contributions up to 23 
per cent of salary. Sixteen employees 
participating in the Plan as of April 
30, 1944, having agreed to these condi- 
tions and brought their own contribu- 
tions up to 24 per cent of salary, ‘“‘un- 
matched”’ policies have been acquired for 
these employees at total annual pre- 
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to this the amount of the Society’s 
matching of employees’ contributions, 
including several “‘partially unmatched” 


policies, approximately $2010, brings the » 


total annual contribution of the Society 
to the Retirement Plan to about $7960, 
which is roughly 9 per cent of the present 
salary roll and 3 per cent of the estimated 
current disbursements. The total of 
employees’ annual contributions, in- 
cluding insurance benefits which most 
of them have elected, is approximately 
$2145. 

Since April 30, 1944, one additional 
employee has entered the Plan, bringing 
the total number of participants to 18 
of the 20 eligible employees. The re- 
maining seven employees of the Society 
are not yet eligible for participation, 
having been with the Society less than 
one year. 

It must be remembered that the So- 
ciety and its employees are not included 
in the present Social Security Laws. To 
provide funds that would ke required for 
an estimated five years at present rates 
if these Laws are amended to include the 
Society and its employees, is the principal 
purpose of the Retirement Fund Reserve 
now totalling $3288.95. The Executive 
Retirement Reserve, which now totals 
$7345 by the addition last January of 
$1000 from surplus, is intended primarily 
to meet retirement needs that for various 
reasons cannot be provided through the 
policies in the Retirement Plan itself. 


Society Headquarters: 


The Executive Committee has ap- 
pointed a special committee of Phila- 
delphia members, consisting of Messrs. 
E. J. Albert, Chairman, G. H. Clamer, 
P. H. Dike, Alexander Foster, Jr., and J. 
F. Vodges, Jr., to study fully all the pros 
and cons of Society-owned versus leased 
headquarters and to report recommen- 
dations to the Executive Committee, 


with particular reference to the possibil- 


ity of acquisition of a suitable property 
in Philadelphia for a Society home. 


Cooperative Activities: 


The Society’s cooperative relations 
with other organizations have keen main- 
tained from the inception of its work and 
have continued along well-established 
lines. An illustration this year is the 
formation of an Inter-Society Council on 
Textile Research, to coordinate the 
interests and activities of a number of 
national organizations in research in the 
entire textile field. H. J. Ball, Past- 
President of the Society and chairman of 
Committee D-13 on Textiles, has keen 
named as the Society’s representative on 
the Council, with A. G. Ashcroft as 
alternate. Another example is the form- 
ation of a Joint Committee on Vapor 
Barrier Studies with the American So- 
ciety of Heating and Ventilating 
Engineers and the American Society of 
Refrigerating Engineers, in which the 
interests of A.S.T.M. through Committee 
C-16 on Thermal Insulating Materials 
are joined with those of the other socie- 
ties in an important research project 
sponsored by the War Production Board 
at. the University of Michigan. 

The cooperative work with the Society 
of Automotive Engineers on natural and 
synthetic rubbers for automotive and 
aeronautical uses, which is carried out 
through a joint committee that functions 
as Technical Committee A of Committee 
D-11 on Rubber Products, has keen 
strengthened by a reorganization of the 
committee personnel, dropping scme 
members who were no longer active and 
bringing in new members, especially 
several representatives of the aircraft 
industry. 

The Society has become an associate 
member of the Engineering College 
Research Association in order that it 
might keep more closely in touch with 


research activities going on in the 
colleges and universities of the country. 

To further its cooperative efforts with 
the American Foundrymen’s Association, 
the Executive Committee has appointed 
Sam Tour to represent the Society 
(through Committee B-7 on Light Metals 
and Alloys) on the Advisory Committee 
of the Aluminum and Magnesium Divi- 
sion of that Association. 

American Standards Association: 

The Society’s contacts with the Ameri- 
can Standards Association continue to 
constitute one of its most important 
cooperative activities. Information on 
the submission of new and revised stand- 
ards for approval as American Standard 
is covered in the annual report of Com- 
mittee E-10 on Standards. 

The Executive Committee has been 
examining some questions of a funda- 
mental nature regarding the relation- 
ships between the Society and the Ameri- 
can Standards Association. To this 
end it has placed certain questions before 
the Special Study .Committee, referred 
to earlier in this report, for its detailed 
consideration. The ASA has also ap- 
pointed special committees of its Board 
of Directors and its Standards Council 
for the purpose of reviewing policies and 
procedures and making recommendations 
for the future development of ASA. 
The Society is directly represented on the 
Council’s committee by one of its repre- 
sentatives on the Council, H. H. Morgan. 
This has afforded an opportunity for 
presentation of the Society’s views, which 
has been supplemented by conferences 
between officers of the Society and of- 
ficers of ASA. Moreover on May 5 the 
special committee of the Board of 
Directors held a conference with repre- 
sentatives of some fifteen member bodies 
of ASA, at which the Society was 
represented by Vice-President J. R. 


Townsend and the Secretary-Treasurer, 
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and at which opportunity was afforded 
for the presentation of the viewpoints 
and recommendations of the member 
bodies respecting ASA activities and 
procedures. 

In all of these conferences the views 
of the Society have been vigorously pre- 
sented, and the Executive Committee 
will continue to keep closely in touch 
with developments, working always to 
the end that the ASA shall ke as planned 
the central clearing house of American 
standardization activities in this country 
but not in itself a standardizing kody as 
such, towards which there seems to have 
been an undesirable trend, in the opinion 
of the Executive Committee. 

F. M. Farmer has been reappointed for 
a term of three years as an A.S.T.M. 
representative on the ASA Standards 
Council. R. P. Miller was reappointed 
on the ASA Building Code Correlating 
Committee. 


International Standardization Activities: 


There is in course of formation a 
United Nations Standards Coordinating 
Committee, memtership upon which is 
open to national standards associatiors 
of such of the united nations as may wish 
to participate in and support the work 
of the committee. The objectives are to 
promote the maximum possible coordina- 
tion and unification of standards neces- 
sary for the war effort and the immediate 
post-war period. The committee is to 
be established for a two-year period, 
with the understanding that its organiza- 
tion will be reviewed towards the end of 
that period. The American Standards 
Association, which is the accepted chan- 
nel for American collaboration in inter- 
national standardization affairs, has 
accepted membership on the Coordinat- 
ing Committee and has agreed to 
contribute $10,000 a year for two years 
towards the financial support of the 
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work. It is intended that the Coordi- 
nating Committee will maintain one 
senior staff officer in the United States 
and one in Great Britain, who shall 
cooperate as a single central office. 

The Executive Committee of the 
Society believes that the formation of the 
United Nations Standards Coordinating 
Committee is a desirable move, providing 
as it will a means of considering impor- 
tant international standardization prob- 
lems between now and the time that the 
pre-war international standardization 
bodies can be reconstituted. The 
Executive Committee has expressed to 
the ASA the interest of this Society on 
all questions concerning materials stand- 
ards that may come before the UNSCC 
and has asked that work to be done in 
this country on materials for interna- 
tional standardization be channeled to 
the Society as the logical member body 
of ASA to sponsor such activities. Con- 
sideration is now being given in ASA to 
the development of a procedure govern- 
ing relations with the UNSCC. 

The work in promotion of inter- 
American standardization through a de- 
partment of ASA, to which reference was 
made in the report a year ago, has con- 
tinued actively during the year with the 
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Society taking a formal part through 
membership of the Secretary-Treasurer 
on the ASA Committee on Inter-Ameri- 
can Affairs. An extensive report by C. 
T. Brady, Jr., the Latin-American field 
representative of the ASA on “Standard- 
ization Movement in Latin America” is 
an informative and useful document in 
this important movement. Interest of 
the Latin-American countries in A.S. 
T.M. standards continues to be active 
and an increasing number of A.S.T.M. 
publications are going to the standard- 
izing bodies and engineers of those coun- 
tries. Representations have been made 
by the Society to the ASA concerning 
the importance of the relationship be- 
tween the United Nations Standards 
Coordinating Committee above men- 
tioned and the development of inter- 
American standardization policies and 
procedures. 


Respectfully submitted on behalf of 
the Executive Committee, 
DEAN HARVEY, 
President. 
C. L. Warwick, 
Secrelary-Treasurer. 
— 


June, 1944. 
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OF COMMITTEE A-1 
ON 
STEEL 


Desp:te the opinion of Committee A-1 
on Ste2l as expressed at its March, 1942, 
meeting that changes in standards should 
be kept to a minimum during the war 
emergency, a rather large number of revi- 
sions are recommended in this report. 
They are occasioned by the fact that 
many are of much importance in connec- 
tion with the sustained high production 
of steel products and therefore should be 
made as soon as possible, and also by the 
advancement by one year of the publica- 
tion date of the new Book of A.S.T.M. 
Standards. It is desirable that the some 
130 specifications under the jurisdiction 
of Committee A-1 be as up to date as pos- 
sible and incorporated in the new Book of 
Standards in their latest form. 

Although some of the proposals involve 
the withdrawal of a few emergency alter- 
nate provisions and the incorporation of 
some of these requirements in the regular 
specifications, for the most part they are 
being continued. Many of the emer- 
gency provisions are covered by War 
Production Board Steel Limitation Order 
L-211 and its various schedules, and fur- 
thermore, the committee feels that with 
current steel-making practices based on 
widespread use of the provisions their 
availability and current standing should 
not be modified. There is little question 
but that eventually many of these provi- 
sions will be incorporated in the speci- 
fications. 

Meetings.—Most of the recommenda- 
tions on specifications incorporated in 
this report were developed at the exten- 
Sive series of meetings held in Cincinnati, 
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Ohio, on February 29 and March 1, 1944, 
during A.S.T.M. Committee Week, the 
only other series of meetings held by 
Committee A-1 during the year being 
those in Pittsburgh, Pa., on June 29 and 
30, 1943. To conserve the time of mem- 
bers, the customary series of meetings in 
January was not held, but during the 
year a number of meetings of sections and 
subcommittees have taken place. The 
attendance at all meetings has been high 
and there has been no diminution in the 
interest of the members. 

Personnel.—Since the 1943 Annual 
Meeting, 11 new members have been 
elected and 3 resignations accepted, the 
committee membership now totalling 
242, of whom 127 are classified as nonpro- 
ducers and 115 as producers; of the for- 
mer, 90 are consumers and 37 are general 
interest members. 

Losses by Death—During the year 
Committee A-1 has lost by death five 
members: L. H. Dunham, American 
Steel and Wire Co.; E. F. Kenney, Beth- 
lehem Steel Co.; Leon Moisseiff, Consult- 
ing Engineer; I. L. Pyle, Chesapeake and 
Ohio Railroad; and J. S. Richards, 
American Steel and Wire Co. Each of 
these men had contributed to the work 
of the committee. Mr. Pyle, as repre- 
sentative of a large consumer of steel 
and steel products, had participated in 
the work of several subcommittees; Mr. 
Moisseiff, a designer of many of the 
world’s largest bridges and steel struc- 
tures, was concerned with steel specifica- 
tions and participated in the work of 
Subcommittee II on Structural Steel. 
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He had been a member of the Society for 
almost 40 years and was a member of the 
committee for many years. With re- 
spect to the late Mr. Kenney, special 
mention should be made of his long-time 


and active service on Committee A-1 on 
Steel, and in the following notes on his 
" activities, the Steel Committee pays trib- 


ute to his work and records its apprecia- 
tion of his long-time and active service: 


RESOLUTION ON THE DEATH OF 
F. Kenney 


(1869-1943) 


In the death on July 8, 1943, of E. F. Kenney, 
Metallurgical Engineer, Bethlehem Steel Co., 
Bethlehem, Pa., Committee A-1 loses a member 
and officer who, for almost four decades had 
participated actively in its work. Producer 

' Vice-Chairman of the committee since 1926, he 
was honored at the June, 1943, meeting by elec- 

4 tion as Honorary Vice-Chairman. He had 
- served as chairman of Subcommittee I on Steel 

Rails and Accessories since its formation in 1912, 

and had served in various capacities in connec- 

tion with the activities of several other subcom- 

_ mittees concerned with structural steel, steel 
wheels and tires, plates for boilers and pressure 
vessels, and others. 


Following his early experience with the Penn- 
sylvania Railroad, he was Metallurgical Engineer 
for Cambria Steel Co. which was his position 
when he became a member of the Society in 1904; 
later he became affiliated with the Bethlehem 
organization. Mr. Kenney had been continu- 
ously affiliated with Committee A-1 on Steel 
longer, with one exception, than any other indi- 
vidual, and up until a few weeks before his death, 


was participating in the work. In this resolu- 
tion, Committee A-1 on Steel records its pro- 
found respect for his longevity of service, its 
appreciation of his many contributions to the 


work of the committee, and its keen regret at his 
passing. 


Representation on Other Committees.— 
P. G. McVetty, will represent Committee 
A-1 on Technical Committee IX on 
Designation and Interpretation of Nu- 
mericil Requirements, of Committee E-1 
on Methods of Testing. W. M. Barr, 
will represent Committee A-1 on Com- 
mittee E-3 on Chemical Analysis of 
Metals, and on Subcommittee VII on 
Chemical Composition, of Committee 


E-1. M.E. McDonnell, who has retired, 
is relinquishing his committee work. 


EMERGENCY ALTERNATE PROVISIONS 


Since the 1943 Annual Meeting, sev- 
eral emergency alternate provisions have 
been accepted by Committee E-10 on 
Standards on the recommendation of 
Committee A-1, some of which were 
referred to in the editorial note appended 
to the 1943 Report. Three, approved on 
August 30, 1943, involve the Standard 
Specifications for Electric-Resistance- 
Welded Steel Heat-Exchanger and Con- 
denser Tubes (EA —A 214a), Carbon- 
Steel Plates for Stationary Boilers and 
Other Pressure Vessels (EA — A 70), and 
Low Tensile Strength Carbon-Steel 
Plates of Flange and Firebox Qualities 
(EA - A 89). Six other emergency alter- 
nate provisions affecting certain plates 
used in boiler and other pressure vessel 
construction, providing for limited mark- 
ing of small plates, are being withdrawn 
and the requirements incorporated in 
the specifications as detailed in the 
Appendix. 

Steel Castings.-On April 26, 1944, 
emergency alternate provisions became 
effective involving three widely used 
specifications for steel castings for high- 
temperature service, A 95 (carbon steel), 
A 157 (alloy steel), and A 216 (carbon 
steel for welding). One part of the 
emergency alternates provides emer- 
gency hydrostatic test pressure require- 
ments which tie in with the American 
War Standard for Pressure-Temperature 
Ratings for Steel Pipe Flanges, Flanged 
Fittings, and Valves (ASA No. B16e5— 
1943) and clarify the time of testing, 
namely, after rough machining. This is 
the only problem in Specifications A 157, 
whereas in the other two emergency 
provisons, new grades are being added. 
In the more general specifications A 95, 
a new grade with tensile strength of 
65,000 psi.; yield point, 35,000 psi.; 
elongation in 2 in., 20 per cent; a reduc- 
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tion of area, 30 per cent, is being set up. 


A grade with similar properties, but with 
b modified chemistry is being established 


‘in Specifications A216 which covers 
-carbon-steel material suitable for fusion 
welding for service up to 850 F. In the 
latter specifications, two existing emer- 
gency grades for pressure-containing 
turbine castings are continued, the new 
grade EWCB being considered suitable 
for valves, flanges, and fittings. 


TENTATIVE STANDARD APPROVED 
DURING THE Past YEAR 


On the recommendation of Committee 
A-1, new Tentative Specifications for 
Carbon-Steel Seamless Drum Forgings 
(A 266-43 T) were accepted! by Com- 
mittee E-10 on Standards on November 
17, 1943. These specifications cover 
three grades of carbon-steel hollow drums 
and headers for use in boilers and for 
other pressure vessels and also for forg- 
ings for heads, covers, and plugs when 
forgings are desired for these parts. 
They were developed in a special section 
of Subcommittee VI on Steel Forgings, 
under the chairmanship of A. O. Schaefer, 
The Midvale Co., and serving with him 
were other producers and leading con- 
sumers of these products. 

While the specifications are partly an 
outgrowth of work on forgings in the 
National Emergency Steel Specifications 
Project, it has been evident for some time 
that an A.S.T.M. standard would fill a 
gap in the group of A.S.T.M. specifica- 
tions that are embodied in the materials 
section of the A.S.M.E. Boiler Code and 
which might supersede Specifications S-4. 
This was the only item in the materials 
section of the code which was not an 
A.S.T.M. specification. Specifications 
A 266 are more than a counterpart of 
Specifications S 4, since they cover auxil- 


1In submitting this recommendation to Committee 
E-10 on Standards Committee A-1 phen results of the 
letter ballot vote as follows: Of a total membership of 235, 
138 members returned their ballots, of whom 76 voted 
affirmatively, 0 negatively, and 62 members marked their 
ballots “not voting.” 
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lary forgings and a number of require- 
ments have been brought in line with 
latest manufacturing and fabricating 
techniques. In the development of the 
requirements there was evident a desire 
on the part of some users to include a 
definite restriction on the amount of alu- 
minum which might be used in killing the 
steel even though no previous require- 
ments had been considered. The final 
decision, somewhat of a compromise, met 
the approval of those concerned with the 
specifications. Briefly, this involves a 
requirement on grain size where the 
material is to be used at temperatures 
above 800 F. The McQuaid-Ehn grain 
size must fall in a range from 1 to 5. 


RECOMMENDATIONS ON SPECIFICATIONS 


The numerous specifications affected 
by recommendations submitted in this 
report to the Society are listed in Table I, 
which also records the committee vote. 
The recommendations being presented 
are detailed in the Appendix, with some 
explanations of the reasons for the 
proposals. 

Reaffirmation of Specifications—The 
various subcommittees have revised sev- 
eral standard specifications, which by the 
1945 Annual Meeting would have stood 
six years or more without revision, and 
several tentative specifications which 
have remained in the tentative status 
two years or longer without revision. 
Subcommittee II on Structural Steel for 
Bridges, Buildings and Rolling Stock has 
asked Committee A-1 to reaffirm five of 
its specifications, and the results of the 
letter ballot vote are recorded in Table I. 
Even though one of these specifications, 
A 7, covering structural steel for bridges 
and buildings, perhaps the most widely 
used A.S.T.M. standard, was modified in 
1942, the subcommittee still wishes to 
have them reaffirmed at this time. 

Each of the subcommittees has re- 
viewed its specifications, keeping in mind 
the 1944 publication date of the Book of 
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A TABLE I.—ANALYSIS OF LETTER BALLOT 
VOTE. 


Items 
Specifications for the materials 
indicated 


I. Revisions or TENTATIVE 
STANDARDS 


Lips Gage Structural lity 
Fiot-Rol lled arbon 
Stet (0.2499 — 0.1874 in. to 
0.0478 Thickness) (A 
245 - 42 
Light G Quality 
lat-Rolled Carbon Steel 
(0.0477 to 0.0225 in. in Thick- 
ness) (A 246 - 42 T). : 
Alloy-Steel Bolting Materials 
for High-Temperature Ser- 
vice from 750 to 1100 F., 
Metal Temperatures (A 193 - 
Heat-Treated Carbon-Steel 
Bolting Material (A 261- 


and Seamless 
Steel Pipe for High- Temper- 
ature Service (A 106 

Seamless Alloy- Steel Pipe for 
Service Temperatures 
~~ 750 $ 1100 F. (A 158 - 


Seamless Carbon- Molybdenum 
Allo -Steel Pipe for Service 
at Temperatures from 750 to 
1000 F. (A 206-42 T)... 

Carbon-Steel Castings Suitable 
for Fusion Welding for Ser- 
vice at Temperatures from 
to 1100 F. (A 216-42 

Alloy-Steel Castings 
for Fusion Welding for Ser- 
vice at Temperatures from 
= to 1100 F. (A 217-42 


II. TENTATIVE REVISIONS OF 
STANDARDS 


Alloy-Steel Forgings for Gen- 
oon! Industrial Use (A 237 - 

Carbon-Steel and_ Alloy- Steel 
243 - 43)..... 


ILI. REVISIONS oF 
ImMEDIATE ADOPTION 


Carbon-Steel Bars for Springs 
(A 14 - 42) 

Carbon-Steel Bars for Springs, 
with Special Silicon Require- 
ments (A 68 — 39) 

Welded and Seamless 
Pipe (A 53 - 42) 

Black and Hot-Dipped Zinc- 
Coated (Galvanized) Welded 
and Seamless Steel Pipe for 
Ordinary Uses (A 120 ~ 42) 

Low - Carbon Nickel - Steel 
Plates for Boilers and Other 
Vessels (A 203 - 


Steel 


Steel Plates for 
Boilers and Other Pressure 
Vessels (A 204 - 42) 
Boiler and Firebox Steel for 
Locomotives (A 30-42). ... 
Carbon-Steel Plates for Sta- 
tionary Boilers and Other 
Pressure Vessels (A 70 — 42) 
Carbon-Silicon Plates of Or- 
dinary Tensile Ranges for 
Fusion-Welded Boilers and 
— Vessels (A 


98 


98 


87 


89 


95 


94 


102 


102 


92 


93 


Nega- 
tive 


Ballots 


75 


75 


81 


77 


78 


79 


78 


78 


91 


81 
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Items 


Ili. 2vIstons STANDARDS,| 
ImmEDIATE | 


Chrome - Manganese - Silicon 
(CMS) Alloy-Steel Plates for 
Boilers and Other Pressure 
Vessels (A 202 - 39).... 

High Tensile Strength Carbon- 
Silicon Steel Plates for! 
Boilers and Other Pressure 
Vessels (Plates 4% in. and 
in Thickness) (A 212 - 


39). 

Alloy-Steel Bolting Material 
for High- Ser- 
vice (A 96 — 39) 

Multiple-Wear Wrought Steel 

Wheels (A 57 - 

Heat-Treated Wrought Steel 
Wheels (A 244 -42)..... 

Lap-Welded and Seamless 

teel and Lap-Welded Iron 
Boiler Tubes (A 83 - 44).... 

Electric - Welded 
Steel and Open-Hearth Iron 
Boiler Tubes (A 178 - 44). 

Pipe (A 211 - 

Electric - "Welded 
Steel Heat-Exchanger and 
Tubes (A 214- 

Electric - Resistance - Welded 
Steel Boiler and Superheater 
Tubes for High-Pressure} 
Service (A 226 - 44)......... 

Electric - Resistance - Welded 
Carbon-Molybdenum Alloy- 
Steel Boiler and Superheater 
Tubes (A 250 - 44 

Seamless Low-Carbon 
Carbon-Molybdenum Steel 
Still Tubes for Refinery Ser- 
vice (A 161 - 40) 

Seamless Cold-Drawn Inter- 
mediate Alloy-Steel Heat- 
Exchanger and Condenser 
Tubes (A 199 - 40)...... 

Seamless Intermediate Alloy- 
Steel Still Tubes for Re- 
tunery Service (A 200 - 40).. 

Seamless Carbon-Molybdenum 
Alloy-Steel Boiler and 


heater Tubes (A 209 - 42 
Medium-Carbon Seamless Steel 

Boiler and 

Tubes (A 210 - 40) ED 

Seamless Alloy- Steel Boiler 
and Tubes (A 
213 — 42 

Electric - Resistance - Welded 
Steel Pipe (A 135 - 42) 

Seamless Cold-Drawn Low- 
Carbon Steel Heat-Ex- 
changer and Condenser 
Tubes (A 179 -42)...... 

Seamless Steel Boiler Tubes 
for a Pressure Service 
(A 192 - 40)... 

Atomic - Hydrogen - Arc - 
Welded and Electric- 
Resistance - Welded Alloy- 
Steel Boiler and Superheater 
Tubes (A 249 - 42) 

Factory-Made Wrought Car- 
bon-Steel and  Carbon- 
Molybdenum-Steel 
Fittings (A 234 - 42 

Forged or Rolled A 


y-Steel 


Pipe Flan es Fit-) 


tings, and Valves and Parts| 
for Service at Tempera- 


Affirm- 
ative 


95 


92 


92 


92 


94 


94 


94 


94 


92 


tures from 750 to 1100 F. (A 
182 - 


87 
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TABLE I.—Concluded 


Affirm-| Nega- | Marked 
Items ative tive “Not 


III. Revisions or STANDARDS. 
IMMEDIATE ADoPTION—Cont’d. 
Carbon-Steel Castings for Mis- 
cellaneous Industrial Uses 
113 1 67 
Carbon-Steel and Alloy-Steel 
Castings for Railroads (A 
113 1 67 
Carbon-Steel Castings for 
Valves, Flanges, and Fittings 
for High-Temperature Ser- 


vice (A95-41)............ 102 1 78 
Alloy-Steel Castings for Struc- 
tural Purposes (A 148 - 42). 113 1 67 


Alloy - Steel Castin for 
Valves, Flanges, and Fit- 
tings for Service at Tem- 
peratures from 750 to 1100 F. 

Carbon-Steel Castings Suit- 
able for Fusion Welding for 
Miscellaneous Industrial 
— 48)... 113 1 67 


IV. ADOPTION oF TENTATIVE 
STANDARDS AS STANDARD 


Manganese-Vanadium Steel 
Plates for Boilers and Other 
Pressure Vessels (A 225 - 39 

Welded Alloyed Open-Hearth 
Iron Pipe (A 253-42 T), as 


93 0 79 
Welded and Seamless Steel 

Pipe Piles (A 252-42T), 101 
revise 80 0 

opper-Brazed Stee ubing 

(A 254-42T)....... ram 79 0 102 

V. WITHDRAWAL OF 
STANDARDS 

Carbon-Steel and Alloy-Steel i 

Blooms, Billets, and Slabs 

for Forgings (A 17-29)..... 105 0 68 
Forge-Welded Steel Pipe (A 

93 0 80 
Riveted Steel and Wrought- 

Iron Pipe (A 138 - 34)..... 86 0 87 


VI. REAFFIRMATION OF 


STANDARDS 

Steel for Bridges and Buildings 

(A7-42 107 0 66 
Structural Nickel Steel (A 

8 39) 99 0 74 
Mild Steel Plates (A 10 - 39) 110 0 63 
Structural Silicon Steel (A 

Structural! Rivet Steel (A 141 

99 0 74 
One-Wear and ‘Two-Wear 

Wrought Steel Wheels 

68‘ 0 89 
Steel Tires (A 26 - 39)........ 68 0 89 


Standards. In some cases the fact that 
emergency alternate provisions are in 
effect, thus to all intents and purposes 
modifying the standard requirements, 
has led the committees to continue a few 
specifications without change. Unques- 


tionably, when the war emergency is 
over, some changes in the regular speci- 
fications will ensue. 


NOTEs ON SOME ACTIVITIES OF GENERAL 
INTEREST AND ALSO ON SPECIFIC 
COMMITTEE PROJECTS 


The following notes are intended to 
give some idea of current projects being 
developed in Committee A-1 on Steel, 
some being of over-all interest; others 
being carried on in specific subcommit- 
tees and thus of interest to particular 
groups. 


Reorganization of the Committee: 


There have been discussions in the Ad- 
visory Committee of the possibility of 
rearranging the subcommittee structure 
so that all specification work in a certain 
field, for example on castings or on forg- 
ings, would be assigned to one subcom- 
mittee, thus avoiding overlapping juris- 
diction which is now present in several 
activities. At the same time, the com- 
mittee is considering the relationship of 
its work to that of other standing com- 
mittees in the ferrous metals field. a 
Magnetic Particle Testing: 

Although there has been greatly in- 
creased interest and concern with mag- 
netic particle testing and inspection in 
connection with many steel products, 
one particular problem has been of imme- 
diate concern, namely, the use of emer- 
gency specifications covering certain 
turbine and generator parts where mag- 
netic particle testing is required. Obvi- 
ously a standardized procedure and some 
general recommendations are desirable 
and also uniform practice with respect to 
interpretation would be salutary from 
the standpoint of both the producer and 
consumer of the material. ‘To develop a 
recommended practice, a special section 
was appointed with the consent of the 
Society’s Executive Committee, in June, 
1943. ‘To those concerned with heavy 
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forgings a draft of the procedure is being 
distributed. Meanwhile, definite inter- 
est has been expressed in the field of steel 
castings and another group has drafted a 
recommended procedure involving mag- 
netic particle inspection of steel castings. 
Coordination of the various thoughts and 
practices must be considered. With so 
many different techniques being used, it 
is quite obvious that some authoritative 
statements in this field would be con- 
structive. 


Tests for Hardenability of Steel: 


The Special Subcommittee on Harden- 
ability, E. W. Upham, chairman, has been 
following developments in connection 
with the very widespread use of the End- 
Quench Test for Hardenability of Steel 
(A 255 — 42 T) which includes a descrip- 
tion of the method and necessary equip- 
ment, and an arithmetic chart for plot- 
ting hardenability curves. Some minor 
changes were made in the chart when it 
was last reprinted in order to facilitate 
the recording of data. Some additional 
proposals have been made relating to the 
design of the chart and these are being 
considered by the subcommittee. 


Steel Rails and Accessories: 


In order to utilize heats made in con- 
nection with war orders, which would 
comply with all requirements of the 
Specifications for Quenched Carbon- 
Steel Joint Bars (A 49 — 39), except man- 
ganese, it had been proposed to issue an 
emergency provision permitting an in- 
crease in the manganese content from 
“9.89” to read “1.00” max. per cent. 
Following correspondence in Subcommit- 
tee I and contacts with the American 
Railway Engineering Association with 
which the manufacturers also had been 
in touch, it was decided to lay this matter 
on the table pending an investigation of 
bars with higher manganese. Whether, 
with higher permissible manganese, the 
optional bend test should be made man- 
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Structural Steel for Bridges, Buildings, 
and Rolling Stock: 


Some time ago interest in weldability 
of structural steel and the possibility of 
establishing specification requirements 
led to the organization of a section which 
developed proposed requirements includ- 
ing limitations on carbon and manganese 
with diminished physical properties as 
thickness increased. No action was 
taken on the proposals but now there is 
renewed interest in the subject and this 
section will renew its studies in coopera- 
tion with Subcommittee XXV on Weld- 
ing of Steele 


Emergency Specifications for Heavy 
Forgings.—Increasing use of the seven 
emergency specifications (ES-21 to 
ES — 27, inclusive) covering heavy forg- 
ings for turbine and generator applica- 
tion and consequent desirability of 
changing the status of these to regular 
A.S.T.M. tentative standards has re- 
sulted in the formation of a special sec- 
tion under the chairmanship of N. L. 
Mochel. This section will give con- 
sideration to such changes in the speci- 
fications as may be necessary; and when 
agreement is reached to make appro- 
priate recommendations to Subcommit- 
tee VI looking toward action at the June 
meeting or through Committee E-10 on 
Standards and possible publication of the 
specifications as tentative in the 1944 
Book of Standards. The development of 
these emergency specifications in a rela- 
tively short time to expedite production 
of some of our most strategic products 
has been considered a most constructive 
effort and although the work was done 
through a National Emergency Steel 
project, a preponderance of the member- 
ship was active in Subcommittee VI. 
There has been a tremendous reduction 
in the various chemical analyses of steels 
used, standard tests have been agreed 


Steel Forgings: 


1 See Editorial Note, p. 71. 
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upon, and as a result of the meetings and 
discussions, there has come about a much 
better understanding of mutual problems 
by the consumer and producer. 

Welding.—Discussion of the justifica- 
ticn of establishing certain specific re- 
quirements involving welding conditions 
of forgings which are covered by the 
Standard Specifications for Carbon-Steel 
and Alloy-Steel Ring and Disk Forgings 
(A 243 - 43) limiting, as is usually the 
case, the carbon and manganese content, 
resulted in a decision to make no change. 
At present, the specifications do not 
include a requirement for carbon (only 
manganese, phosphorus, and sulfur) but 
agreement between the manufacturer 
and the purchaser may be invoked for 
other elements including, particularly, 
of course, the various alloys going into 
the alloy steels. 

Miscellaneous.—For some unknown 
reason, when the emergency provisions 
EA — A 236a on Carbon-Steel Forgings 
for Locomotives and Cars were estab- 
lished providing for new classes H and J 
for quenched-and-tempered forgings with 
relatively high physical properties, the 
smaller size classifications, up to 4 in. and 
from 4 to 7 in. in diameter were not 
included. ‘The section in charge is being 
asked to review this and make recom- 
mendations. 

A special section under the chairman- 
ship of L. H. Fry has been asked to study 
and report on questions involving a 
clause providing for retests in case of 
defective specimens.! 

Material for Reforging—A most im- 
portant current activity in the field of 
forgings involves a clarification and 
recommendation of newer developments 
on the requirements for blooms, billets, 
slabs, etc., for reforging purposes. 

In 1939 and 1940, very intensive work 
in four special sections was carried out 
leading to the publication of four speci- 
fications A 235 through A 238, covering 
carbon- and alloy-steel forgings for in- 
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dustrial and railroad use, thus clarifying 
a rather chaotic specification sitvation. 
At the same time it was realized the 
requirements on materials for reforging 
purposes should be modernized which led 
to the development of Tentative Speci- 
fications for Blooms, Billets, and Slabs 
for Reforging Purposes (A 248 - 41 T). 
With the war came the necessity of mak- 
ing every move to expedite production of 
heavy forgings used in generator and 
turbine work, shafts, etc., which led to 
the development of Emergency Specifica- 
tions ES - 21 to ES- 27. Also involved 
was the necessity of further clarification 
of materials for reforging particularly ap- 
plicable to these emergency specifications 
and a joint NESS section had drafted 
proposals which it was subsequently de- 
veloped might appropriately be expanded. 
A conference in November of those con- 
cerned, including the officers of Com- 
mittee A-1 and Subcommittee VI, author- 
ized the appointment of a special section 
headed by L. E. Ekholm with A. O. 
Schaefer as vice-chairman to draft a 
standardized and consolidated specifica- 
tion on blooms, billets, and slabs, this to 
incorporate specific chemistry require- 
ments, permissible tolerances on chemis- 
try, and where specially invoked, certain 
supplementary requirements are to be 
included such as incidental alloy content, 
restricted chemical composition, discard, 
homogeneity tests, hardenability, inclu- 
sion requirements, etc. Intensive work 
on the part of Messrs. Ekholm and 
Schaefer resulted in a draft which was 
distributed to the section and discussed 
at length in Cincinnati. This resulted in 
two specifications and these are now 
being prepared and will be submitted to 
the section and Subcommittee VI for 
approval and it is hoped will appear in 
the 1944 Book of Standards.! 


Steel Castings: 


In addition to the problem of magnetic 
particle testing and inspection, as dis- 
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cussed previously in this report, there is 
another perplexing matter on which a 
special section is conducting studies— 
that of stray, residual elements in cast- 
ings, which, because of the current war 
situation has been a matter of increasing 
concern, particularly as it involves the 
weldability of steel. There was extended 
discussion of this problem at the March 
meeting in Cincinnati, and although no 
decision was reached, there was a con- 
structive airing of various viewpoints. 
Also a special section to investigate the 
matter was authorized. 


Steel Tubing and Pipe: 


Wall Thickness of Double Extra Strong 
Pipe.—As a result of discussions in Sub- 
committee LX, the manufacturers of dou- 
ble extra strong pipe, covered in the 
Specifications for Welded and Seamless 
Steel Pipe (A 53 — 42) and for Black and 
Hot-Dipped Zinc-Coated (Galvanized) 
Welded and Seamless Steel Pipe for Ordi- 
nary Uses (A 120-42) have been con- 
sidering a proposal to set up reduced wall 
thicknesses which would conform essen- 
tially to those of schedule 160 material. 
Recommendations from those producing 
these materials are expected. 


Electric-Resistance-Welded Tubing.— 


_ As a result of extended discussion at the 


‘March meeting of Subcommittee IX con- 


cerning failures in certain refinery opera- 
tions of electric-resistance-welded tub- 
ing, a special committee of consumers 
and producers was appointed to investi- 
gate this matter, and at an extended 
two-day meeting developed certain rec- 
ommendations which are being given 
further consideration. Eventually they 
will result in modifications in some of 
the applicable specifications. Appar- 
ently some of the tubing which was fur- 
nished was not purchased in accordance 
with standard requirements, and was 
used only because of the emergency 
situation. 


a 


REPORT OF COMMITTEE A-1 


Modifications in Chemical Require- 
ments of Cerlain Austenitic Steels.— 
Either as an emergency or a regular 
recommendation, some of the require- 
ments as to chemical composition involv- 
ing the straight 18 per cent chromium, 8 
per cent nickel steel, and the modified 
composition with molybdenum (for ex- 
ample, grades T 8 and T 20, respectively 
in tube specifications A 213) need modi- 
fication. It was decided that the joint 
committee preparing specifications for 
stainless pipe and tubing for pressure 
applications would be asked to make 
recommendations. 

Stainless Tubing.—The joint subcom- 
mittee headed by J. J. B. Rutherford 
has held certain meetings and there is 
substantial agreement on proposed speci- 
fications for stainless tubing for applica- 
tions in the food and dairy industries, for 
general purposes, and also material for 
use in the oil refinery field.'. This work 
is being carried on as a joint activity of 
Committee A-1 and Committee A-10 on 
Iron-Chromium, Iron-Chromium-Nickel 
and Related Alloys. 

Service alt High Temperatures of Deoxi- 
dized Acid-Bessemer Seamless Pipe.— 
Work is under way by a number of pipe 
fabricators on obtaining information 
through shop fabrication tests on proper- 
ties of deoxidized acid-bessemer seamless 
pipe. A joint subcommittee consisting 
of members from Subcommittee TX. on 
Steel Tubing and Pipe and Subcommittee 
XXII on Valves, Fittings, Piping and 
Flanges for High-Temperature Service, 
under the chairmanship of A. Hurtgen, is 
attempting to correlate data and infor- 
mation. A’ series of tests have heen 
carried out at the National Bureau of 
Standards on behalf of the U. S. Coast 
Guard which is concerned with certain 
problems. At the Spring Meeting in 
March through the courtesy of the Coast 
Guard an informal report was submitted. 
The pipe fabricators have not completed 
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their extensive work but a report is 
anticipated. The joint group, it is 
hoped, can have a complete report for 
the June, 1944, meeting. Some com- 
ments on this report will appear in the 
1945 Committee A-1 Report. Essen- 
tially the report indicated that the in- 
vestigation in so far as the scope was 
concerned showed no reason to delete 
acid-bessemer seamless pipe from the 
Standard Specifications A 53 (Welded 
and Seamless Steel Pipe) or A 106 
(Lap-Welded and Seamless Steel Pipe 
for High-Temperature Service) because 
of fabrication difficulties or other causes 
which the subgroup investigated. 


Rounding Off Decimals: 


Because of the lack of uniformity in 
certain specifications and among the 
various subcommittees of Committee 
A-1 with respect to rounding off decimals 
which extend beyond three figures, 
Subcommittee IX on Steel Tubing and 
Pipe voted to embody the principles 
covered in the A.S.T.M. Recommended 
Practices for Designation of Numerical 
Requirements in Standards (E 29- 
40 T). In line with this action, certain 


EDITORIAL NOTE 


; Subsequent to the Annual Meeting, Committee A-1 presented the following 
recommendations to the Society through Committee E-10 on Standards: 


Tentative S pecifications for: 


Carbon-Steel Blooms, Billets, Slabs for Forgings (A 273 - 44 T), 
Billets, Slabs for Forgings (A 274 44 re) and Alternate Prov rovisions 


Tentative Methods for: 


Magnetic Particle Testing of Commercial Steel Castings (A 272 - 44 T), : 
Magnetic Particle Testing and Inspection of Heavy Forgings (A 275 - 44 T), - 


Withdrawal of Tentative Specifications for: 


Carbon-Steel and Alloy-Steel Blooms, Billets, and Slabs for Forgings (A 248 - 41 T), 


Revision of Tentative Specifications for: 


Seamless Alloy-Steel Pi 
Carbon-Stcel Seamless 


Tentative Revision of Standard Specifications for: 


Steel for Bridges and Rulings (A 7 - 42), 
Mild Steel Plates (A 10 - 


Low-Alloy Structural Steel (A 242 - 42 
)s 
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for Service at Temperatures from 750 to 1100 F. (A 158 - 42 T), 
rum Forgings (A 266 - 43 T), 


Low Tensile Strength Md Steel Plates of Structural ated for W — (A 78 - 43), 


editorial changes are being made in the 
Standard Specifications for Welded and 
Seamless Steel Pipe (A 53-42) and in - q 
the Emergency Alternate gl 

for Electric-Fusion-Welded Steel Pipe 

(EA — A 139a). 


The election of officers for the ensuing 
term of two yedrs resulted in the selection 
of the following: 


Chairman, N. L. Mochel. 
Vice-Chairman, H. B. Oatley. 
Vice-Chairman, J. O. Leech. 
Secretary, R. J. Painter. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 242 members; 170 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
N. L. Mocuet, 


Chairman. 


H. P. BIGLer, 


Secretary, 
R. J. PAINTER, «dal 
Staff Assistant. wh 
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Carbon-Steel Forgings for General Industrial Use (A 235 - 42), 

Carbon-Steel Forgings for Locomotives and Cars (A 236 - 42), 

Alloy-Stee! Forgings for Genera] Industrial Lse (A 237 - 42), 

Alloy-Steel Forgings for Locor otives and Cars (A 238 - 42), 

( arbon-Stee!l and Alloy-Stee] Ring and Dis« Forgings (A 243 - 43), 

Eke ctric-Fusion-Welded Steel Pipe (Sizes 8 in. to but not Including 30 in.) (A 139 - 42), 
Commercial! Quality Hot-Rolled Bar Steels (A 107 - 42), 

Commercial! Cold-Finished Bar Steels and Cold- Finished Shafting (A 108 - 36), 


Revision of Emergency Alternate Provisions in 


ications for Seamless Alloy-Steel Pipe for Service at Temperatures fr 750t to 1100 F. 
(EA - A 158a), 
EA~A0b), .cations for Carbon-Steel Plates for Stationary Boilers and Other Pressure Vessels 
(EA - 
Standard Speci cations for Seamless Alloy-Steel Boiler and Superheater Tubes (EA - A 213a), 
Standard Speci cations for Atom ic-Hydrogen-Arc-Welded and Electric-Resistance-Welded Alloy- 
Steel Poiler and Superheater Tubes (EA - A249a), 


Withdraual of Emergency Alternate Provisions in 


Standard Specif.cations for Stee] Tie Plates (EA - A 67), 

Standard Speci..cations for ot-Wor: ed high-( arbon Steel Tie Flates (EA-A 241), 

Standard Sjcci.cations for Loiler and Firetox Steel for Locomotives (EA - A 30), 

Standard Speci..cations for CarLon-Siliccn Steel } lates of Ordinary Tensile Ranges for Fusion-Welded 
Loilers and Other Fressure Vessels (KA - A 201) 

Standard Speci cations for Chrome-. anganese- ‘Silicon (CMS) Alloy-Steel Plates for Boilers and 
(ther Pressure Vessels (EA - A 202), 

.caticns for Low- Nickel-Steel Flates for Roilers and Other Pressure Vessels 
(nA 3 

Standard ecications for Flates for Boilers and Other Pressure Vessels (EA - 
A 204), an 

Standard ecifications for High Tensile Strength Carkcn-Siliccn for Boilers and Other 
Pressure Vessels (1 lates 44% in. and Under in ‘Lhic. ness) (LA- A2 


All of these recommendations were accepted by Sessatiies E-10 on August 
28, 1944, and the new and revised tentatives and emergency alternate provi- 
sions appear in the 1944 Book of A.S.T.M. Standards, Part I. 

On October 25, 1944, the Standards Committee accepted the following rec- 
ommendations submitted by Committee A-1 and Committee A-10 on Iron- 
Chromium, Iron-Chromium-Nickel and Related Alloys, as joint sponsors: 


New Tentative Specifications for: 
Seamless and Welded Ferritic Stainless Steel Tubing for General Service (A 268 - 44 T) and Emer- 

gency Alternate Provisions EA - A 268, 

Seam.kcss and Welded Austenitic Stainless Steel Tubing for General Service (A 269 - 44 T) and Emer- 

gency Alternate Provisions EA - A 269, 

Seamless and Welded Austenitic Stainless Steel Tubing for Dairy and Food Industry (A 270 - 44 T) 
and Emergency Alternate Provisions EA - A 270, and 
Seamless Austenitic Chromium-Nic el Steel Still Tubes for Refinery Service (A 271 - 44 T) and Emer- 

gency Alternate Provisions EA — A 271 

The new tentative specifications and emergency alternate provisions appear 
in the 1944 Book of A.S.T.M. Standards, Part I. 

On October 30, 1944, Committee E-10 accepted proposed revisions in Emer- 
gency Alternate Provisions EA - A 1 applying to the Standard Specifications 
for Open-Hearth Carbon-Steel Rails (A 1-39). The revised emergency 
provisions appear in the 1944 Book of A.S.T.M. Standards, Part I, under the 
designation EA — A la. 

Revisions in the Emergency Specifications for Carbon-Steel Forgings for 
Rings for Main Reduction Gears (ES — 23) were accepted by the Standards 
Committee on December 11, 1944. The revised emergency specifications 
under the designation ES — 23a appear in the 1944 Book of A.S.T.M. Stand- 
ards, Part I. 
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RECOMMENDATIONS AFFECTING STANDARDS FOR STEEL 


In this Appendix recommendations are 
given affecting certain specifications, 
both standard and tentative, covering 
various steel products. These specifica- 
tions appear in their present form in 
either the 1942 Book of A.S.T.M. Stand- 
ards, Part I, or the 1943 Supplement, 
Part I, as indicated by the final number 
in the A.S.T.M. designation. 

Specifications for Steel Castings.—In 
each of the following eight specifications 
covering various types of steel castings 
add a reference to the new A.S.T.M. 
methods for magnetic particle inspec- 
tion: 


A 27-42 A157-42 
A 87-42 A 215-41 

A 95-41 A 216-42 T | 
A 148 42 A 217-42 T 


In the above specifications the refer- 
ence is to appear in a separate section 
and reads as follows: 


Magnetic Particle Testing.—If specified in 
the inquiry, contract or order, and when mu- 
tually agreed upon by the manufacturer and 
purchaser, castings ordered to these specifica- 
tions may be subject to magnetic particle in- 
spection. When so specified the magnetic par- 
ticle inspection shall be in accordance with the 
Tentatise Methods of Magnetic Particle Testing 
of Commercial Steel Castings (A.S.T.M. Desig- 
nation: A 272). 


Marking Clause in Pipe and Tubing 
Specifications.—In the following eighteen 
specifications for pipe and tubing change 
the marking clause so that the hydro- 
static test pressure need not be indicated, 
but requiring the marking to include the 


APPENDIX 


symbols A.S.T.M.,; also delete the word 
“Specification” if now required: 


A 53-42 A192-40 A213-42 

A 83-42 A199-40 A214-42 
A120-42 A200-40 A226-40 | 
A161-40 A209-42 A249-42 | 
A178-40 A210-40 <A 250-43 
A179-42 A211-40 A253-42T 
Elongation and Flattening Test in 


Pipe and Tubing Specifications—In the 
following eight specifications for pipe 
and tubing a change is recommended in 
the provisions regarding modifications 
in elongation with decrease in wall thick- 
ness; also in each specification a formula 
for calculating the distance between the 
plates in the flattening test is recom- 
mended for inclusion. The accompany- 
ing Table I gives the permissible 
modifications for elongation that are 
recommended for inclusion in the respec- 
tive specifications indicated and also gives 
values for the constant “e’’ used in the 
formula for the flattening test: 


A 161 - 40 A 210-40 
A 199 — 40 A 213 - 42 
A 200 — 40 A 135 - 42 
A 209 — 42 A 192 —40 


In each of the above specifications the 
section on flattening test is to be revised 
to read as follows, except that the value 
for “‘e’”’ is to be as shown in the accom- 
panying Table I: 


Flattening Test.—7. (a) A section of the tube, 
not less than 2} in. in length, shall be flattened 
cold between parallel plates until the opposite 
walls of the tube meet. No cracks or breaks in 
the metal shall occur until the distance between 
the plates is less than the calculated value of 7 
by the following formula: 


i 
7) 
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pAaeUto to be taken, and to clarify Sections 6, 9, 
and 10, on check analysis, test specimens, 
where: 7 and number of tests, the following 
H = distance between flattening plates in changes are proposed in these specifica- 
inches, tions: 


e = deformation per unit length ‘constant for 
a given grade of steel, 0.09% for the !ow- 
carbon grade and 0.08% for the carbon- 
molybdenum grade), 

t = nominal wall thickness of tube in inches, 
and 

D = actual outside diameter of tube in inches. 


* These values of ¢ are for Specifications A 161; the 
values to be inserted in the other specifications are given 
in Table I 


(6) Evidence of laminations or burnt mate- 
rial shall not develop during the entire flattening 
process. 


TABLE I. 
Values of 
“Spec. No. and Grade | Thicknece Bul for 
Spec. No. and Grade Thickness Below | ,; 
asic Minimum, 
per cent Formula 
A 161 
Low Carbon............. 1.75 0.09 
Carbon Molybdenum... . 1.50 0.08 
A 199 
(All Grades). ........... 1.50 0.08 
A 200 
(All Grades) ............ 1.50 0.08 
A 209 
Carbon Molybdenum. . 
1.50 0.08 
A 210 
A 213 
1.75 0.09 
A 135 
Grade A................ 1.75 


REVISIONS OF TENTATIVE STANDARDS 


Tentative Specifications for Light Gage 
Structural Quality Flat Hot-Rolled 
Carbon Steel (0.2499 and 0.1874 in. 
to 0.0478 in. in Thickness) (A 245 
42T): 


To eliminate confusion on the direc- 
tion in which the bend test specimen is 


Section 6.—-In line 3 change the word — 
“lot” to read “each lot.” 

Section 9._-Add a new Paragraph (d) 
to read as follows: The bend 
specimens for grade C shall have their | 
longest axis in the direction of last hot | 
rolling.” 

Section 10 (a).—In line 4 change the 
word “lot” to read “from each lot.” 


Tentative Specifications for Light Gage 
Structural Quality Flat-Rolled Carbon © 
Steel (0.0477 to 0.0225 in. in Thick-' 
ness) (A 246-42 T): 


Sections 6, 9 and 10.—Make the same 
changes in these sections as recom-- 
mended above for Sections 6, 9 and 10, 
of Specifications A 245. | 


Tentative Specifications for Alloy-Steel 


Bolting Materials for High-Tempera- 
ture Service from 750 to 1100 F., Metal 
Temperatures (A 193-40 T): 


Table I.—To bring the chemistry of 
the chromium-molybdenum steel (B 7) in 
line with the latest industrial practice 
and to have a range consistent with those 
commercially recognized, change the 
chemical composition requirements of 
grade B 7 in Table I to read as prescribed 
in the following table: 


Present Rexised 

Values Values 
Carbon, per cent.. 0.35 to 0.45 | 0.33 to 0.47 
Manganese, per cent 0.60 to 0.90 | 0.66 to 1.04 
Phosphorus, max., per cent.. 0.04 0.045 
Sulfur, max., per cent........ 0.05 0.055 
Silicon, per cent..... ......| 0.15 to 0.30 | 0.18 to 0.37 
Nickel, per cent.............. are 
Chromium, per cent .........| 0.80 to 1.10 | 0.75 to 1.15 
Molybdenum, per cent. . 0.13 to 0.27 


.| 0.15 to 0.25 
Tungsten, percent ..... 
Vanadium, per cent.......... 


1 


There has been considerable discussion 


on the necessity of including in these 


specifications tolerances for the bar stock 
and also dimensional requirements on 
heads of bolts. The following revisions 
in Section 12 are a compromise of the 
different opinions on these subjects. 

Section 12.—Change from its. present 
form to read as follows: 

12. (a) Bolts, screws, studs, and stud 
bolts shall be pointed and shall have a 
workmanlike finish. 

(b) Standard permissible variations for 
dimensions shall be as set forth in Table 
II. 


TABLE II.—PERMISSIBLE VARIATIONS IN 
SIZE OF HOT-ROLLED BARS. 


Permissible 
from Out-of- 
Specified Size, in. Round, 
in. 
Over | Under 
0.905 | 0.005 | 0.008 
Over % to %, incl............ 0.006 | 0.006 | 0.009 
Over % to %, incl.......... 0.007 | 0.007 | 0.010 
Over % to %, incl........... 0.008 | 0.008 | 0.012 
Over % to 1, incl............ 0.009 | 9.009 0.013 
Over1 to 1-%, incl.........| 0.010 | 0.010 | 0.015 
Over 1-% to 1-4, incl.........| 0.011 | 0.011 | 0.016 
Over 1-% to 1-%, incl......... 0.012 | 0.012 | 0.018 
Over 1-3 to 1-4, incl.........| 0.014 | 0.014 | 0.021 
Over 1-¥% to 2, incl............ 0.023 


(c) Headed bolts shall be semifinished, 
hexagonal or square in shape, and in ac- 
cordance with the dimensions for the 
regular or heavy series, as required, of 
the American Standard for Wrench-Head 
Bolts and Nuts and Wrench Openings 
(ASA No. B18.2 - 1941). Unless other- 
wise specified, the American Standard 
heavy hexagon series shall be used. 

Section 17. — Change the marking 
clause as recommended earlier in this 
Appendix. 


Tentative Specifications for Heat- 
Treated Carbon-Steel Bolting Material 
(A 261 - 43 T): 

Section 14..-Make the same changes 
in this section as recommended above 


in Section 12 of Specifications A 193. 
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Tentative Specifications for: 
Lap-Welded and Seamless Steel Pipe 
for High-Temperature Service (A 106- 
43 T), 

Seamless Alloy-Steel Pipe for Service at 
Temperatures from 750 to 1100 F. 
(A 158 42 T), 

Seamless Carbon-Molybdenum Alloy- 
Steel Pipe for Service at Temperatures 
from 750 to 1000 F. (A 206 - 42 T): 


In order that these three specifications 
which are specifically applicable to pipe, 
may be used for the purchase of header 
tubes, and in order that certain sizes used 
in tube designations which are foreign to 
the pipe field be included in the tables 
covering permissible variations in outside 
diameter (Sections 13 (b), 16 (6), and 17 
(b) respectively) the following revised 
table is recommended. This does not 
change the requirements on pipe, but 
merely modifies the ranges of nominal 
diameters so that they cover tube sizes. 


Permissible Variations in 
Outside Diameter, in. 


Nominal Pipe Size, in. Over Under 
to 1%, incl... (0.015) | % (0.031) 
Over 1% to 4, incl.......... (0.031) (0.031) 
Over 4 to 8, incl............. (0.062) (0.031) 
Over 8 to 18, incl.............] (0.093) (0,031) 
Over 18 to 24, incl.......... le (0.031) 


(0.125) 


In Specifications A 106 add the fol- 
lowing as a new Paragraph 14 (c¢): 
“(c) If definite lengths are not required, 
pipe may be ordered in single random 
lengths of 16 to 22 ft. with 5 per cent 
12 to 16 ft., or in double random lengths 
with a minimum average of 35 ft. anda 
minimum length of 22 ft. with 5 per cent 
16 to 22 ft.” 

In Specifications A 158 make the fol- 
lowing changes: 

Table I..—Change the manganese content of 
grade P 8b from the present “3.0” to read “2.0” 
per cent; minimum percentage of titanium when 
added, to be “five times the carbon content 
with a maximum of 0.60 per cent”; and the 
minimum percentage of columbium, when added, 


= 
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7 
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to be “ten times carbon content with a maxi- 
mum of 1.0 per cent.” 

Also, change the composition of grade P 8a 
as follows: Increase the carbon content from the 
present “0.07” to “0.08 per cent max.”; chro- 
mium content range from “17.00 to 20.00” 
to “18.00 to 20.00 per cent.” 


TENTATIVE REVISIONS OF STANDARDS 


Standard Specifications for Alloy-Steel 
Forgings for General Industrial Use 


(A 237 — 42): 
Section I (b).—Add a reference to two 


new classes (G and H) of normalized, 
quenched and tempered alloy-steel forg- 
ings, making line 10 to read as follows: 
“Classes D, E, F, G, and H.” 

Table I—Add two new classes, G and 
H, with requirements as follows: 


a 
{8 
Solid | Bored & 
Diame- | Wall |e 
ter or | Thick- a Ss a ide 
Class Thick- | ness, 
be ~ 
5 | 5 an 2 
Sisizisi 
(Normal- 4 2 145 000 | 120000} 15 | 45 
ized, 4 2 3%} 140 000 | 115 000} 14 | 40 
Quenched,| 7 | 10 | 3%) 5 | 135000 | 140000 13 | 40 
and Tem 
pered) 
H 
(Normal- | .. | .. | 2 140000} 13 | 40 
ized, 4 7s 3%] 165 000 | 135.000} 12 | 35 
Quenched,| 7 | 10 | 3%] 5 | 160000 | 130000} 11 | 35 
and Tem- 
pered) 


Section 10 (e).—Add a reference to two 
new claszes (G and H) of forgings, mak- 
ing line 2 to read as follows: “Table I for 
classes D, E, F, G, and H forgings.” 
Section 11 (b).—Add a reference to the 
new class G forgings, making line 3 read 
as follows: “8-in. wall, and for classes F 


7 G, all sizes, the. 


Section 11.—Add a new Paragraph to 
(c) this section to read as foll ws: “‘(c) 
For class H forgings no bend test shall be 
required.” 

Section 14.—Omit Paragraph (5) re- 
lating to crystalline fracture. 


. 


Standard Specifications for Carbon-Steel 
and Alloy-Steel Ring and Lisk Forg- 
ings (A 243 —- 43): 


Section 10 (e).—Add a reference to two 
new classes (N and O) of forgings making 
line 2 read as follows: “‘Table II for 
classes G, K, L, M, N, and O.” 

Section 11 (b).—Add a reference to the 
new class N forgings, making line 1 read 
as follows: “For classes L, M, and N 
forgings, the.” 

Section 11.—Add a new Paragraph (c) 
to this section to read as follows: “(c) For 
class O forgings no bend test shall be 
required”. 

Table IT.—Add at the end of the table 
two new classes, N and O, with require- 
mcnts as follows: 


cea — 
Class sin 5 & 
> it witde 
(Normalized, 4} 145000|120000] 15 | 45 
Quenched, 7 | 140000} 115090] 14 40 
and Tem- 7 | 10 | 135000) 110000; 13 40 
pered) 
Oo 
(Normalized, 4 | 170000 | 140000; 13 40 
Quenched, 4 7 | 165000} 135000; 12 35 
and Tem- 7 | 10 | 160000 | 130000; 11 35 
pered) 


Section 14.—Omit Paragraph (c) re- 
lating to crystalline fracture. 


REVISIONS OF STANDARDS, IMME- 
DIATE ADOPTION 


Standard Specifications for Carbon-Steel 
Bars for Springs (A 14 — 42): 


The following revisions involve, pri- 
marily, check analyses of individual bars. 
To aid the purchaser in determining ac- 
ceptability of bars or lots, amplification 
of the check analysis clause is recom- 
mended. It should be noted that these 
revisions do not change the present re- 
quirements on average chemical com- 
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position where several 
checked. 

Section 5.—Change from its present 
form to read as follows: 


samples are 


5. (a2) An analysis may be made by the 


_ purchaser from finished bars representing each 


melt. The average of all the separate deter- 
minations made on the number of samples 
specified in Paragraph (c) shall fall within the 
limits prescribed in Section 3. Separate deter- 
minations may vary from the prescribed limits 
or ranges to the extent shown in Table I, but 
the several determinations of any element in 
a melt shall not vary both above and below 
this prescribed range. 

(6) Samples for analysis shall be taken by 
machining off the entire cross-section of the bar; 
or by dri!!ing parallel to the axis of round bars 
at any point midway between the center and 
surface; or by drilling through flat bars at a 
point midway between the edge and longitudinal 
axis. 

(c) The minimum number of samples to be 
taken from material representing the same melt 
or lot, before rejection by the purchaser, shall 
be as follows: 


Minimum Number 


of Samp!es 
Over 5to 10 tons, incl... .. 4 
Over 10 to 15 tons, incl........... 5 


TABLE I.—PERMISSIBLE VARIATIONS OVER 
MAXIMUM OR UNDER MINIMUM LIMITS, 
PER CENT 


Cross-Sectional Area 
| of Bars, sq. in. 


Element 
0.75 and 


| 
| | 
| 0.005 0.008 


(d) Separate determinations shall be made 
on each sample and the results averaged, unless 
they clearly indicate mixed grades. 


Standard Specifications for Carbon-Steel 
Bars for Springs, with Special Silicon 
Requirements (A 68 — 39): 


Section 5.—Make the same changes in 
this section as recommended above in 
Specifications A 14-42, except that the 
permissible variations in chemical com- 
position shall be as prescribed in Table IT. 
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Standard Specifications for Welded and 
Seamless Steel Pipe (A 53 - 42): 


To extend the scope of this widely used 
pipe specification to cover small electric- 
resistance-welded pipe, the following 
changes are recommended for immediate 
adoption. Manufacturers have indicated 
that there is a substantial tonnage of this 
material being produced and consec- 
quently a need for standardized require- 
ments which can be met by the recom- 
mended changes: 

Section 2 (a).—Change the first sen- 
tence to read as follows by the addition 
of the italicized words: 

2. (a) The steel for both welded and 
seamless pipe shall be made by one or 
more of the following processes: open- 
hearth, electric-furnace, or acid-bessemer, 
except that electric-resistance-welded tipe } 
and 3 in. in diameter shall be made from 
open-hearth steel. 

Section 2 (b).—Change the “3 in.” di- 
ameter of pipe in lines 1 and 4 to read 
“4 in.” 


TABLE II.—PERMISSIBLE VARIATIONS OVER 
MAXIMUM OR UNDER MINIMUM LIMITS, 
PER CENT 


Cross-Sectional Area 


of Bars, sq. in. 
Element 
Over 0.75 
0.005 0.008 


Section 3.—Change the table to read 
as follows by the addition of the italicized 
words and figures: 


Seam’ess or Flec- 
Welded” 
Lap-Welde elde 

Carbon, max., percent. .. 
Phosphorus, max., per 

cent: Open-hearth 

or electric-furnace. 0.06 0.045 
Acid-bessemer....... 0.11 


@ Electric-resistance-welded pipe 4 and 4 in. in diameter is 
obtainable in grade A quality only and the carbon content 
shall not exceed 0.10 per cent. 
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@ Section 4.—At the end of this section 
on check analysis add the following 
sentence: ‘‘For electric-resistance-welded 
pipe } and 3 in. in diameter, the carbon 
content shall not exceed 0.12 per cent.” 
Table I.—In the column headed 

“Seamless or Electric-Resistance-Weld- 
ed” insert footnote reference “d”’ after the 
word “Welded” and add the following 
as a footnote at the bottom of the table. 
“Tension tests shall not be required for 
-electric-resistance-welded pipe } and } 


in diameter.” 


Table II.—In this table under the 
heading Size (Nominal Inside Diameter) 
include a listing for “2 to 6 in., incl.” 
butt-welded pipe with values of ‘1200” 
psi. for Standard Weight pipe, “1700” 
for Extra Strength Pipe; also with these 
values add a footnote reading as fol- 
lows: “Butt-weld pipe is not made in 
sizes larger than 4 in. nominal.” 

Section 14.—In the first sentence of 
Paragraph (a) change “random lengths” 
to read “single random lengths”; also 
add the following as a new Paragraph 
(c): “(c) When standard weight or extra 
strong pipe is ordered in double random 
lengths, the minimum length shall be 
not less than 22 ft., with a minimum 
average for the order of 35 ft.” 

Section 17.—Revise the marking 
clause as recommended earlier in this 
Appendix. 


Standard Specifications for Black and 
Hot-Dipped Zinc-Coated (Galvanized) 
Welded and Seamless Steel Pipe for 
Ordinary Uses (A 120-42): 


Section 2 (b).—-Make the same changes 
in this section as recommended above 
in Section 2 (6) of Specifications A 53. 

Table I.--Make the same changes in 
this table as recommended above for 
Table II of Specifications A 53. 

Section 12.—Make the same changes 
as recommended above in Section 14 of 
Specifications 53. 


Section 17.—Revise the marking clause 
as recommended earlier in this Appen- 
dix. 


Standard Specifications for Low-Carbon 
Nickel-Steel Plates for Boilers and 
Other Pressure Vessels (A 203 - 42): 


The revisions to these specifications 
(and also to Specifications A 204 which 
follows) modify the elongation values 
with which manufacturers have been 
having some trouble occasioned by the 
disproportionate decrease with the neck- 
ing down of the specimen under tension 
test. As the gage length of the specimen 
increases, there is a marked decrease in 
the percentage of elongation of some al- 
loy steels and up to the present time no 
relationship has been established. In 
the opinion of the subcommittee the 
change should not lower the quality of 
the material. 

Section 7.—Reletter the present Para- 
graph (b) as (c) and insert a new Para- 
graph (6) to read as follows: 


(b) For plates } to } in., inclusive, in thick. 
ness, if the percentage of elongation of an 8-in- 
gage length test specimen falls not more than 
3 per cent below the amount prescribed in Table 
II, the elongation shall be considered satisfac- 
tory provided the percentage of elongation in 2 
in. across the break is not less than 30 per cent. 

Note.—A characteristic of certain types of 
alloy steels is a local disproportionate increase 
in the degree of necking down or contraction of 
the specimens under tension’ test; resulting in 
a decrease in the percentage of elongation as 
the gage length is increased. ‘The effect is not 
so pronounced in the thicker plates. 


Table II.—Change footnote “a” under 
this table to read as follows: “See Section 
7 (a), (b), and (c).” 

Section 14 (a).Before the last sen- 
tence of this paragraph insert a new 
sentence to read as follows: “Plates, the 
maximum lengthwise and crosswise di- 
mensions of which do not exceed 48 in., 
shall have the marking stamped in one 
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place approximately midway between the 
center and an edge.” 


Standard Specifications for Molyb- 
denum-Steel Plates for Boilers and 
Other Pressure Vessels (A 204 - 42): 


Section 8.—Insert a new Paragraph 
(6b) to read the same as recommended 
above in Section 7 of Specifications 
A 203, and reletter the present Para- 
graphs (0) and (c) accordingly. 

Table II.—Change footnote “a” under 
this table to read as follows: “See Sec- 
tion 8 (a), (6), and (d),” and change 
footnote “‘c” to read ‘‘See Section 8 (c).” 

Section 15 (a).—Make the same change 
in this section as recommended above in 
Section 14 (a) of Specifications A 203. 


Standard Specifications for: 


Boiler and Firebox Steel for Locomotives 
(A 30-42), 

Carbon-Steel Plates for Stationary 
Boilers and Other Pressure Vessels 
(A 70 42), 

Carbon-Silicon Plates of Ordinary Ten- 
sile Ranges for Fusion-Welded Boilers 
and Other Pressure Vessels (A 201 - 
43), 


Chrome-Manganese-Silicon (CMS) Al- 
loy-Steel Plates for Boilers and Other 
Pressure Vessels (A 202 — 39), 

High Tensile Strength Carbon-Silicon 
Steel Plates for Boiler and Other 
Pressure Vessels (Plates 4} in. and 
Under in Thickness) (A 212 — 39): 


In the section on “‘Marking’’ in each of 
these specifications insert a new sentence 
before the last sentence of Paragraph (a) 
to read the same as recommended above 
for Section 14 (a) of Specifications A 
203. 

The incorporation of these require- 
ments on marking small plates will re- 
quire the withdrawal of the Emergency 
Alternate Provisions for these epee 
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in this Appendix. 


tions (except for EA - A 70 in which the 
provisions for sulfur content and tensile 
requirements will be retained), which 
actions will be taken by Committee E-10 
Standards. 


Standard Specifications for Alloy-Steel 
Bolting Material for High-Tempera- 
ture Service (A 96-39): 


Section 14.—Make the same changes in 
this section as recommended above in 
Section 12 of Specifications A 193. 


Standard Specifications for Multiple- 
Wear Wrought Steel Wheels (A 57- 
39): 

Section 9 (d).—Change to read as fol- 
lows: ‘“The tape size of wheels less than 
44 in. in diameter shall not be less but 
may be 14 tapes more than specified. 
For wheels 44 in. and over in diameter 
the tape size shall not be less but may 
be 19 tapes more than specified.” 


Standard Specifications for Heat- 
Treated Wrought Steel Wheels (A 
244 42): 


Section 13 (d).—Make the same changes 
as recommended above in Section 9 (d) 
of Specifications A 57. 

Standard Specifications for Electric- 

Resistance-Welded Steel Pipe (A 135 

— 42): 


Section 6.—Make the change involv- 
ing modification in elongation as recom- 
mended in Table I; in addition change 
the basic minimum elongation in 2 in. 
from the present values of “30 and 25 
per cent,’”’ min., respectively, for grades 
A and B to read “35 and 30 per cent,” 
respectively. 

Section 7.—Revise this section on 
flattening test as recommended earlier 
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Standard Specifications for Forged or 
Rolled Alloy-Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts 
for Service at Temperatures from 750 
to 1100 F. (A 182 - 40): 

Table I.—Change grade F 8 from its 

—_ form to read as shown in the 


TABLE 
F8 | F8m| F& |} 

Carbon, max., per 

0.08 0.08 0.08 0.08 
Manganese, max., per 

cent 2.50 2.50 2.59 
Phosphorus, ‘max., 

per cent 0.035 0.035 0.035 0.035 
Suliur, max, per 

0.030 | 0.030 | 0.030; 0.030 
Silcon, max., per 

cent..... : 0.85 0.85 0.85 0.85 
Chromium, min., ‘per | 

18.00 17.00 17.00 | 17.00 
Nic«el, min., per 

EEE 8.00 | 10.00 | 9.50 | 9.00 
Molybdenum, min., | | 

Titanium, per cent 
Columbium, per cent. 


4 Grade F Rc shall have a columbium con content of not 
less than ten times the carbon content and not more than 
1.00 per cent. 

€ Grade F 8t shall have a titanium content of not less 
than five times the carbon content anJ not more than 0.60 


Primary Standard 
Service Hydro- 
Pressure static 
Rating Test 
at 900 1 Pressure, 
F., psi psi. 
900 
1800 
2409 


Standard Specifications for Seamless 


Alloy-Steel Boiler and Superheater 
Tubes (A 213-42): 


Sections 6 and 7.—Revise the require- 
ments for modifications in elongation 
and the section on flattening test as 
recommended earlier in this Appendix. 

Section 19 (a).—Revise this section on 
marking as recommended earlier in this 
Appendix. 

Table IIT.—Revise the requirements 
for grades T 8, T 18, T 19, and T 20 as 
shown in the accompanying Table IV. 


% ce 
per cent. 
accompanying Table III, and add three 
new grades, as shown. 
Section 10.—Change from its present 
to read as follows: 


10. Valve bodies or fittings and hn one 
sure-containing parts shall be tested after 
machining to the hydrostatic pressure prescribed 
in the table below, and shall show no leaks. No 


hydrostatic test is required for welding neck or 
other flanges. 


per cent. 
TABLE IV. 

Wises cccsasensitetispotes T8orP8 T 18 | T 19 | T 20 T 24 
Carbon, max., per cent.......... 0.08 0.08 0.08 0.08 0.08 
Manganese, max., per cent. ..... 2.00 2.00 2.00 | 2.00 2.00 
Phosphorus, max., per cent..... 0.03 | 0.03 0.03 0.03 0.03 
Sulfur, max., per cent........... 0.03 0.03 0.03 0.03 0.03 
Silicon, max., per cent.... | 0.75 0.75 0.75 0.75 0.75 . 
Nickel, per cent -+ssee+-} 8,00 to 11.00 | 9.00 to 13.00 | 9.00 to 13.00 | 11.00 to 14.00 | 11.00 cu 14.00 
Chromium, per cent............ | 18.00 to 20.00 | 17.00 to 20.00 17.00 to 20.00 | 16.00 to 18.00 | 18.00 to 20.00 
Molybdenum, ee | | 2.00to 3.00 3.00 to 4.00 


b ' Grade T 18 shall have : a titanium content of not less than five times the carbon content and not more e than 0. 69 per 


" ‘Grade T 19 shall bave a columbium content of not !ess than ten times the carbon content and not more than 1.00 


Standard Specifications for Atomic-Hy- 
drogen-Arc Welded and Electric-Re- 
sistance-Welded Alloy-Steel Boiler 
and Superheater Tubes (A 249 - 42): 


Table I.—Change the requirements 
as to chemical composition to read as 
shown in the accompanying Table IV. 

Section 19 (a).—Revise this section 
on marking as recommended earlier in 
this Appendix. 
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Standard Specifications for Factory- lens hs. .. .16 to 25 ft., incl. 
Made Wrought Carbon-Steel and Car- ouble random lengths 


over 25 ft. with a minimum average of 35 ft. 
bon-Molybdenum-Steel Welding Fit- 
tings (A 234 - 42): Section 10.—Change the last sentence 


of this section by the addition of the 
italicized words and figures: “Plain end 
material for welding, unless otherwise 
specified, shall be beveled to an angle of 
30 deg., with a tolerance of plus 5 deg., 
minus O deg., with a width of flat at the 
end of the pipe jg + 3 in.” 


ADOPTION OF TENT wena STANDARDS ‘Tentative Specifications for Welded Al- 
AS STANDARD loyed Open-Hearth Iron Pipe (A 253 
Tentative Specifications for Manganese- -42T): 


Section 3 (a).—Delete the words “forge 
welding” which appear in the first sen- 
tence. 
Section 6 (d).—Delete the present 
Paragraph (d) and reletter the subse- 
quent paragraphs accordingly. 


n Vanadium Steel Plates for Boilers and In order that standards covering cer- 
s Other Pressure Vessels (A 225-39T): tain larger sizes of butt-welded pipe now 
ce The committee recommends that these being manufactured shall be recognized, 
n specifications, revised as follows, be ap- _ the following modifications are proposed: 
is proved for reference to letter ballot of the Section 2 (b).—Change the second 
Society for adoption as standard: sentence to read “Pipe from 2 in. to 4 
ts Section 7.—Insert a new Paragraph (d) in. inclusive in nominal diameter may 
AS to read the same as recommended above _ be either furnace-butt-welded or electric- 
V. for Section 7 of Specifications A 203, and ___resistance-welded.” Change the “3 in.” 
reletter the present Paragraphs (d), (e), diameter of pipe in the last sentence to 

on and (f) accordingly. read “4 in.” 
Under the table in this section change Table I—Make the same changes in 


= footnote “a” to read: “See Paragraphs this table as recommended above in 
(c),(d), and(f),” and change footnote “c’”’ Table II of Specifications A 53. 
to read ‘‘See Paragraph (e).” 


00 Section 14 (a).—Before the last sen- WITHDRAWAL OF STANDARDS _— 
= tence of this paragraph insert a new sen- Standard Specifications for Carbon-Steel 
tence to read as follows: “Plates, the and Alloy-Steel Blooms, Billets, and 
an maximum lengthwise and crosswise di- Slabs for Forgings (A 17 — 29): 
) per mensions of which do not exceed 48 in., , . —- 
1.00 shall have the marking stamped in one 


tions for Carbon-Steel and Alloy-Steel 


between Blooms, Billets, and Slabs for Forgings 
Re- (A 248-417) were issued in 1941, it 
‘ler Tentative Specifications for Welded was suggested that Specifications A 17 
42): and Seamless Steel Pipe Piles (A252 -29 be withdrawn simultaneously but 

-42T): use in export trade and in certain domes- 
ents Section 9 (a).—Change from its tic fields led to the retention of this 
as present standard which ultimately, however, was 
V. = to be replaced by A248. It is now 
‘tion 9. (a) Unless otherwise agreed upon between proposed to withdraw Standard A 17, 
r in the manufacturer and the purchaser, material 


shall be ordered in single or double lengths, and since Specifications A 248 have es 
shall be furnished in accordance with the follow- ™ately three years standing and since it 
ing regular practice: may also be superseded as the Section 
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on Materials for Forgings perfects its 
proposed new specifications for carbon- 
steel and on alloy-steel forgings (see 
discussion on forgings earlier in this 
report). 


Standard Specifications for Forge-Weld- 
ed Steel Pipe (A 136 — 34): 


There being no evidence of further use 
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of these specifications, they are recom- 
mended for withdrawal. 


Standard Specifications for Riveted Steel 
and Wrought-Iron Pipe (A 138 - 34): 
These specifications are under the 

jurisdiction of Committee A-1 and of 

Committee A-2 on Wrought Iron. Com- 

mittee A-1 recommends their withdrawal 


and has so notified Committee A-2. 


= 
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REPORT OF COMMITTEE A-2 


ON 
7 WROUGHT IRON 


While Committee A-2 on Wrought 
Iron has held no meeting during the 
past year, the committee has furthered 
some of its activities by correspondence 
as indicated in this report. 

The membership of the committee 
now totals 47, of whom 15 are classified 
as producers, 26 as consumers, and 6 
as general interest members. 


I. REvIsiON OF STANDARD, IMMEDIATE 
ADOPTION 


Committee A-2, as joint sponsor, con- 
curs in the recommendation of Com- 
mittee A-1 on Steel that the require- 
ment for marking the hydrostatic test 
pressure on pipe be deleted from the 
Standard Specifications for Lap-Welded 
and Seamless Steel and Lap-Welded 
Iron Boiler Tubes (A 83 - 42) and that 
it be indicated that the required marking 


shall include the symbol “A.S.T.M. A 
83.” 


II. WITHDRAWAL OF STANDARD 


The committee also concurs in the 
recommendation of Committee A-1 that 
the Standard Specifications for Riveted 
Steel and Wrought Iron Pipe (A 138 - 
34) be withdrawn since this type of 
pipe is no longer manufactured. 


III. REAFFIRMATION OF STANDARDS 


The following standards, which have 
been in effect for six or more years 
without revision, have been reviewed 
and reaffirmed by the committee by 
letter ballot vote since they are con- 


= 


sidered to be in agreement with cur- 


rent practice. 

Standard Specifications for: 
Refined Iron Bars (A 41 — 36), _ 
Common Iron Bars (A 85 — 36), and ty 
Standard Definitions of: a4 
Terms Relating to Wrought Iron (A 81 - 33), 


In the light of experience, Commit- 
tee A-2 is planning to submit to Com- 
mittee E-10 on Standards a proposed 
tentative revision of the Standard Speci- 
fications for Wrought Iron Plates (A 
42 - 39) which will provide for de- 
creasing the yield point—tensile strength 
ratios with increasing thickness of plate. 
This revision consists of a new sentence 
to be added at the end of Section 5 (f) 
reading as follows: “For material over 
34 in. in thickness, the minimum yield 
point shall not be less than one half the 
tensile strength.” When the specifica- 
tions were adopted in 1939, little or no 
plate was being produced in excess of 34 
in. in thickness. More recently with the 
production of heavier gage plate, it has 
been found impossible to meet the mini- 
mum yield point of 27,000 psi. and the 
additional sentence covering yield point 
requirement is made necessary by that 
situation. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, C. B. Bryant. 

Vice-Chairman, D. M. Stembel. 

Secretary, James Aston. 
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This report has been submitted to Respectfully submitted on behalf of 
letter ballot of the committee which the committee, 
consists of 47 members; 43 members C. B. BRYANT, 
have returned their ballots, all of whom Chairman. 
have voted affirmatively. W. C. MAsTERs, 


Secretary. 


EpDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee A-2 presented to the Society 
through Committee E-10 on Standards the proposed tentative revision of the 
Standard Specifications for Wrought Iron Plates (A 42 — 39), referred to in the 

- report. This recommendation was accepted by Committee E-10 on August 
28, 1944, and the tentative revision appears in the 1944 Book of A.S.T. M. 
Standards, Part I, p. 2002, 
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REPORT OF COMMITT 


CAST IRON 


Since the 1943 Annual Meeting of the 
Society, Committee A-3 on Cast Iron 
has held one meeting in Cincinnati, Ohio, 
on February 29, 1944. Another meeting 
will be held in June during this Annual 
Meeting of the Society. 

During the year 18 new members have 
been elected, and 1 resignation accepted. 
Two members have been lost through 
death, Enrique Touceda and T. I. Cur- 
tin. The total membership of the com- 
mittee is now 132, of whom 43 are 
classified as producers, 56 as consumers, 
and 33 as general interest members. In 
addition, there are 5 consulting members. 

The following resolution has been 
adopted by the committee: 


RESOLVED: That in the death of Enrique 
Touceda, Committee A-3 loses a member of out- 
standing reputation and ability in the feld of 
ferrous castings. Mr. Touceda, Directcr of 
Touceda Chemical and Physical Laboratories, 
Albany, N. Y., was a long-time member of the 
Society and a member of Committee A-3 on Cast 
Iron since its organization in 1903. This com- 
mittee pays tribute to this long association and 
regrets the loss of his services. 


During the year each subcommittee 
has reviewed the specifications under its 
jurisdiction. This review indicated that 
the A-3 specifications are functioning 
satisfactorily and do not require revision 
at this time. However, it has been pro- 
posed that the emergency alternate 
provisions in the Standard Specifications 
for Lightweight and Thin-Sectioned Gray 
Iron Castings (A 190-40) be incorpo- 
rated inthe standard. This matter will 


be presented for discussion and vote at 


the June meeting, subject to later con- 
firmation by letter ballot. 

Pursuant to the instructions of Com- 
mittee A-3, the chairman appointed a 
nominating committee, comprising V. A. 
Crosby, T. E. Eagan, and J. S. Vanick. 
This committee proposed the following 
nominees: 

Chairman, James T. MacKenzie. 

Vice-Chairman, Edward R. Young. _ 

Secretary, Charles O. Burgess. 

The above officers were elected for the 


ensuing term of two years. = 


Subcommittee I on Pig Iron (H. W. 
Stuart, chairman).—This group has been 
reorganized under the chairmanship of 
H. W. Stuart. Its membership now 
consists of eight producers of pig iron, 
eight consumers, and one general interest 
member. ‘Two meetings have been held 
and distinct progress has been made in 
the preparation of a thorough revision of 
the Standard Specifications for Foundry 
Pig Iron (A 43 - 24). 

Subcommittee VI on General Castings 
(Hyman Bornstein, chairman).—The 
subcommittee has reviewed and re- 
affirmed the Standard Specifications for 
Gray Iron Castings (A 48-41). Fur- 
ther study is to be made of the require- 
ments for the optional transverse test 
and the possibility of giving some guide 
as to Brinell hardness for the various 
classes of gray iron castings. 

Subcommittee VII on Microstructure of 
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An addition to the preferred methods of 
polishing in the Tentative Recommended 
Practice for Evaluating the Microstruc- 
ture of Graphite in Gray Iron (A 247 
41 T) is under consideration. In the 
meantime, it is recommended that this 
recommended practice be continued as 
tentative. 

Subcommittee X on Nomenclature and 
Definitions (A. J. Herzig, chairman).— 
No change in the Tentative Definitions of 
Terms Relating to Cast Iron (A 196 
42 T) is recommended at this time. 

Subcommittee XI on Methods of Test- 
ing (V. A. Crosby, chairman), Subcom- 
mittee XV on Impact Testing (J. T. 
MacKenzie, chairman), and Subcommitlee 
XVI on Heat Treatment of CastIron(J.S. 
Vanick, chairman).-The research pro- 
grams of these three subcommittees have 
been held in abeyance because of the 
difficulties encountered in the procure- 
ment of equipment and because of lack 
of time to pursue these long-range studies 
during this war period. 

Subcommittee XVII on Gray Iron Cast- 
ings for Valves, Flanges and Pipe Fittings 
(J. J. Kanter, chairman).—No revision 
is recommended in the Standard Specifi- 


Eprror1AL Norte 


Subsequent to the Annual Meeting Committee A-3 presented to the Society 
through Committee E-10 on Standards the following recommendations: 


Tentative Specifications for: 


Lightweight and Thin-Sectioned Gray Iron Castings (A 190-44), to 
replace Standard Specifications A 190 


Provisions EA — A 190, 


Automotive Gray Iron Castings (A 159-44 T), as a tentative revision of 
Standard Specifications A 159 - 41, and 
Gray Iron Castings for Pressure-Containing Parts for Temperatures up to 


650 F. (A 278-447). 


1944. 
Standards, Part I. 


Report OF COMMITTEE A-3 


The first recommendation was accepted by Committee E-10 on August 28, 
1944, the other two recommendations having been accepted on November 22, 
The tentative specifications appear in the 1944 Book of A.S.T.M. 


cations for Gray Iron Castings for Valves, 
Flanges, and Pipe Fittings (A 126 — 42). 

Subcommillee XXI on Pressure Pipe 
(T. Hf. Wiggin, chairman).--This sub- 
committee is developing specifications 
for centrifugal pipe. 

Subcommittee XXII on Elevated Tem- 
perature Properties of Cast Iron (J. S. 
Vanick, chairman).—Proposed tentative 
specifications for cast iron for use in pres- 
sure parts, within the temperature ranges 
of 450 to 650 F’. are in preparation by the 
subcommittee.! 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 132 members; 98 members re- 
turned their ballots, of whom 97 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. W. Botton, 
Chairman. 
J. T. MacKenzir, 


Vice-Chairman. 


E. R. Youn, 
Secretary. 


1 See Editorial Note below. 
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Committee A-5 on the Corrosion of 
Iron and Steel held two meetings during 
the year: one on June 29, 1943, in Pitts- 
burgh, Pa., during the Annual Meeting 
of the Society, and the other on March 
1, 1944, in Cincinnati, Ohio, during the 
Spring Group Meetings of the Society. 
Since the last report 7 new members 
have been elected and 5 members re- 
signed; the total membership of the 
committee is now 132, of whom 60 are 
classified as producers, 44 as consumers, 
and 28 as general interest members. 


EMERGENCY ALTERNATE PROVISIONS 

The committee is recommending to 
Committee E-10 on Standards the with- 
drawal of the Emergency Alternate 
Provisions in two specifications as noted 
below which were accepted by the Stand- 
ards Committee on January 28, 1944: 
Standard Specifications for: 

Zinc-Coated (Galvanized) Iron or Steel Farm- 
Field and Railroad Right-of-Way Wire 
Fencing (EA-A 116), and 

Zinc-Coated (Galvanized) Iron or Steel Barbed 
Wire (EA-A 121). 

When these two emergency provisions 
were being developed, half or less of the 
designs of fencing and barbed wire 
defined in the standard specifications were 
available under War Production Board 
Limitation Order L-211. Likewise, the 
same limitation order prevented fabri- 
cation of the products with several of the 
gages of heavier wire and with the heavy 
and medium zinc coating weights de- 
scribed in the standard specifications. 
Within a few weeks after the two sets of 
provisions were issued, Limitation Order 
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L-211 was modified to remove certain 
restrictions on fencing so that there is 
no longer a need for either of the Emer- 
gency Alternate Provisions. 


WITHDRAWAL OF EMERGENCY SPECIFI- 
TIONS AND REPLACEMENT BY 
NEW TENTATIVE STANDARD 

The committee recommends for publi- 
cation as tentative revised Specifications 
for Lead Coating (Hot-Dip) on Iron or 

Steel Hardware,” to replace the Emer- 

gency Specifications for Lead Coating 

(Hot-Dip) on Tron or Steel Hardware 

(ES 2).! 

STATUS OF STANDARDS AND TENTATIVE 
STANDARDS BEING REPUBLISHED 
WITHOUT CHANGE 

The standards listed below are recom- 
mended for publication without change. 

The first five of these have been ap- 

proved as American Standard by the 

American Standards Association since 

the last report and the A.S.A. numbers 

are indicated: 

Standard Specifications for: 

Zinc-Coated (Galvanized) Iron or Steel Farm- 
Field and Railroad Right-of-Way Wire Fenc- 
ing (A 116-39; ASA G8,.9-1944), 

Zinc-Coated (Galvanized) Iron or Steel Barbed 
Wire (A 121 - 39; G8.10-1944), 

Zinc-Coated Steel Wire Strand (“Galvanized” 
and Class A) (“Extra Galvanized”) (A 122 - 
41; G8.6-1943), 

Zinc-Coated Steel Wire Strand (Class B and 
Class C Coatings) (A 218 - 41; G8.11-1944), 

Zinc-Coated (Galvanized) Iron or Steel Tele- 
phone and Telegraph Line Wire (A 111 — 43; 
G8.3-1944), 


1 See Editorial Note, p. 91. 

2 These specifications were accepted as tentative b 
the Society and appear in the 1944 Book of ASTM. 
Standards, Part I, p. 1396. 
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Zinc-Coated (Galvanized) Iron or Steel Tie 
Wires (A 112 - 33; G8.4-1935), 

Zinc-Coated Iron or Steel Chain-Link Fence 
Fabric, Galvanized After Weaving (A 117 - 
33; G8.5-1935), 

Zinc-Coated (Galvanized) Iron or Steel Sheets 
(A 93 - 27; G8b1-1931), 

q Zinc (Hot- Galvanized) Coatings on Structural 

Steel Shapes, Plates, Bars, and Their Prod- 

ucts (A 123-33; G8.1-1933), 


Standard Methods of: 


Test for Weight of Coating on Zine- Coated 
(Galvanized) Iron or Steel Articles (A 90- 
39), 

Test for Uniformity of Coating by the Preece 
Test (Copper Sulfate Dip) on Zinc-Coated 
(Galvanized) Iron or Steel Articles (A 239 - 
41), and 


Standard Recommended Practice for: 


Safeguarding Against Embrittlement of Hot 
Galvanized Structural Steel Products and 
Procedure for Detecting Embrittlement (A 
143 - 35). 


It is recommended that the following 
tentative standards be continued as 
tentative without change: 


Tentative Specifications for: 


- Zinc-Coated (Galvanized) Iron or Steel Sheets 
(A 93 - 38 T), 

Zinc Coating (Hot-Dip) on Iron and Steel 
Hardware (A 153 -42T), 

Electrodeposited Coatings of Cadmium 
Steel (A 165-40 T), 

Electrodeposited Coatings of Zinc on Steel 
(A 164-40 T), and 

Tentative Methods of Test for Local Thickness 
of Electrodeposited Coatings (A 219-40 T). 


on 


It is not likely that Specifications A117 
will undergo any revision until the re- 
_ sumption of activity in chain link fence 
fabrication after the war. 

Standard and Tentative Specifica- 
tions A93, both dealing with galvanized 
sheets, require revision, but such action 
scarcely seems feasible until the end 
of the war period. 

Specifications A165, A164, and Meth- 
ods A219, dealing with electrodeposited 
coatings are believed to be in need of 
revision before they are recommended 
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for adoption as standard, but the neces- 
sary investigational work can prokably 
not be completed until after the war. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 132 members, with the results shown 
in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT 
VOTE. 


Ballots 
Nega- | Marked 
“Not 


tive N 
Voting”’ 


ative 


I. WITHDRAWAL OF Ewsecency| 
ALTERNATE PROVISIONS 
STANDARDS 
Provisions in Spec. for Iron or 
Steel Farm Field and Rail- 
road Right- Wire Fenc- 
ing (A 116 - 39) | 
Provisions in Spec. for Zinc-| 
Coated (Galvanized) Iron 
Steel Barbed Wire (A 121 — 39). 


II. WITHDRAWAL OF EMERGENCY 
SPECIFICATION 
Emergency Spec. for Lead Coat- 

ing (Hot-Dip) on Iron or Steel 
tS-2). 
III. New TENTATIVE STANDARD 
Spec. for Lead Coating (Hot- 


Dip) on Iron or Steel Hard-| 
Ware. ..... 


Hardware ( 


IV. TENTATIVE STANDARDS 
CONTINUED AS TENTATIVE 
WITHOUT CHANGE 


Spec. for Zinc-Coated (Gal- 
vanized) Iron or Steel Sheets 
(A 93 - 38 T) 

Spec. for Zinc-Coating (Hot- 
Lip) on Iron and Steel Hard- 
ware (A 153 - 42 T) 

Spec. for E lectrodeposited Coat- 
ings < Cadmium on Steel (A 
165 - 

Spec. rh Electrodeposited Coat- 
ings of Zinc on Steel (A 164 - 
40 T) 

Test for Local Thickness of 
Electrodeposited Coatings 


219-40T).... 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Inspection of 
Annapolis Tests (Ewart S. Taylerson, 
chairman).—The specimens of ccprer- 
bearing and non-ccpper-kearing corru- 
gated black sheets that have keen 
exposed at Annapolis, Md., since Octo- 
ber 17, 1916, were inspected on April 
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27, and October 15, 1943. Four failures 
among the No. 22 gage sheets were 
found during the April inspection (I-5, 
11, 13 and 15), and two in October, 
(I-12 and Z-504). No failures of No. 
16 gage material were noted this year. 
A summary of the failures to date is 
given in Table ITI. 

Subcommittee V on Total Immersion 
Tests (W. J. Jeffries, chairman).—The 
test program of this subcommittee on 
underwater exposure tests have been 
completed. The preparation of a final 
report involves a statistical study of a 
large amount « accumulated data which 
the committee has not yet been able to 
complete because of wartime activities. 
Subcommittee VI on Specifications for 
Metallic-Coated Products (T. R. Callo- 
way, chairman).—Substantially all the 
information presented earlier in this 
report with respect to the status of 
standards and tentative standards is the 
result of the activities of this subcom- 
mittee. 

Additional work under consideraticn 
_ by Subcommittee VI includes revision 
of the weight of certain coating require- 
ments incorporated in the Tentative 
Specifications for Zinc Coating (Hot- 
Dip) on Iron and Steel Hardware (A 
153-42T). The completion of this 
work ties in with the development by 
Subcommittee VII of an improved 
. method of determining the weight of 
~ zine coatings on malleable iron castings. 
This committee is starting work on the 
development of specifications for long 
terne sheets. 

Following the 1943 Annual Meeting, 
Subcommittee VI undertook the prepa- 
ration of specifications for lead-alloy- 
coated sheets looking toward their pub- 
lication as an emergency standard. 
By the time the proposed specifications 
were prepared, conditions had changed 
so that publication under the emergency 


| 


procedure did not seem justified. Pre- 
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sentation for publication as tentative 
was considered, but it row appears that 
further work is desirable before this step 
is taken. The draft already prepared 
was based on the practice of a single 
supplier—the only informaticn available 
to the committee. Recently a new 
manufacturer has entered the field, and 
it is believed that the new practices 
should be taken into acccunt before 
submission of lead-ccated sheet speci- 
fications for publication as tentative. 
The draft already prepared is published 
in the Appendix as informaticn on'y 
and for the purposes of develcping ccm- 
ments as a guide to further action. 

Subcommittee VII on Methods of Test- 
ing (R. W. Baker, chairman).—A sec- 
tion of this subcommittee is actively 
working on the evaluation cf tests which 
are now employed, or are proposed, for 
field use (dropping tests, magretic tests, 
and the like) in inspecting specimers to 
determine the weights or thickresscs of 
protective ccatings which have keen 
applied. There have been delays caused 
by the inavailability of magnetic equip- 
ment. 

This subcommittee also has in hand 
the development of an improved method 
for determining the weight of zinc ccat- 
ings on malleable iron castings since the 
standard stripping test (Specifications 
A 153) is net fully satisfactory when 
applied to this class of procuct. 

The Methods of Test for Lecal Thick- 
ness of Electrodeposited Ccatings (A 
219-40 T), which are uncer the juris- 
diction of Subcommittee VII, are recom- 
mended for ccntinuation as tentative 
without revisicn. 

Subcommittee VIII on Field Tests of 
Metallic Coatings (C. E. Reinhard, chair- 
man).-—Since the last report, R. F. 
Passano has resigred as chairman cf this 
subcommittee and the presert chairman 
appointed. Also, D. J. McKinren has 
been appointed chairman of the Hard- 
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ware Inspection Section of this sub- 
committee, replacing W. L. Maucher, 
resigned. 

Subcommittee VIII has carried on the 
regular inspection of its large collection 
of galvanized sheet specimens, metallic- 
coated hardware parts, and wire and 
wire products which are undergoing 
atmospheric exposure tests. 

This annual report follows the usual 
precedent of Committee A-5 in choosing 
to publish detailed inspection records of 
sheet and hardware specimens only in 
even numbered years (as 1944) and to 
delay one year (until 1945) the printing 
of detailed records on the performance of 
wire, fencing, and strand products. 

The inspection findings on galvanized 
sheets and metallic-coated hardware 
together with certain interpretations of 
these findings are presented in the more 
detailed report appended hereto. This 
current report is expected to be the last 
requiring extensive tabulations of hard- 
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and at Altoona, Pa., have been discon- 
tinued, and the test racks at Sandy Hcok, 
N. J., and State College, Pa., have been 
reconditioned so as to retain only akout 
one fourth of the specimens for future 
observation. 


The following officers of Committee 
A-5 have been elected for the ensuing 
term of two years: 

Chairman, C. D. Hocker. 

First Vice-Chairman, R. F. Passano. 

Second Vice-Chairman, T. R. Gallo- 

way. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 132 members; 97 members 
returned their ballots, of whom 96 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
C. D. Hocker, 


Chairman. 


ware inspection results. The hardware J. B. Dixon, o. 
tests at Brunot Island (Pittsburgh), Pa., Secretary. 
Epitor1AL Note a 
Subsequent to the Annual Meeting Committee A-5 recommended to Com- i 


mittee E-10 on Standards that the following weeny specifications and 
provisions be withdrawn: 


Emergency Specificaticns for: 


Lead Coating (Hot-Dip) on Iron or Steel Hardware (ES - 2), 


: Emergency Alternate Provisions in: 
Standard Specifications for Zinc-Coated (Galvanized) Iron or Steel Farm- 
Field and Railroad Right-of-Way Wire Fencing (EA — A 116), and 
Standard Specifications for Zinc-Coate 1 (Galvanized) Iron or Steel Barbed oe 
Wire (EA A 121) 


This recommendation was accepted by Committee E-10 on August 28, 1944. 
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REPORT OF SUBCOMMITTEE VIII ON FIELD TESTS OF METALLIC 
COATINGS 


_ GALVANIZED SHEET Exposure TESTS 


During the past two years, semian- 
- nual inspections of exposed galvanized 
sheets have been made in April and 
October at Altoona, Pa.; Brunot Island 
(Pittsburgh), Pa.; Sandy Hook, N. J.; 
and State College, Pa. One inspection 
only was made at Key West, Fla.—in 
April, 1944. 

The inspections in 1942 and 1943 at 

Altoona and Brunot Island, where all 
coatings had previously failed, have 
shown an increasing number of perfora- 
tions of sheets which had originally 
been coated. ‘The inspections at Sandy 
Hook and State College show additional] 
sheets starting to rust, but no perfora- 
tions yet appearing in sheets originally 
coated. The Key West specimens show 
additional failures of the type char- 
acteristic of this location which are 
described later. 
; This report shows the record of new 
zinc coating failures and of new per- 
forations occurring in the past two years. 
The information is presented in five 
tables (one for each site) which also in- 
clude certain summaries of specimen 
performances. Also the report includes 
a graphic presentation of sheet per- 
formances at Altoona and Brunot Island 
where the tests are approaching a defin- 
itive stage. 

Figure 1 shows the life of zinc coatings 
on iron and steel sheets at Altoona, Pa., 
and Brunot Island, Pa. The figure 
indicates the progressive development 
of rust with time. ‘These curves are a 
reproduction and extension of some of 
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those published in the 1935 report.! 
The areas plotted as ordinates in Fig. 1 
were calculated by averaging the rusted 
areas of all sheets in each class at a given 
time. These data differ slightly from 
those shown in Tables I and II which 
were derived by averaging the time for 
all sheets in each class to reach a given 
condition. 

The tabulated information shown in 
the report is noted below in the para- 
graphs relating to each of the locations. 


Altoona, Pa. 
1934): 


A summary of the coated sheet failures 
(perforations) has been assembled in 
Table I. Included are data on (1) the 
average time of exposure for each weight 
of coating class until first appearance of 
rust and until complete removal of the 
coating (100 per cent of surface area 
rusted) and (2) the average, minimum, 
and maximum life of uncoated sheets. 
These data, while incomplete, furnish 
some preliminary evidence of the extent 
to which the galvanized coatings con- 
tributed to the total life of the sheets 
at this location. 

Status.—(1) Complete removal of 
coating has occurred for all specimens 
(100 per cent of surface areas rusted). 
(2) All uncoated sheets have failed by 
perforation. (3) Perforation of orig- 
inally coated sheets has taken place 
among the specimens of every weight of 
coating class, although largely confined 


(Last tabulated report in 


cara Am. Soc. Testing Mats., Vol. 35, p. 89 
35). 


(19. 
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to classes including and below the 1.50- remaining uncoated sheet was found to 
oz. (4) Three sheets were lost due to be perforated at the October, 1942, 
storm before perforation had occurred. inspection after an exposure of 16.5 yr. 


Ss 
as 
bd) | > 
+ 
N 
40 — 
wa 
n 
60 8 
S 
in x 40 
iS. 20 | 
| Brunot Island, Pa. 
| 8 &© 2 3 4 6 6 7 18 
res Exposure Time, yr 
in Fic. 1.—Life of Zinc Coatings on Iron and Steel Indicating the Progressive Development 
he of Rust. 
ght TABLE I.—SUMMARY OF SHEET FAILURES ON ALTOONA, PA., TEST RACK@. 
. of Sheets Exposed April 22, 1926. 
the Average | Average Time to First Perforation, aes 
rea ha of to yr. ef 
of Speci- | Coating Somplete 
um, Description mensin | to First Removal of - — 
nish _ 
Yo. 16 gage, 2.50 oz. per sq. ft........ 10 4.4 11.1 16.5 2 
tent No. 22 gage, 2.5002. per 48 4.6 11.2 15.5 3 
con- No. 22 gage, 2.00 oz. per sq. ft........ 18 3.8 8.1 ; 16.5 pet 3 
No. 22 gage, 1.50 oz. per sq. ft........ 18 3.0 5.7 (16.0) | 14.5 ee 10 
eets No. 22 gage, 1.25 oz. per sq.ft... 18 2.4 4.3 (15.9) | 13.5 12(1)° 
No. 22 gage, 0.75 oz. per sq. ft....... 14 1.9 3.1 (13.2) 4.3(8.5) - 11(1)¢ 
No. 28 gage, 0.75 oz. per sq. {t....... 10 2.1 3.1 9.6 Toh 11.0 10(1)¢ 
of No. 22 gage, uncoated................ 10 aa ee 6.5 2.0 13.5 10(1)¢ 
mens dt" detailed record of failures of coating may be found in Table I of the 1933 Report; see Proceedings, Am. Soc. Testing 
Mats. Vol. 33, p. 150 (1933). 
ted). F Me gures shown in parentheses are not to be considered final as not all specimens in this weight of coating class have 
ailed. 
d by ° Number of sheets blown away by storm which had not previously been marked as perforated are indicated in paren- 
z theses and are included in the total. a 
orig- Second shortest period of exposure to perforation. Both values are on the same sheet—top and bottom portions 
place 
rht of Brunot Island (Pittsburgh), Pa. (Last Status.—(1) All classes show coating 
ifined tabulated report in 1938): failure, and coatings have completely 


Table II (and Fig. 1) similarly records corroded away (100 per cent of surface 
data for this test location. The one areas rusted) from all specimens except 
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TABLE II1.—SUMMARY OF SHEET FAILURES ON BRUNOT ISLAND, PA., TEST RACK?. 
Sheets Exposed April 21, 1926. 


Average | Average | 
Number Life of | Time to 
| of Speci- | Coating | Complete 
mens in | to First | Removal of _ 
Test | Rust, | Coating, 
yr. yr. 


Total 

Time to First Perforation, Number 
yr. of Sheets 

Failed 

Average | Minimum |Maximum 

| 
' 


Description 


. 16 gage, 2.50 oz. 
‘o. 22 gage, 2.50 oz. 
‘o. 22 gage, 2.00 oz. 
‘o. 22 gage, 1.50 oz. 
.o. 22 gage, 1.25 oz. 
io. 22 gage, 0.75 oz. (16.2)? 
Jo. 28 gage, 0.75 oz. (11.3) 
‘o. 22 gage, uncoate 5.6 16.5 


(17.2) 
(17.0) 


un 


@ A detailed record of failures of coating may be found in Table II of the 1938 Report; see Proceedings, Am. Soc. Test- 
ing Mats., Vol. 38, Part I, p. 86 (1938). A record of uncoated sheet failures may be found in the 1940 Report, Table VI; 
see Proceedings, Am. Soc. esting Mats., Vol. 40, p. 110 (1940). 

‘ ap ences shown in parentheses are not to be considered final as not all specimens in this weight of coating class have 
ailed. 


TABLE IIl.—RECORD OF COATING FAILURES ON SANDY HOOK, N. J., TEST RACK*. 
Sheets Exposed May 20, 1926. 


Failures Observed 
~ Total Avera 
| Octot Avril, | Octob 
| October, pril, tober, Joating 
1940, 1943, Failures yr. 
13.39 yr. 14.40 yr. | 15.94 yr. | 17.42 yr. 


Description | ere Up to 


No. 16 gage, 2.50 oz. per sq. 79 


-90)° 
-96 


11. 
No. 22 gage, 2.50 oz. per sq. ft.......... ; none (12 
No. 22 gage, 2.00 oz. per sq. 
No. 22 gage, 1.50 oz. per sq. ft. } nba erate ene 7.63 
4. 
4 


No. 22 gage, 1.25 oz. per sq. 
No. 22 gage, 0.75 oz. per sq. 
No. 28 gage, 0.75 oz. per sq. 


80 
77 
89 


* Commas representing intermediate inspections at which no new failures were observed have been omitted in this 
tab: lation. 
A record of the coating failyres observed at the inspections of April, 1938, to October, 1939, appears in Table I of the 
1940 Report, see Proceedings, Am. Soc. Testing ) ats., Vol. 40, p. 100 (1940). Earlier coating failures are recorded in the 
1938 Report, see Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, p. 87 (1938). | ; : 
© Figures shown in parentheses are not to be considered Lnal as not all specimens in this weight of coating class have 
failed. 


TABLE IV.—RECORD OF COATING FAILURES ON STATE COLLEGE, PA., TEST RACK. 
Sheets Exposed April 23, 1926. 


Failures Observed 
Number | __ Total | Average 
| of Speci- Up to* ; | Number Life of 
| mens in Gen ioe April 30, | October | October | _ of Coat.ng, 
Test 1941, | ..1942, | 20, 1942, | 13, 1943, | Failures yr. 
15.46 yr. 16.02 yr. | 16.49 yr. | 17.47 yr. 


Description 


. 16 gage, 2.50 oz. per sq. none none 
Yo. 22 gage, 2.50 oz. per sq. ft.......... none none 
‘o. 22 gage, 2.00 oz. per sq. none 1 ee 
Jo. 22 gage, 1.50 oz. per sq. ft.......... 3 2 4 3 (16.72)° 

No. 22 gage, 1.25 oz. per sq. none ian 14.69 
‘o. 22 gage, 0.75 oz. per sq. 10.04 
No. 28 gage, 0.75 oz. per sq. ft........... —_ oe ie 11.20 


@ A record of the coating failures observed at the inspections of April, 1940, to October, 1941, inclusive, appears in Table 

ILI of the 1942 Report, sce Proceedings, Am. Soc. Testing Mats., Vol. 42, p. 122 (1942). Earlier coating failures are re- 

q corded in the 1940 and 1938 reports, see Proceedings, Am. Soc. Testing Mats., Vol. 40, p. 107 (1940) and Vol. 38, Part I, 
p. 87 (1938). ; 

: fail Figures shown in parentheses are not to be considered final as not all specimens in this weight of coating class have 

failed. 


7 
| 


two. (2) All uncoated sheets have 
failed by perforation. (3) Perforation 
of originally coated sheets has occurred 
among the specimens of all weights of 
coating classes although largely confined 
to classes including and kLelow the 1.50- 


Sandy Heck, N. J. (Last tatulated 
retort in 1940): 


At this locaticn three additional coat- 
ing failures were observed since the last 
report. These are recorded in Table ITI. 

Status.—(1) All sheets show coating 
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sheets have some coating remaining 
on them and are in an unperforated 
condition. 


Key West, Fla. (Last tabulated report 
in 1942): 


Eleven additional perforations of the 
type developing from corrosion of the 
under surface fully described in previous 
reports were observed at the April 4, 
1944, inspection. A record of these 
perforations is shown in Table V. 

Status.—(1) After 17.8 yr. perfora- 
tion as indicated by a brown stain on the 


TABLE V.—RECORD OF INDICATIONS OF PERFORATION OF GALVANIZED SHEETS ON KEY WEST, 
FLA., TEST RACK?. 
Sheets Exposed June 9, 1926. 


Perforations 
Observed 


Time to First Perforation, yr. 
Total 


Number 
» of Number of 
Specimens} Upto | April 4 Specimens 


Description 
in Test 1944, [Perforated | average [Minimum |Maximum 
14.8 yr. 17.8 yr 

No. 16 gage, 2.50 oz. per sq. ft........... 12 none 2 2 am 17.8 

No. 22 gage, 2.50 oz. per sq. ft........... 18 none none none , ; 

No. 2? gage, 2.00 oz. per sq. ft........... 18° 2 4 6 (87.2)” 11.8 

No. 22 gage, 1.50 oz. per sq. ft........... 18 11 2 13 (14.8) 11.8 

No. 22 gage, 1.25 oz. per sq. ft.......... 18° 14 2 16 (13.8) 10.6 

No. 22 gage, 9.75 oz. per sq. ft........... | 14 12 1 13 (12.5) 10.6 

No. 28 gage, 0.75 oz. per sq. ft.......... | 10 9 none 9 (12.9)8 10.6 ie 
No. 22 gage, uncoated.................. | 16 10 ee 10 3.8 2.6 $.7 


__* Presence of yellow-brown stain showing through coating on upper surface from corrosion originating on the under 
side of sheets in the vicinity of the lower purlin. The sheets may neither be visibly perforated nor show coating failure 


on the top surface. 


6 Figures in parenthesis are not to be considered final as not all specimens in this weight of coating class have failed. 
© Two sheets after 14.8 yr. removed from each of the groups marked (c). Among the total of four removed sheets, all 
showed indications of perforation except one of those in the 2.0U-oz. class. 


failure except one of those carrying a 
a 2.50-0z. coating. (2) All uncoated 
sheets are perforated. (3) None of the 
originally coated sheets has become 
perforated. 


State College, Pa. (Last tabulated report 
in 1942): 


Twelve acditicnal ccating failures 
were ol served at this location. A record 
of these failures is shown in Table IV. 

Status—(1) One coating failure has 
now occurred in the 2.00-0z. coating 
Class after 17.47 yr. of exposure. (2) 
All uncoated sheets are in an unper- 
forated condition after 17.47 yr. of 
exposure, (3) All originally coated - 


top surface in the vicinity of the lower 
purlin from corrosion originating on the 
underside has occurred among the speci- 
mens of the heavier weight of coating 
classes and is now found in all sheet 
groups except the No. 22 gage, 2.50-oz. 
group. The failures are confined largely 
to the 0.75-, 1.25-, and 1.50-0z. weight 
of coating classes. (2) Normal coating 
failures are appearing on the unper- 
forated areas of the 0.75-0z. coated 
sheets. Of the 24 sheets in both gage 
groups in this class, 15 show coating 
failure (rusting from the top surface.) 
The areas rusted are small (maximum 
about 10 per cent of surface area). This 
indicates the life of 0.75-0z. coatings to 
= 
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TABLE VI.—REPORT ON INSPECTIONS OF METALLIC COATINGS ON HARDWARE, STRUCTURAL 
Abbreviations and Symbols Used: 0—norust; 5, 10, 25, 100—approximate percentages; R—rusting of base metal; Y—yellow or 
e—edges; th—threads; Tr—trace; sl—slight; n—near; 


ft. 


Weight, oz. 
per sq. 


| 


Electrogalvanized 
Hot-dip galvanized... 
Hot-dip aluminum 
Cadmium plated 
Electric sherardized.. 


Lead plated. 


Electrogalvanized 
Hot-dip galvanized 


Hot-dip aluminum 
Cadmium plated 


Electric sherardized . 


Lead plated 


Electrogalvanized 
Electrogalvanized 


Hot-dip galvanized ... 
Hot-dip aluminum.... 
Cadmium plated... . 
Electric sherardized 


Lead plated 


of surface 


a. 
1938 939 
510 
wks. 


1 
537 
wks. 


| 
/Exposure at Bonnet Island, 


| 

| 

| 
562 
wks. 


1938 
487 Sil 


wks. 


wks. 


Exposure at Altoona, Pa. 


1939 1940 
538 563 592 615 
wks. wks. wks. wks. 


1941 
644 667 


wks. wks. 


1942 


3 BY 3 By 5/16-1IN. PLAIN STEEL ANGLES 


Rack Damaged 


Specimens Mixed 


Rack Damaged 
Specimens Mixed 


3 By 3 By 5/16-1n. Co 


PPER-BEARING STEEL ANGLES 


Rack Damaged 


Specimens Mixed 


n 


99R 
<10R 


Od 
x 


x 


99R 
10R 


0d 
x 


xX 


TrY <10Y 


x 
25R 25R 
Od Od 
x xX 


10Y 10Y 20Y 


< 
ks 


2 BY by 3/16-1n. Prain STEEL ANGLES 


Rack Damaged 


Specimens Mixed 


a 


x 


Od 


x 
x 
Missing 
0d 
x 


from Altoona Rac 


2 By 14 By 3/16-1In. CopperR-BEARING STEEL ANGLES 


Electrogalvanized..... 
Electrogalvanized 
Hot-dip galvanized... .| 


Hot-dip aluminum... 
Cadmium plated 

Electric sherardized 

Gas sherardized 


x x x 


x x x 
<10R <10R <10R 


0d 0d 0d 
x x x 


x 
x 


x 


0d 
x 
0d 


15R 

20Y 

0d 
x 

x 

x 

0d 


Missing 


Specimens Removed 


2-1n. DIAMETER TuBULAR Goops 


Electrogalvanized..... 
Hot-dip galvanized.... 


ne 


Hot-dip aluminum.... 
Cadmium plated...... 
Cadmium plated 
Electric sherardized 
Electric sherardized .. 
Gas sherardized_.. 
Lead plated 


} 


Electrogalvanized 
Hot-dip galvanized 
Hot-dip aluminum 
Cadmium plated 
Cadmium plated 
Electric sherardized 
Electric sherardized 
Gas sherardized 
Calorized . 

Lead plated 
Amaloy 


x 
R 70R* 
70R* 


99R 
20R 


0d 
x 
x 
x 
x 
95R 
0d 


All 


1-1n. DiAMETER TuBULAR Goops 


x 

Od 
30R* 
70R* 


99R 100R 
X 100R 
Od Od 
x 


SI 
or 
Coating 
7 486 ] 
| wks wks. 
- 
| <10R 
0 
0 
x 
8 100Y 
70R* 
R1i00R xX x <10R 
2.33 | | R 25R 25R 0 ‘ 
0.8 Od Od od 0 
x 
50 a = =z | 20Ra 
D4 TrY TrR TrR TrR | 9 
i5 0d 0d 0d 0d 0 
xX x X X 80R 
80Y 
| m od Od od SOR* 
m x x x x x 20Ra 
_ “| <10R <10R 1 30R 0 y 
50 | a 80R 
15 x 
17 | | Xx 
| 50R* 45R 0d 60R* 
9R QR -4| 98R 10R xX x Xx 0 
45Y 80¥ TrR 15R 30R 40R 40R 40R 80R 0 
80 n 
Od Od Od =! Od Od Od Od Od od 0 
x x x x x 90R 
ae Xx x x x x x x 100R 
60R* 95R 95R 95SR 100R 100Y 
75R* Od 0d 0d Od <10R* SR <10R* 70R° 
1.62| 70R 75R 80R 70R 85R 90R 90R 90R x 
1.83 95R 95R 96R xX 4 xX x x 
1.83 Od Od Od Od Od Od Od Od 0d 
030) xX xX x x 
1.18 | x x x x 
0.42 | x X x xX x 
92 xX x xX sUR 90R 90R WR 90R 
72 x 80R 90R 90R 90R 90R 90R 90R 90R 
Od Od 0d Od 0d 0d Od 0d 0d 
35 50R* Od Od Od Od Od 0d Od 0d 
| 70R* 75R* Od Od Od Od Od Od Od Od 
| 
q 
+ 
A q 
; 
Lo} 


s—stain; 


X—100 per cent rust prev iously observed. 


Exposure at State College, Pa. 


1938 
510 
wks. 


193 
537 


wks. 


9 
562 


wks. 


1940 1941 1942 
591 614 643 666 | 487 Sil 538 563 594 615 644 667 720 
wks. wks. wks. wks. | wks. wks. wks. wks. wks. wks. wks. wks. wks. 
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Exposure at Sandy Hook, N. J. 


SHAPES, TUBULAR GOODS, ETC., EXPOSED TO ATMOSPHERE ON TEST RACKS AT FIVE LOCATIONS. 
orange-yellow rust; *— rust spots widely distributed; d—black or dark surface film (soot or dirt); a 


-in angle; <--less than; 


Exposure at Key 
est, Fla 


1941 1938 1939 1940 


3 By 3 By 5/16-IN. PLAIN STEEL ANGLES 


<10R 
0 

0 

x 
100Y 
75R* 


10Ra 
0 

0 

x 
100Y 
75R* 


10Ra 10Ra 15Ra| 35R 35R “35R 40R 40R 40R 
0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

xX x >, 4 x x x x x x 
100Y 100n R1i00nR} 100Y 100Y 100Y 10R 10R 10R 


90Y 90Y 90Y 
85R* 85R* 85R*| 35R SOR* 45R* SOR* 60R* 


70R 
0 

0 

x 
10R 


90Y 90nR 


70R* 


1938 1940 1941 
464 571 623 
wks. wks. wks. 


70R 
0 

0 

x 
10R 


Missing 


60R* 


3 By 3 BY 5/16-1N. CoppeR-BEARING STEEL ANGLES 


<10R 
0 


0 

85R 
<10R 
65R* 


45Ra 
15R 
0 

0 
80R 
20R 


80Y 
SOR* 


10Ra 
0 


0 
75R 
100Y 
75R* 


10Ra 30R 
0 0 0 


30R 30R 30R 30R 
0 0 0 0 


. Specimens Mixed 


0 0 0 0 0 0 ... Rack Damaged 
80R ask 85R x 
100Y 100nR 100Y iR 


75R* 85R* 75R*| 90R* 80R* 


45Ra 
40R 
0 

0 


80R 
40R 


6oY 
55R* 


2 BY 14 BY 3/16-1N. PLAIN STEEL ANGLES 


45R 6OR 70R 75R 70R 60R 75R 


6OR 75R 70R| 85R 85R 100R 100R x 


0 0 0 0 0 0 0 0 0 
0 0 0 0 0 

98R 90R x x x x x x 

x x x 


R 
75R* 80R*| 70R* 70R* 65R* 60). 


0 
0 
x 
x 


60R* 60R* 75R* 75R* 


x 
xX 


10Ra 30R 
0 0 
TrR TrR 
60R 95R 
20R 30R 
80Y 70Y 
18R* 15R* 


2 BY 14 By 3/16-1n. CoppER-BEARING STEEL ANGLES 


75R* 


70R* 


75R* 


75R* 


30R 55R 
0 0 


0 0 0 0 0 


75R* 75R* 80R*| 20R* SOR* SSR* 60R* SOR* 55R* SSR* 75R* 


GOR GOR GOR GOR 6SR 6SR 6SR 6SR 
40R 35R SOR} GOR GOR 70R 75R 80R 80R 80R 80R 
0 0 0 0 0 0 0 0 


0 

0 0A 
x xX 4 
x x § 


2-IN. DIAMETER TUBULAR Goops 


100Y 
85R* 


100Y 
85R* 


Rack Damaged 
Specimens Mixed 


x x 
100Y 100Y 100Y 
95R* 90R* 


1-IN. DIAMETER TUBULAR Goops 


Rack Damaged 
Specimens Mixed 4 Specimens Mixed 


Rack Damaged 


30R* 30R* 


AL 
y or 
Car; 
138 
10Ra 10Ra TrY TrR <10R 
x 0 0 0 0 0 ; 
100Y pf x 96R 98R 99R 
100Y 100Y <10R <10R <10R 
TOR‘ 85R* <10R* 30R* 30R* 
<10R 
0 
100¥ 100Y 100Y | <10R <10R <10R° 
soR* 
4SR 10R: 15R 
20Ra 45R | Ok 
0 0 
80R 0 0 TrR 
60Y 70Y 60 0 
20Ra 30Ra 35Ra 35R: |<10Ra 15R 
20Ra 30R 35Ra 35R | Ra 20R 
0 0 0 f 0 0 0 ‘ 
0 TrR rR 
80R sR GOR 6OR 
X X X 3 X X X 
as x x x 
| = | 45R* 30R* 
© 0 6 oO 0 oO 
6 6 6 0 & 
oon 0 0 0 | TR TR 
9R 99R 95R 95R 100R 100R | “20R 60R 
9R 90R 9R 9SR 100R 9R WR 
100R 9R 99R 100R 
100Y 100Y nR 100nR 100n 
TOR" 40R* 30R* 30R* 
0 0 Try 
TrR TrR TrR 
95R 99R 
TrR TrR TrR 
95R 100R x 
100nR 100nR 100nR 
100nR 100nR 100nR 
100Y 100nR 100nR 
~ 
a 
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VIII or CommitrEE A-5 


TAT LE VI.—REPORT ON INSPECTIONS OF METALLIC COATINGS ON HARDWARE, STRUCTURAL SHAPES, 
Abbreviations and Symbols Used: 0—no rust; 5, 10, 25, 100—approximate percentages; R—rusting of base metal; Y—yellow or 
e—edges; th—tbhreads; Tr—trace; sl—slight; n—near; 


| 
3 Island, | Exposure at Altoona, Pa. 
1938 1939 1938 1939 1940 1941 1942) 1938 
ls Bis, 486 510 537 = 562 487 511 538 563 592 615 644 667 486 
| wks. wks. wks. wks. | wks. wks. wks. wks. wks. wks. wks. wks. 
Forcep STEEL’ Tower Fittincs 
Bolt | 0.31 | x xX x x =x x TrR 
ut | 0.54} 
nie Clamp | 1.15 | 
[Bole 9R 99R 99R x x X X X x XxX x <10R 
Nut 
nized 0.46 
Hot-dip galvanized.....| 2.67 25R 25R 25R 40R 40R SOR 70R 60R 80R 98R 95R 0 
75Y 75Y 75Y 6OY SUY 30Y 40Y 20Y 5Y 
Hot-dip galvanized 1.53 99R 100R Xx 100R Xx x x x x x 15Y 
Cadmium plated 0.40 xX 10R 
Electric sherardized....| 0.50 7 9SR GOR SOR 85R 90R 90R 9OR 95R 98R 98R 100Y 
Gas sherardized x x xX xX xX ».4 xX x x x x 90R 
10Y 
Parkerized ...... x x x x x x x x xX 
Cadmium plated.... 0.26 Xx xX X x Xx x x x x x xX 98R 
Lead plated Esatanwouds ere x x x x x x x x x xX x 
%{-1n. NIPPLES AND ELLs 
Elec trogalva- 1.64 70R 80R 90R 85R 85R 95R 100R x x x 0 
nizec | 1.55 
Elec 2.02 40R 30R 6OR 30R 30R 40R COR 75R 85R 90R 85R 0 
nized lE 2.36 
Electrogalva- |Nipple | 2-43] 95R wR xX X X X X X X 
nized } | 2.90 [4 
Electrogalva- [Nipple | 1:82] 9R RIOR X X X xX | <10R 
nized 0.67 
Hot-dip galvanized M1 | 1.82 70R 80R 90R 95R pe 100R xX xX x xX 0 
~ 0 10 
, Hot-dip galvanized CI | 1.44 80R 98R 98R 4 = 90R = 100R x x xX x | 0 
3 20 10 
*Hot-dipaluminumMI | 3.20| od od od Od Od Od od O4 Od Od od Rth 
Cadmium platec xX S X X xX xX 100 
Cadmium plated C1. | x x x & 
Cadmium plated MI. | .. X x 4 X x xX 
Electric sherardized MJ} 0.63 x X x x xX x xX . 100Y 
n 
Electric sherardized Cl} 0.47 x x x x x & x oon 
50Y 
Gas sherardized MI... | 0.78 x x xX x & = 
50 
Gas sherardized CI 0.84 x zs 70R 
= =< 30 
Parkerized Cl xX xX xX 80R* 85R 80R 100R xX xX xX 
Electric sherardized M1} 0.75 75R 95R 95R 80R 85R 90R 95R 106R x 100Y 
Electric sherardized 0.82 85R 99R 94R 80R 90R 9OR 95R 100R xX xX 
65 
Amaloy MI . 30R* 40R* SOR* 0d Od Od 0 Od 0d Y <10R 9R* 
Amaloy ct. 30R* 30R* 55R* 0d Od = Od 0 Od 0d Y <10R 90R* 
Sloctransive- X xX X xX X X x = 0 
0:28 x xX xX x xX xX xX 0 
olt 0.28 x Xx x 2 xX xX x 
Nut 0.56 
ar Balt” | 0.02 x x xX x x x x x x x 20R 
Elec Nut 0.91 
olt 0.04 xX x x X x x x 70 
{Nat | 0:04 
Clamp | 0.74 
Hot-dip galvanized MI | 1.53 80R 90R 95R xX x x x x x xX x 0 
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TUF ULAR GOODS, ETC., EXPOSED TO ATMOSPHERE ON TEST RACKS AT FIVE LOCATIONS—Continued 


orange-yellow rust; *—rust spots widely distributed; d—black or dark surface film (soot or dirt); a—in angle; <—less than 
s—stain; \—100 per cent rust previously observed. 


Exposure at State College, Pa. Exposure at Sandy Hook, N. J. Exposure at Key 


West, Fla. 


1938 1939 1940 1941 1938 1939 1940 1941 1942} 1938 1940 1941 
510 537 562 591 614 «643 666 487 Sil 538 563 594 615 644 667 72) 404 571 623 
wks. wks. wks. wks. wks. wks. wks. | wks. wks. wks. wks. wks. wks. wks. wks. wks.| wks. wks. wks. 


Forcep Steet Tower Fittincs 


TrR <10R <10R <10R SR 30R 35R 5S5R 6OR 70R 75R <10R <10R <10R Wi 


10R 10R 10R 10R 20R| 6OR 80R 80R 80R 


0 0 0 0 30Y 25Y 40Y or 13R 10R 
35Y 40Y F 50Y 60Y 100Y 100Y 100Y T TrY TrY 
0 0 ( 0 0) 0 20Y 40Y 
25R 30R 45R 6OR 20R 30R 
100Y 100Y 100nR100nR * 100Y 100Y 
9. 
100R x xX bf x x 100nR 100nR 
x 


x 
x xX 


x x 
x x 
x 


x x x 
Xx 80R 70R 
x x Xx 


NIPPLES AND ELLs 


0 TrR TrR <10R <10R <10R <1CR 0 <10R <10R 
0 TrR TrR<10R <10R <10R <1CR 0 <10R <10R 
<10R <10R <10R <10R 35R 35R 35R 40R 40R 40R : <10R 0 
<10R <10R <10 <10R 65R 70R 65 : COR 65R <10R <10R <10R 
25Y 20Y SOY 75Y 4 70Y 80Y 0 0 
iSY 10Y 20Y 50Y coy 
Rth Rth Rth Rth Rth 


Rth Rth Rth Rth 
4 p 4 
4 


0 0 


20R 
30R 
xX 


x 
KKK MMS 


Rack Damaged Specimens Mixed 


x xX xX X xX X >, X xX 
100Y 100Y 95nR 3R<10R 10R 10R 100Y 
97Y 90Y 90Y ‘90Y 90Y 

30R 30R 25R : 3R<10R 10R 10R 100R 

70Y 70Y ooY 97Y 85Y 90Y 90Y 70Y 
80R* 90R* 85R* 90R*| 20R* 60R* 90R*100R* 100R* 100R* 100R* 100R* ooOR 70R 
80R* 90R* 85R* 90R*| 20R* 6GOR* 90R*100R* 100R* 100R* 100R* 100R* 


Tower CLAMPS 


TrR TrR TrR<10R SOR SOR OOR GOR GOR 65R 65R | <10R <10R 
99R 85R 90R TrY 
70R 70R 10R 


20Y 
90R 100R 53R 


Samp!es Mixed When 
Racks Were Moved 


70Y 6oY TrR <10Y 


4 
ES, 
ear; 
— } 
938 
186 
vks. 
rks. | 
TR 
<10R <10! 
0 10R 
15Y Try 
0 40Y 
10R 40R 
100Y 100Y 
90R 
10Y 5 
x R 100R 70k 
98R 100R 5 00 0 
x x's x 
— 
0 
0 
<10R < 
<10R < 
0 
Rth 
Rth Rth Rth Rth Rth SOR 30R 
100R Xx X x X 75R 100R 
X X x = 80R 100R x 
x xX 75R 95R 100R 
x Xx x 2 X 90R 100R xX 
100Y 20R 20R  20R 10R iSR 15) Xx 100Y 100Y 100Y : 
85Y 80Y 80Y 80Y 90Y 15nR 90n) 
SOR 70R SOR SOR SOR 65R 65) 100Y 100Y 100Y 
50Y 65Y 30Y 50¥Y SOY SOY 35Y 35% 
SOR 65R 60R 50R 70R 70R 70R_ 75) xX 50R 100R xX 
SOY 35Y 40Y SOY 30Y 30Y 25* 50Y 
70R 85R 85R 90R 90R 100R xX > X 100R x x 
30Y 1 
x X 
xX X x a 
100Y 100Y 100Y 
35R 30R x 
65Y 70Y 
90R* 80R* 70R 
0 TrR 
0 0 
20R R 
0 10Y 10Y 25Y 20%} 40Y SOY 50Y SC 
e 


TABLE VI.—REPORT ON INSPECTIONS OF METALLIC COATINGS ON HARDWARE, STRUCTURAL SHAPES, 


Abbreviations and Symbols Used: 0—no rust; 5, 10, 25, 100—approximate percentages, R—rusting of base metal; Y—yellow or 


e—edges; th—threads; Tr—trace; sl—slight; n—near; 
4. a! 1939 1938 1939 1940 1941 1942} 1938 
Sho | 486 $10 537 562 487 Sil 538 563 592 615 644 667 486 
|= | wks. wks. wks. wks. | wks. wks. wks. wks. wks. wks. wks. wks. wks, 
Tower CLamps—Continued 
Hot-dip galvanized CI .| 1.75 = 85R 70R x x x = p 4 x x x 0 
50 
Hot-dip galvanized MI | 2.00 10R isR 10R 10R i1SR 10R i5R 20R 20R i15R 30R 0 
90Y 85Y 90Y 90Y 8S5SY 90Y 85Y 8s80Y 80Y 8sY 70Y 
Hot-dip galvanized CI.| 2.38 10R 15SR 10R 10R 15SR 10R 15R iSR 15R 20R 0 
90Y 85Y 90Y 80Y 85Y 90Y 8S5Y 85Y 80Y 
Cadmium plated MI 0.28 xX x x x x => & ss x xX x x 
Cadmium plated CI. . .| 0.28 Xx x x x x x x x x xX x x 
Cadmium plated MI.. .| 0.15 xX x x x x x x x x x x x 
Cadmium plated CI... | 0.17 x x x xX x x x x x x x x 
Electric sherardized ... x x x x x X x x xX 
Electricsherardized CI.| 1.82 pi x x x x x x p 4 x x x 100Y 
Gas sherardized MI 0.50 x x xX - x x x xX xX x x x 90R 
Gas sherardized CI... | 0.63 x x xg 90R 
Parkerized MI Xx x x 4 x x x x = x x xX 
Hot-dipaluminumMI.|3.16| 0d 0d Od Od Od Od Od Od Od Od 0 
Hot-dip aluminum CI..| 2.51 Od Od Od 8 Od Od Od Od Od Od 0d 0d 8 0 
Amaloy X 3 x x x xX xX xX 3 xX 
“1% BY 1% BY Y-In. PLAIN STEEL ANGLES 
Electrogalvanized...... 0.47 x x x | x x x x xX x p x g 30R 
Electrogalvanized...... 1.09 x x X x xX x x x xo 0 
Hot-dip galvanized... .| 3.16| <10R <10R <10R <10R <10R 10R 20R . 0 
Hot-dip aluminum..... 0.89 0d 0d cael 0d Od Od Od Od Od Od 0d 0 
Cadmium plated....... 0.12 x x x § xX x x x ».4 x x x 3 75R 
Electric sherardized....| 0.14 x xX xXx 6 ».4 x x x x x x Xo 65R 
Lead plated........... 20R* 25R* 20R* 10R* 20R* 15R* 10R* 10R* 10R* 10R* 15R* 40R* 
1% BY 1% By %-1n. Copper BEARING STEEL ANGLES 
Electrogalvanized...... 0.76 4 x x @ x x X X x xX xX 30R 
Electrogalvanized...... 0.47 x xX x x x Xx x 35R 
Hot-dip galvanized... .| 3.20 10Y 20Y 15Y & 10R 10R 10R 10R 10R 20R 0 
Hot-dip aluminum..... 1.11 0d x x Od Od Od Od Od Od Od Od 0 
Cadmium plated....... 0.65 x x Xx a x x x x x x x Xa 70R 
Lead plated.......... 20R* 30R* 35R* Od Od Od Od Od Od Od Od 60R’ 
No. BY 2%4-1N. PLAIN STEEL FLATS 
Electrogalvanized......| 0.45 x x > 4 x xX x 0 
Electrogalvanized .| 0.70 95R 98R 98R 98R 98R 98R 100R xX x >.< xX 0 
Hot-dip galvanized. ...| 3.16 20R 15R 15R 10R 15R 20R 30R 30R 40R 60R 65R 0 
40Y 60Y 25¥Y 70Y 70Y 6oY 35Y 
Hot-dip aluminum... ..| 0.89 0d Od Od Od Od Od Od 0d 0 
Cadmium plated....... Xx x x x x xX x x x 65R 
Electric sherardized....| 0.58 x X x x x x 
Gas sherardized....... = x & x ks 2 x x x 
Lead plated ........... 10R* 15R* 15R* Od Od Od Od Od Od 0d 0d 15R° 
No. 14 By 244-IN. Coprer-BEARING STEEL FLats 
Electrogalvanized 0.29 x x x xX xX xX x x <10R 
Electrogalvanized 0.62 95R 98R x xX xX xX 0 
Hot-dip galvanized 3.20 20K 15K 15R 20R 20R 30R 25R 30R SOR 75R 0 
40Y 25¥Y 70Y 75Y 40Y 25Y 
Hot-dip aluminum 0.47 Od Od Od 0d Od Od Od Od Od Od 0d i) 
Cadmium plated xX X xX xX xX x xX xX xX 
Electric sherardized = x xX xX & x 
Gas sherardized....... xX x x x x x x xX xX x 100¥ 
Lead plated............ 10R* 10R* 15R* Od Od Od Od Od Od Od 0d 
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TUBULAR GOODS, ETC., EXPOSED TO ATMOSPHERE ON TEST RACKS AT FIVE LOCATIONS—Continued 
orange-yellow rust; *—rust spots widely distributed; d—black or dark surface film (soot or dirt); a—in angle; < —less than; 
s—stain; X—100 per cent rust previously observed. 
Exposure at State College, Pa. Exposure at Sandy Hook, N. J. erie at Key 
1938 1939 1940 1941 1938 1939 1940 1941 1942} 1938 1940 1941 
510 537 562 591 614 643 666 487 Sil 538 563 594 615 644 667 720) 464 571 623 i 
wks. wks. wks. wks. wks. wks. wks. | wks. wks. wks. wks. wks. wks. wks. wks. wks.| wks. wks. wks. 
Tower Cramps—Continued 
silY 0 10Y 10¥Y iSY 10Y¥| 40Y 40Y SOY SOY SOY SOY SOY <10R 0 0 
0 0 0 0 0 TrY TrY 0 0 0 1SY 20Y 20Y 25Y 60Y 0 0 ‘ 
0 0 0 0 0 0 0 0 0 0 1SY 2Y 20Y 15Y 2Y ¥ 0 0 FE: 
3 
x x x x x x xi x x x x x x x x8! om orm 3 
x x xX x x x x X x xX X 80R 100R 
4 xX xX xX x xX x xX xX x xX xX xX xX x § xX 
x x xX x xX 4 xX 4 xX xX xX x 
x x xX xX xX xX xX xX x ».4 xX xX x xX x x 4 
<10R SOR SOR SOR 100R x x x x x x xX = xX x & 10R 90R Po] 
95Y SOY SOY SOY =) 
90R 90R X xX XxX X X X X X X X X BI or § 
1 3 
90R = 100R x = xX x x x x x x xX x xX & 100R x 5 
10 
xX x xX x x xX x x x x x x x 100R 
67Y 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 87R | 
; 14 By 1% By \-1N. PLAIN STEEL ANGLES 
30R 30R 40R SOR SOR 40R 6OR) 65R 65R 65R 7OR 70R 75R 80R 85R <10R 20R 20R 
0 TrR TrR <10R <10R 10R 10R} 80R 75R 80R 80R 85R 90R 90R 98R TrY TrR <10R 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
75R 80R 80R 80R 80R 90R 85R x x x x x x a xX 35R SOR SOR 
65R 65R 65R 80R 80R 95R 75R x xX x x xX xX x >.< 100nR 100nR 100nR 
xX xX x xX 4 x x x xX x xX x x x ».4 
30R* 40R* SOR* SoR* 60R* 80R* 60R*| 40R* 45R* SOR* 40R* 40R* 40R* 40R* 55R* 40R* 30R* 30R* 
1% By BY 1% By } Ye -IN. Corren- BEARING STEEL ANGLES 
2R 25R 35R 35R 35R 25R 40R 6oR 60R 6sR 60R 6oR 70R 75R 75R 0 <10R <10R 
30R 40R 40R SOR 40R SOR) 90R 90R 90R 95R 98R 100R <10R 10R 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O| TrY TrR TrR 
65R 65R 70R 70R 70R = 85R x x x x x xX x x xX 1isR 20R 20R 
1sSR 25R 30R 40R- SOR- G6OR- 60R- x x x xX x x xX X XX! 100nR 100nR 100nR 
6OY SOY 40Y40nR 
6OR* 65R* 70R* 75R* 75R* 80R* 70R*| 30R* 35R* 35R* 40R* 40R* 40R* 40R* 40R* 30R* 30R* 
No. 14 By PLAIN STEEL Fiats 
0 0 0 0 xX x 4 c xX TrY <10R 
0 0 0 0 0 TrR TrR <10R <10R 15R 35R 40R 45R 0 Try 
0 0 0 0 0 0 TrY TrY TrY TrY SY 10Y SY 0 0 
0 0 0 0 0 0 0 0 0 0 0 oO 0 0 
6OR 80R 85R 90R xX xX X xX xX 17R 25R 
20Y 20Y Rack Down 
15R 20R 20R Specimens Mixed x xX X xX x xX x 10R 
85Y 85Y 80Y 95Y 9Y 
2R 25R 30R 30R 9R 95R 95R 98R Y98R 100R 1iR 5R 
80Y 75Y 70Y 10Y SY SY S5Y 99Y SY 
20R* 20R* 30R* 30R* 20R* 35R* 40R* 35R* 40R* SOR* 40R* SOR*40R*| 15R* 15R* 
No. 4B BY 24-1N. CopPER- B-BEARING STEEL FLats 
<10R 15R 35R 40R 45R 75R 95R 99R 99R 100R X x TrY TrR <10R 
0 0 0 0 0 0<10R| 30R 35R 65R 70OR 80R 95R <10R 20R 
0 0 0 0 0 TrY TrY 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
WR 9R 95R 95R 98R 2 2&2 85R 85R 
23R 2R 30R 40R 40R 90R 95R x x pa ~ x X Rack Down 5R 15R 
25Y 80Y 70Y 60Y 60Y 10Y SY Specimens 95Y ssY 
106Y 100Y <10R <10R 10R TrR 10R| 70OR 90R 9OR SOR Mixed 5R i5R 
90Y 2Y 9%Y 98Y98nR 30Y 10Y 10Y 10Y 95Y 85Y 
35R* 40R* 35R° 40R* 35R* 40R* 15R* 15R* 


101 


iS, 
low or 
near; 
1938 
486 
wks. 
|| 
x 
xX 
0 
0 
x 
x 
30R 
0 
0 
0 
75R 
65R 
x 
40R* 
30R 
35R 
0 
0 
70R 
10R 
0 
0 
0 
65R 
5R 
9sY 
15R 
15R° 
<10R 
0 
0 
0 
15R 
100¥ 
15k’ 
|| 


REPORT OF SUBCOMMITTEE VIII or CommMITTEE A-5 


TABLE VI.—REPORT ON INSPECTIONS OF METALLIC COATINGS ON HARDWARE, STRUCTURAL SHAPES, 
Abbreviations and Symbols Used: O—no rust; 5, 10, 25, 10)—approximate percentages: R—rusting of base metal: Y—yellow or 
e—edges; th—threads; Tr—trace; sl —slight; n—near; 


Exposure at Island, Exposure at Altoona, Pa. 
Coating 
Se z 1938 1939 1938 1939 1940 1941 1942, 1938 
486 510 537 562 487 511 538 563 592 615 644 667 486 
= wks. wks. wks. wks. | wks. wks. wks. wks. wks. wks. wks. wks. wks. 
Y By 6-1N. 
Sherardized............ 1.10 65R 70R 70R x x x x x x x x 10R 
90Y 
Sherardized 0.68 x x x x >, 4 x x x x x x 40Y 
Hot-dip galvanized. ...| 1.61 x x x x x x x xX xX x x 0 
Electrogalvanized......| 0.33 xX xX x X xX = xX x x 
Cadmium plated 0.29 x xX x x x xX x x xX 
Cadmium plated. ...... 0.22 x x x x x a a2 & x xX x 40R 
% sy 24%-1n. Botts 
Sherardized............ 0.87 x x x xX x x x x x x x i 30Y 
Sherardized 0.70 75R 90R 9OR % 70R 70R 80R 90R 90R 95R 100R x I 65Y 
Hot-dip galvanized ....| 1.40 65R SOR SOR 60R 0 
SOY 
Cadmium plated ...... x x x = Xx x xX xX xX x X= xX 
Electrogalvanized .....| 0.20 xX xX xX x x 4 4 x xX 
By 24%-1n. Botts 
Sherardized......... 0.84 95R 100R x = = x ‘ 10Y 
a 
Sherardized. 0.79; 35R 30R SOR SSR 90R 9SR  95R 100R x & 10Y 
Hot-dip galvanized....| 1.48| 80R 80R 95R 6SR 9R 9OR 9SR 9SR 95R 100R 0 
20Y = 
Electrogalvanized......| 0.21 x x xX § x xX 95R 
Electrogalvanized 0.20 x x = @& x X x x xX x x X 90R 
Cadmium plated....... 0.30 x x X & x x x x xX x x x xX 
¥% by 14-1y. Boits 
Sherardized............ 1.20 30R 6OOR , 10R 15R 15R SOR SOR SOR 90R 100R 50Y 
Sherardized 0.89; 9SR 10R X 80R 70R 80R 80R 90R 100R X soy 
Hot-dip galvanized 1.45 95R 100R 80R 90R 90R 100R xX xX X 0 
Electrogalvanized. . 0.18 xX X xX xX xX X 
Cadmium plated ... 0.14 x x x ©& xX Xx xX xX x xX x x 
Cadmium plated.......| 0.15 & x x =* x 
Roorinc NAILs 
Sherardized......... ..| 0.90 x x X xX xX Xx x x x 20R 
Sherardized......... 0.86 x >, 4 x x xX x xX x X Rack Damaged 20R 
Specimens 
Cadmium plated...... x X X xX X x x xX x Mixed x 
Hot-dip galvanized..... 1.34 X xX - xX X x x xX xX 0 
Hot-dip galvanized.....| 1.15 X X xX X Xx xX x xX x 0 
Electrogalvanized...... X x xX xX xX xX xX x 
20R* 20R* 20R* ... 30R* 20R* 20R* 20R* 30R* 30R* x 
No. 14 By 244-1N. Woop Screws 
Sherardized 0.86 X xX x X xX x x xX x <10R 
Cadmium plated.......| 0.07 xX xX xX x x xX x xX xX xX 15R 
Hot-dip galvanized.....| 1.26 xX x xX x & xX xX > 0 
Cadmium plated 0.04 xX x x x & = x xX 
Hot-dip galvanized.....| ... x X = x xX x x 0 
Parkerized x x x x x x 
Electrogalvanized...... x x x = xX xX x x 
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ss TUBULAR GOODS, ETC., EXPOSED TO ATMOSPHERE ON TEST RACKS AT FIVE LOCATIONS—Continued 
ae orange-yellow rust; *—rust spots wilelv distributed; d—black or dark surface film (soot or dirt); a—in angle; <—less than; 
; s—stain; X—100 per cent rust previously observed. 
Exposure at State College, Pa. Exposure at Sandy Hook, N. J. Exposure at Key 
West, Fla. 
1938 
486 1938 1939 1940 1941 1938 1939 1940 1941 1942] 1938 1940 1941 
on 510 537 S62 SOL 614 643 666 | 487 Sil 538 563 594 615 644 667 720] 464 571 623 
2 wks. wks. wks. wks. wks. wks. wks. | wks. wks. wks. wks. wks. wks. wks. wks. wks.| wks. wks. wks. | 
By 6-1n. Botts 
oR. SOR GOR WR 10R X X| X X X X X X X X = 
50 
100Y 100Y 100Y 100Y 100Y 25Y TR SOR 8sR X X X X 100Y 100Y 100Y 
1; 
0 0 0 0 TrY TrY 5R TrR| 40Y 6OY 90Y 100Y 100Y<10R 5R 20R 100Y 100Y 100Y 
x 95Y 100Y 95Y 80Y 
40R x x x xX ».4 x xX x x xX x x = x 
5% By 24%-1N. Botts 
70Y 80¥Y 100Y 100Y 100Y 75Y 100Y; SR 15R 30R 30R 40R &85R 85R 95R 75Y 100Y 100Y 
6sy 95Y 85Y 70Y 70Y 60Y 15Y 
100Y 100Y 100Y TrR 20R 75R = =.= 
99Y 80Y 25Y 
0 0 0 TrY TrY 25Y 2Y 0 TrY TrY 30Y GOY 65Y 80Y 0 0 0 
¥ by 2-1N. Botts 
10Y 90Y 100¥ 100Y 100Y SOY 100Y| 30R SOR 80R 9R 99R 99R 100R sSoY 
10Y 85Y 70Y SOY 10Y 
30Y 90Y 100Y 100Y 95Y 20R} X xX xX xX 1000R 
0 TrY TrY TrY Tr¥Y 20Y Try TrY TrY 25Y GOY 70Y 80Y 0 Mixed 
oe sR 9R 9SR 9SR 9SR 10R X| X X X X X X X X 90R 
x x xX xX x x xX x x x x xX x x x y 
sy 14-1n. Bo.ts 
SOY 95Y 100Y 10R 10R 60R| 10R 30R 30R GOR SOR 100R X X 95nR 100nR 100nR 
soy 75¥ 40Y| 90Y 70Y 70Y 40Y SOY 
9 SOY SSY 100¥ 100Y 100Y SOY 100Y 100Y 100Y 100Y 
0 0 0 0 0 10Y Q Tr¥Y Tr¥ 25Y GY 65Y 90Y 100Y 0 0 0 { 
x x x x xX x x x x x x x xX x xX = 9R 
50 
1-1n. RooFInG NAILS 
20K x x x x xX x xX x 
90 
. x xX X X= X Missing x x xX x x x x x Missing 
x 0 0 0 0 0 
X Xx x xX xX x xX xX x xX x x 
— 14 By 244-1n. Woop ScrREws 
SOR 4OR OR TOR GOR WR) X X X X X X X X 
0 
WR 3OR 2K X X X X X X XK X 
2R 2R 3OR 35R X X X X X X X X 
0 0 0 0 0 100Y Try| TrR TrK<10K <10K<10K<10K SK 10K Missing 
x SOY YY YY WY 
0 0 0 0 TrY 100¥ TrR TrX TrK<10K<10R SR 10K 
x SOY 70¥ Ys¥ 95Y 


TABLE VI.—REPORT ON INSPECTIONS OF METALLIC COATINGS ON HARDWARE, STRUCTURAL SHAPES, 
Abbreviations and Symbols Used: 0—no rust; 5, 10, 25, 100—approximate percentages; R—rusti 


of base metal; Y—yellow or 


e—edges; th—threads; ce; sl—slight; n—near; 
Exposure at Island, Exposure at Altoona, Pa. 
af ‘ 
Coating Sgt 
4. 4 1938 1939 1938 1939 1940 1941 1942) 1938 
3 As| 486 510 537 562 487 511 538 563 592 615 644 667 486 
= wks. wks. wks. wks.| wks. wks. wks. wks. wks. wks. wks. wks. wks. 
Electrogalvanized...... 0.21 80R 20R 65R 9R 9OR 95R 95R 98R 100R 0 
Electrogalvanized...... 0.16 x x x x xX x x = 2 x <10R 
Hot-dip galvanized..... 1.56 35R 70R 70R 75R 75R 7OR 90R 95R 95R 95R 100R 0 
65Y 30Y 30Y 30Y 10Y SY 5Y 5Y 
Cadmium plated.......| 0.12 xX x x xX = x ».4 xX xX x x x 
Cadmium plated... 0.19 xX x xX xX xX xX zx = 80R 
Electric sherardized....| 0.28 x x x a x x x x x 
10 
Gas sherardized........ 0.19 x x x x xX x x xX = x x 
Electric sherardized....| 0.28 x x x 85R 85R 100R x p 4 x x x 100Y 
ER ag x x x 100R x x x x x x x 
FREE a 10R* 30R* 30R* 0d Od Od Od Od Od Od 0d 80R* 
Hot-dip aluminum..... 1.84 0d 0d 0d 0d Od Od Od Od Od Od 0d sas 
Stee. Hinces 
Cadmium plated....... 0.29 x x x x x x xX x x x x 80R 
Cadmium plated....... 0.32 x x x x x 
Electric sherardized....| 0.40 x x x x 
Gas sherardized........ 0.68 x x x x X 95R 
Electrogalvanized...... 0.19 x x x x x x x xX x X= 
BuLipoc CLamps 
Electrogalvanized ..... 3.41 55R GOR 70R 80R 80R 80R 90R 90R 90R 95R 95R 
Hot-dip galvanized..... 1.88 9SR 9SR x x x x x x x 
Cadmium plated....... 0.22 xX x x xX xX xX x x x x xX x 
Cadmium plated....... 0.17 x x x x xX x x x x X xX 
Gas sherardized........ 0.46 x >. 4 x g x x x x x x x x Zz 100Y 
> 
Electric sherardized....| 1.25 x xX x x x x x x = x xX 2 100Y 
Electric sherardized....| 0.58 x x xX X xX xX xX x 107 
Hot-dip aluminum. .... 1.35 Od Od 0d 0d Od Od Od Od Od Od 0d 0 
Parkerized............. ABE: x xX xX 20R 20R 20R 20R* 25R* 30R* 30R* SOR* x 
BY 3-1N. PLAIN STEEL FLATS 
Electrogalvanized...... 0.76). . X = x x xz 2.232 x. 0 
Electrogalvanized...... 0.45 x x x & x x x 0 
Hot-dip galvanized..... 2.49 xX & <10R 10R 10R 10R 10R 20R S5R 60R & 0 
= 25Y SOY 80Y 8yY 95Y = 
Hot-dip aluminum..... 0.90 0d 0d od < 0d Od Od Od Od 0d < 0 
Electric sherardized.... x x x x x Missing 
Gas sherardized........ 0.12 x x x xX x x x xX xX 
Lead plated........... 35R* 30R* 30R* 0d Od Od Od 
Electrogalvanized...... 0.84 x x x x = & 0 
Electrogalvanized... 0.66 9R 97R 98R x x =z 4 0 
Hot-dip galvanized. .... 2.67 | <10Y <10Y TrR <10R 15R 10R 10R 10R  10R 0 
10Y 20Y 30Y 30Y 50Y 
Hot-dip aluminum..... 0.66 Od Od Od 0d Od Od Od... es 0 
Cadmium plated .......| 0.27 x x x x 90R 
Electric sherardized....| ... x x x x Missing 
Gas sherardized........ 0.18 x x x x & x x 
Lead plated............ ‘ 40R* 30R* 35R* Od Od Od Od Od Od 40R’ 


T 
1 
1 
< 
— 
9. 
1 
65] 
95 
10 
SOR 


= 


TUBULAR GOODS, ETC., EXPOSED TO ATMOSPHERE ON TEST RACKS AT FIVE LOCATIONS—Continued 
orange-yellow rust; *—rust spots widely distributed; d—black or dark surface film (soot or dirt); a—in angle; <—less than; 
s—stain; X—100 per cent rust previously observed. 


Exposure at State College, Pa. Exposure at Sandy Hook, N. J. Ragqgyene gt Key 
1938 1939 1940 1941 1938 1939 1940 1941 1942} 1938 1940 1941 
510 537 562 591 614 643 666 487 Sil 538 563 594 615 644 667 720 464 571 623 
wks. wks. wks. wks. wks. wks. wks. | wks. wks. wks. wks. wks. wks. wks. wks. wks.| wks. wks. wks. 
0 0 0 0 0 0 TrR} <10R <10R <10R <10R <10R <10R<10R 15R 0 TrR TrR 
<10R <10R <10R 10R 20R 30R} 80R 80R 85R 90R Y5R 10R 10R 10R 
Rte TE Te Te BT 2Y TrY| 15Y 20Y 25Y 2Y 40Y SOY SOY 75R 0 0 0 . 
x xX x x x x x x x 93R 99R 
80R 80R 80R 85R 100R 90R} X X 3 Xx xX X x X 10R 10R 10R 
25 
90R 10R xi x x X X xX xX xX x x 
5 
p x A 4 x x x x X x x x x x x xX x 
100Y 100Y 100Y 100Y 100Y ae 100Y} 100Y 100Y 100Y 100Y 100Y 100Y 100Y 100Y 100Y 100Y 100Y 
x x x x x x x x x x x x x xX p x x ».4 
6OR* 60R* 80R* 80R* 80R* 98R* 100R|98R* 100R* xX x x xX 67R 100R x 
nee Od 0d 0d 0d Od Od 0 0 0 0 0 0 0 0 <10R <10R <10R 
xX 4 x x x x x 30R 40R 60R 
x x ».4 xX x x x 10R 20R 20R 
i 30Y 60Y G6OY 6OY 85Y 90Y 90Y xX 0 0 
Rack Down x x x x x x x xX 20R 100R x 
Samples Missing 80nR 
20R 90R 95R 100R x xX x x 5R 100nR iR 
80Y 95nR 99nR 
= xX x xX Xx xX x xX xX X 
x x x x x xX x x x x xX 
BuLitpoc CLAMPS 
TrR<10R 10R 10R 10R 15R 20R 25R 0 0 
SOY 60Y 70Y 70Y 80Y 100Y 1R TrR 0 0 0 
99Y 100Y 
xX x xX xX x xX xX x x Xx xX x x 
X xX xX x Xx xX x x xX a xX x x x xX 
100Y 100Y 100Y 10R Rack Down x x x x xX x xX xX 100Y SOR SOR 
90Y Specimens Mixed 50Y SOY 
100Y 100Y 100Y 100Y 30R GOR 65R 65R 70R 70R 70R 100R 100Y 100Y 100Y 
40Y 35Y 30Y 30Y 30Y 
<10R <10R 10R 10R x x ps xX x x xX x 100Y 100Y 100Y 
0 0 0 0 0 0 0 0 0 0 0 0 <10R <10R <10R 
x x ade x x x x x x x xX x x x 
By 3-1N. PLAIN STEEL FLats 
0 0 0 TrY <10R - 20R' 65R 75R 90R 90R 95R 97R 98R 95R TrR <10R <10R 
10 
0 0 0 TrY.<10R <10R 10R| 65R 70R 80R 80R 80R 85R 95R - <10R <10R <10R 
0 0 0 0 0 0 0 0 0 0 0 0 0 TrR TrY oR 0 TrR TrR 
SR 95R 98R 98R 100R X & & 2-2 <10R 10R 100R 
10R 20R 25R 40R 40R 25R 70R x x. xX x x x xX xX ...| 100Y 100Y 100Y 
9Y 80Y 75Y 60OY 60Y 75nR 30Y 
x x xX x x xX x xX x xX 4 x x = 
65R* 65R* 75R* 80R* 75R* 80R* 80R*) 30R* 30R* 35R* 30R* 30R* 30R* 40R* 35R*30R*| 35R* SOR* 5SOR* 
By 3-IN. Copper-BEARING STEEL FLats 4 
0 0 0 TrY <10R 10R 20R! GOR 65SR 75R 80R 80R 95R 9SR 95R 0 0 o- 
10Y 
0 0 0 0 0 0 TrY| SOR SOR SSR 9OR ... 0 0 TrR 
0 0 0 0 0 0 0 0 0 0 TrY Try 0 Try 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 TrY TrR TrR 
9R 95SR 95R 99R 99R 100R x xX xX xX x x ».4 xX 30R SOR 
10R 20R 25R 30R 30R 25R 75R xX xX xX xX xX xX x b 100Y 100Y 100Y 
80Y 75Y 70Y 70Y 75nR 25nR 
xX x Xx x x 3 x xX x x Xx x x x 
SOR*® 65R* 65R* 65R* 60R* 80R* 70R*| 30R* 35R* 35R* 30R* 40R* 40R* 40R* 40R*35R*| 30K* 30R* 30R* 


s, 
or 
ar; 
8 
0 
10R 
0 
x 
80R 
90R 
10Y 
x 
100Y 
x 
80R* 
80R 
xX 
95R 
x 
x 
x 
100Y 
100Y 
100Y 
0 
x 
| ) 
= 
10Y 
10R 
90Y 
x 
0 
0 
0 
0 
90R 
10R 
OY 
x 
105 


Report or VIII or Committee A-5 


TABLE VI.—REPORT ON INSPECTIONS OF METALLIC COATINGS ON HARDWARE, STRUCTURAL SHAPES, 
Abbreviations and Symbuls Used: O—no rust; 5,10, 25, 100—approximate percentages; R—rusting of base metal; Y—yellow or 


e—edges; th—threads; ‘IT'r—trace; sl—slight; n—near; 


| 
| Exposure Island, Exposure at Altoona, Pa. 
a. 
Coating 
938 1939 1938 1939 1940 1941 1942) 1938 
o Es 486 510 537 562 487 511 538 563 592 615 644 667 486 
= wks. wks. wks. wks. | wks. wks. wks. wks. wks. wks. wks. wks. wks. 
No. 239 Winpow Frame 
Electrogalvanized......| 0.67 x x xX x x x <10Ra 
Electrogalvanized.... 0.24 xX x x x x x <10R 
Hot-dip galvanized 3.10 <10R <10R 10R 10R 10R 10R 3 0 
a 20Y 30Y Rack Down 
Hot-dip aluminum 0.61 Missing 01 od voi o1.. Specimens 
Cadmium plated 0.24 x xX xX X x Mixed 70R 
Electric sherardized 0.52 2 xX x x xX xX 3R 
Try TrY TrY 0d Od =| 5SOR* 
No. 792 Winpow Frame SECTIONS 
Electrogalvanized...... 0.54 = xX xX x xX x x x 30Ra 
Electrogalvanized ..| O.35 xX x x c x x 40R 
Hot-dip galvanized... 2.60 = 10R 15R 15R 40R 40R 40R 70R 40R £ 0 
| 20Y 30Y 30¥Y 6OY 60Y £ 
Hot-dip aluminum.....| 1.39 d Od O01 Od 0O1 01 a. 
Cadmium plated ..| 0.22 Missing S x xX xX x x xX » 4 x ¢ 30R 
Cadmium plated.......| 0.17 | = + 4 xX xX xX x x X X 6 90R 
Gas sherardized 0.53 x xX xX xX x x x X 
7) 40 
re x x x x x xX = x xX 
No. 161 Winpow SEcTIONS 
Electrogalvanized...... 0.89 xX x x SOR 
Flectrogalvanized 0.81 x x x 60R 
Hot-dip galvanized .| 2.97 | <10R <10R 0 
Hot-d'p aluminum 0.66 0d 01 0d 0 
Cadmium plated 0.22 X x x an Rack Damaged n 90R 
Cadmium pla ed 0.15 X X a Specimens Mixed = 85R 
Electric sherardized 0.32 >. 4 x = 100Y 
Gas sherardized . 0.42 x x 
9 
Parkerized x x x x 


be of the order of 17 to 18 yr. at this 
location. (3) All uncoated sheets had 
previously been perforated (average time 
3.8 yr.). 


Exposure Tests OF METALLIC COATED 
HARDWARE 

The inspection of metallic coated 
hardware, structural shapes, tubular 
goods, etc., has been carried out on the 
dates of the scheduled visits made to test 
plots for inspecting galvanized shects. 

The last tabulation of data showing 
the progress of rusting on test pieces 
was issued with the 1938 report.? In 


: 2 Proceedings, Am. Soc. Testing Mats., Vol. 38, p. 84 
1938). 


1942 the test racks at State College, 
Pa., and Sandy Hook, N. J., were re- 
built. Only those specimens which ap- 
peared to merit further testing were 
remounted. The arrangement of the 
specimens on the reconstructed racks 
was shown in Tables III and IV of the 
1943 Report of Committee A-5.* 

The present report extends the tabu- 
lation of the observations to the time 
of remounting, October, 1942. These 
data will be found in Table VI. A brief 
summary of the status of the tests at 
each location at that time follows. It is 


3 Proceelings, Am. Soc. Testing Mats., Vol. 43, pp. 74 
and 76 (1943). 
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TUBULAR GOODS, ETC., EXPOSED TO ATMOSPHERE ON TEST RACKS AT FIVE LOCATIONS—Concluded 


orange-yellow rust; *—rust spots wide:y distributed; d—black or dark su-face film (soot or dirt); a—in angle; < 


s—stain; X—10U per cent rust previously observed. 


<—less than; 


Exposure at State College, Pa. Exposure at Sandy Huok, N. J. Ex oa at Key 
1938 1939 1940 1941 1938 1939 1940 1941 1942; 1938 1940 1941 
510 537 562 591 614 643 666 487 Sil 538 563 594 615 644 667 720 464 571 623 
wks. wks. wks. wks. wks. wks. wks. | wks. wks. wks. wks. wks. wkg. wks. wks. wks.| wks. wks. wks. 
No. 209 Winpow Frame SECTIONS 
10Ra 15Ra 30R 25R 15R 20R 25R 
<10Ra <10R 10Ra 10R <10R <10R 10R 
0 0 0 0 0 0 
Rack Down Rack Down 
0 0 0 0 Specimens Mixed Specimens Mixed : 0 0 
75R 80R 90R 90R 65R  80R 80R 
10R 15R 25R 30R 100Y 100Y 100Y 
90Y 85Y 75Y 70Y 
75R* 7OR* 80R* 80R* 40R* 40R* 40R* 
No. 792 Winpow FRAME SECTIONS 
35Ra 35Ra 40Ra 9SR 97R 98R 99R 99R 99R 100R 10R 10R 15R 
40R 45Ra SOR SOR 97R = 99R 100R X ~ 75R 75R 75R 
0 0 0 0 0 0 Trev Ted SE 0 0 0 
Rack Down 
0 0 0 0 Specimens 0 0 0 0 0 0 0 0 0 0 0 0 
25R 35R SOR SOR Mixed x x xX ».4 x x & 15R 25R 30R 
WR 9R 95R xX x x 4 x & 70R 80R 40R 
100Y 100Y 100Y 100Y xX xX Xx x xX x X 100Y 100Y 100Y 
70R 70R 85R 10R 15R 20R 30R 30R 6OR 6O0R 90R100R 40R 40R 40R 
90Y 85Y 80Y 70Y 70Y 40Y 40Y 10nR 60Y 60Y 60Y 
xX x 4 x x x xX x xX xX x x 
No. 161 Winpow Frame SecTIONS 
SOR SOR GOR GOR GOR 75R 70R| 
OOR 65R 70R 70R 90R 90R) 
0 0 0 0 0 Rack Down 7 
0 0 0 Specimens Mixed — 7 
%R 95R 95R 98R Rack Down Speci 
8R 85R 90R 90R 90R_ Specimens Mixed 
100Y 100¥Y 100Y 100Y 100Y Mixed 30R 30R 30R SOR SOR SOR 75R 70R _ 
: 70Y 70Y SOY SOY SOY 25Y 30nR 
TR TrR 15R 15R 95R 95R 100R x x xX x 
98Y 98Y 85Y 85Y 85Y 
X x = x x x a & x x xX = xX 


hoped that a more definitive summary 


detail, 


dark Lut free from rust. 


For greater 


of the performance of the various coat- 
ings can ke presented when the next 
complete report on hardware is pub- 
lished. 


Altoona, Pa.:4 


(1) After an exposure of 12.8 yr., all 
specimens were completely rusted except 
those coated with aluminum, those 
coated with lead, and some of those 
coated with zinc. Rusting had started 
on all zinc- and most of the lead-coated 
pieces. The aluminum coatings were 


4A strict evaluation of the relative merits of the 
different types of metallic coatirgs should not Le made 


from these observations without consideraticn of of the 
rather wide spread in coating thicknesses. 


see Table VI. 
mens were accidentally lost during a 
1942 scrap salvage campaign. 


(2) All speci- 


Brunot Island (Pittsburgh), Pa.:' 


(1) All specimens were stolen during 
the summer of 1939. (2) At the last 
inspection made (April, 1939) after an 
exposure of 10.3 yr., all specimens had 
rusted completely except those coated 
with aluminum, those coated with lead, 
and some of those coated with zinc. 
Rusting had started on all zinc- and 
lead-coated pieces. The aluminum coat- 


ings were dark but free from rust. -_ 


| q 
Ss, | 
or | | 
ar; 
38 
cS. 
ORa 
10R 
0 
0 
70R 
3R 
97Y 
50R* 
30Ra 
40R 
0 
30R 
OR 
100Y 
40Y 
50R 
6OR 
0 
0 
90R 
85R 
100Y 
TR | 
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ap- 
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the | 
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q State College, Pa.:4 


« 


e 
as 


| 


Jocations. 


After an exposure of 12.8 yr.: (1) 
complete rusting is confined largely to 
Parkerized and thin electrogalvanized, 
Sherardized, and cadmium coatings; 
(2) a few of the hot-dip, zinc coatings 
show yellow alloy layer rust; (3) all 
aluminum-coated pieces are free from 
rust except at threaded areas where the 
threads had been recut due to roughness 
of coating; (4) the lead-coated specimens 
show definitely more rusting at this 
location than at the severe industrial 


A few sets of lead-coated 


REPORT OF SUBCOMMITTEE VIII oF CommiTTEE A-5_ 


(3) a few of the aluminum-coated pieces 
show yellow rust, and these coatings 
permitted rusting also in areas of recut 
threads; (4) the lead-coated specimens 
show typical pinhole rusting to a greater 
extent than at the severe industrial 
locations. A few sets are completely 
rust-covered though for the most part 
not rusted to a scaling state, but there 
is an indication that this deep-seated 
rusting is starting on a few specimens at 
this location. 


Key West, Fla.:' 


After an exposure of 12.0 yr.: (1) 


TABLE VII.—CORROSION ( ‘ONDITIONS OF ZINC-COATED D WIRES AFTER 
APPROXIMATELY SEVEN YEARS’ EXPOSURE. 


R = rust; Y = yellowed; G = gray; M = metallic; MG and = = intermediate states. 


Coating Group 


Bridgeport 


= 


to 0.30 oz. 
to 0.35 oz. 
to 0.45 oz. 
to 0.55 oz. 
to 0.60 oz. 
to 0.70 oz. 
to 0.85 oz. 
to 1.00 oz. 
to 1.35 oz. per sq. 

to 1.85 oz. per sq. ft. 
or more oz. per sq. ft. 


per sq. 
per sq. 
per sq. 
per sq. 
per sq. 
per sq. 
per sq. 
per sq. 


| pittsburgh 


3s 


pieces are completely rusted. ‘The rust- 
ing is in the form of pinhole spots gen- 
erally scattered over most of the surface 
of each specimen. While these are un- 
sightly, the coating must still be consid- 
ered to have considerable protective 
value because deep-seated scale rusting 
has not appeared on any of these lead- 
coated specimens. 


Sandy Look, N. 


After an exposure of 12.8 yr.: (1) 
complete rusting has occurred on all 
Parkerized, cadmium plated, and some 
of the thinly coated electrogalvanized 
and Sherardized pieces; (2) several of the 
hot-dip zinc-coated pieces show. rust; 


tate College 


Manhattan 
Santa Cruz 


Lafayette 
| College Station, 


MG 

G 
MG 
MG 


M | MG 
i | ; MG 


complete rusting has occurred on all 
Parkerized and some of the thinly coated 
electrogalvanized, Sherardized, and cad- 
mium-plated pieces; (2) most of the 
hot-dip galvanized pieces are free from 
rust, though a few sets show traces of 
rust; (3) about half of the sets of alum- 
inum-coated pieces have rusted at this 
location although the surface area af- 
fected is small on most of the specimens 
involved; (4) the lead-coated specimens 
show pinhole rusting characteristics of 
this coating to a slightly greater extent 
than at the severe industrial locations, 
but less than at Sandy Hook. A few 
sets are completely rust covered. 


| 
| 
{ 
| 
a 
= 
: | 100R | 100R | 100R | 100R | 49R | G | 100R | 28R G 
100R | 100R | 80R | 100R | 36R | G | 76R | IR G 
100R | 100R | 10R | 95R | IR G | 24R GY G 
| 100R | 100R IR | G G IR G 
| 99R | 100R | GY iR G | MG G iR | MG 
P| 75R | 80R | Y G G | MG G IR G 
70R | 9SR | GY G G | MG G 1R | MG 
30R | 25R | GY G G | MG G 1R | MG | 
|100R | GY | GY | GY G G | MG | MG eo. | 
| 100R G G G|™M G | MG | 
G G G | M G | MG 
| 
4 
| 
| | 
fa, : 


Lions, 
few 
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EXPOSURE TESTS OF WIRE AND WIRE 
PRODUCTS 


Semiannual inspections of the numer- 
ous specimens on exposure at Pittsburgh, 
Sandy Hook, Bridgeport, and State 
College were continued in 1943. The 
regular annual inspections at the uni- 
versity test plots were made by the 
resident university people. The findings 
from these visual inspections are sum- 
marized in Table VII. 

During 1943 there were removed 174 
tension specimens, as shown in Table 
VIII. The tension tests on these wires 
do not show any change in the rate of 
strength loss previously reported. No 


TABLE va .—NUMBER OF WIRE SPECIMENS RE- 
MOVED FOR TENSION TESTS. 


he 
Number of Wires | -2 
Removed in 1943 | a, 8 
Location 
25/2 
5A 
4) 0 405 | 488 
Sandy Hook... -| 11] 36] 0] 0 148 195 
Bridgeport .. 4) 0 130 | 164 
State College 0; 6) 4] 0 52 62 
All other 0} 0} 282 | 282 
15 |147 | 12 | | 1017 | 119% 
= & 


ag? 


appreciable loss of strength was noted 
for any of the lead-coated specimens. 
Analyses made on lead coatings during 
the year have indicated that the bonding 
layer observable in the previously pub- 
lished photomicrographs may be a zinc 
coating inasmuch as the analyses showed 
the coatings to contain zinc. The ana- 
lytical data have been reported as an 
addendum to the 1943 Report of Com- 
mittee A-5.° 

In addition to the above removals, 
one set (36 wires) of weight loss speci- 
mens was removed from State College. 
The data on these wires confirmed the 
previously reported annual weight loss of 
0.06 oz. per sq. ft. at this test site. 


This report has been submitted to 
letter ballot of Subcommittee VIII 
which consists of 64 members; 48 mem- 
bers returned their ballots, of whom 47 
have voted afiirmatively, and 0 neg- 
atively. 


Respectfully submitted on behalf of 
the subcommittee, 


C. E, REINHARD, 
Chairman, 


5 Proceedings, Am. Soc. Testing Mats., Vol. 43, p, 78 
(1943). 
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APPENDIX 


PROPOSED SPECIFICATIONS FOR LEAD-ALLOY (HOT-DIP) COATED 
STEEL SHEETS'! 


( These are proposed specifications and are publ'shed as information only. 


Comments are solicited and should be addressed to the American 


Society for Testing Materials, 260 S. Broad St., 


Scope 

1. These specifications cover steel 
sheets, lead-alloy coated by the hot-dip 
process. No weight of coating is speci- 
fied (Note) as these specifications cover 
sheets with commercial coatings for 
general utility. 

Note.—Due to the present status of the art 
of applying hot-dipped lead-alloy coatings, the 
committee responsible for these specifications 
has not found it practicable at present to list 
weights of coating. If minimum weight of coat- 
ing by a sheet weight test is desired it should be 
subject to negotiation between the manufacturer 
and the purchaser. 


Interpretation of Numerical Require- 
ments 


2. The numerical requirements of 
these specifications are subject to the 
interpretations set forth in the Tentative 
Recommended Practices for Designation 
of Numerical Requirements in Standards 
(A.S.T.M. Designation: E 29).2 Particu- 
lar attention is called to the use of the 
phrase “‘to the nearest . . . ” in expressing 
specified limits. 


Pase Metal Manufacture 

3. The base metal shall be made by 
the acid-bessemer or basic open-hearth 
process. 
Pease Metal Chemical Composition 

4. No requirements for chemical com- 


' These proposed specifications are under the julie 
tion of the AS.T.M. Committee A-5 on Corrcsion of lron 
and Steel. Published as information, June, 1944. 

21944 Book of A.S.T.M. Standards, Part I 


Philadelphia 2, Pu. 


position of the base metal are specified 
except that when a copper content is 
ordered it shall conform to the following 
requirements: 

Copper, min., 
per cent): 


Check analysis................ 


per cent (to the nearest 0.01 


Base Metal Check Analysis 


5. A check analysis may be made by 
the purchaser, using drillings or millings 
from the test specimens specified in 
Section 9 after removal of the lead 
coating. The copper content thus de- 
termined shall conform to the require- 
ments specified in Section 4. 


Lead for Coating 


6. The lead used for the coating may 
be secondary metal, or reclaimed lead, 
containing not more than 2.5 per cent tin 
(tin shall be determined to the nearest 
0.1 per cent). 


Base Metal Bend Tests 


7. The bend test specimen specified in 
Section 9 shall stand being bent cold 
through 180 deg. in either direction with- 
out fracture of the base metal. Sheet 
metal lighter than No. 16 gage shall be 
bent flat on itself, and No. 16 gage and 
heavier shall be bent over one thickness 
of the specimen tested. A vise with 
smooth jaws and operated by hand shall 
be used for making the bend tests. 
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Coating Bend Tests 


8. The bend test specimen specified in 
Section 9 shall stand being bent cold 
through 180 deg. in either direction with- 
out flaking or cracking of the coating on 
the specimen. Sheet metal lighter than 
No. 16 gage shall be bent flat on itself and 
No. 16 gage and heavier shall be bent 
over one thickness of the specimen 
tested. A vise with smooth jaws and 
operated by hand shall be used for mak- 
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1000 sheets or fraction thereof of each 


gage. If the sheet fails to conform to 
the bend test requirements prescribed in 
Sections 7 and 8, retest shall be made 
from two other sheets in the same lot 
and if either of these sheets fails to con- 
form to the requirements the lot shall be 
rejected. 
f 
Permissible Variations in Weight | 


11. Gage weights shall not vary from 
those in Table I by more than the limits 


ing the bend tests. Mage: 
d 6 shown in Table II calculated to the 
1S TABLE I.—LEAD-ALLCY CCATED SHEET GAGE. nearest fifth significant figure on the 
g Weight of Coating basis of the ordered size. . | 
Lead-Alloy 
Coated Sheet TABLE IIl.—PERMISSIBLE VARIATIONS FROM a 
01 Gage Number | 02 per Ib per Ib per ORDERED GAGE WEIGHT FOR ALL O 
It sq. ft. sq in. ONE GAGE AND SIZE. 
7.0312 0.048828 
7812 
0.03580 
4.5312 | 0.031467 Under | Under 
3.9062 0.027127 20 tons | 20 tons | 3 tons Under 
by 3.2812 0.022786 to to ton 
2.9688 0.020616 over _tons, | 1 ton, 
gS 2.6562 0.018446 incl. incl. 
2.4062 0.010710 
in 2.1562 0 014974 No. 18 and heavier...| 3.5 5.9 7.5 10.0 
1.9062 0.013238 N 5 
ad 16562 No. 19 and lighter... | 25 | 30 | 50 | 10.0 
de- eo re ® The tonnage ordered for shipment to one place at one 
1.2812 0.0088976 time determines the permissible variation for that ton- 
ire- 1.1562 0.0080295 nage. Any partial shipment against that tonnage shall 
1.0312 0.0071615 not vary more than the amount given in the above table 
0.90625 0 0062934 for the esser amount. 
0.84375 0.0058594 ® For sheets 72 in. and over in width, add 2 per cent to 
0.78125 (0).0054253 the amounts shown in the table. 
0.71875 0.0049913 
nay 0.59375 | 0.0081283 Permissible Variations in Dimensions, 
-56250 -003906 
| Sheets not Ordered Resquared 
0.50000 | 0.0934722 
tin 12. (a) Width.—Sheets not ordered re- 
rest squared shall not exceed the permissible 
Test Specimens variations in width shown in the follow- 
9. Bend test specimens 3 to 4 in. in ing table: 
ne width shall be cut from the test sheet Permissible Varia- 
din within an area formed by lines 2 in. 
cold from the sides and 4 in. from the ends see (to the nearest 
‘ po a Ordered Width, in. in.) 
vith- of the sheet. Test specimens, so far as i dieeilian de 
sheet practicable, shall be cut from sheets that 2 to 6, 
ll be are imperfect in areas other than those 
and from which the specimens are selected. Gye: 20 to 30. incl. * 
kness Over 30 to 50, incl........... 4 
with Number of Tests Over 50 to 80, incl........... fe 
shall 10. The bend tests shall be made on 


specimens from one sheet in each lat, of 


@ No variation under the crdered width shall be per- 
missible. 


me = 
ry 
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(6) Length.—Sheets not ordered re- 
squared shall not exceed the permissible 
variations in length shown in the follow- 
ing table: 


Permissible Varia- 
tion Over Ordered 
ngth, in. 
(to the nearest 
Ordered Length, in. t in.) 


Over 15 to 30, incl........... i 
Over 30 to 60, incl........... 4 
Over 60 to 96, incl........... 2 
Over 96 to 120, incl.......... 
Over 120 to 156, incl......... ; 
Over 156 to 192, incl......... 
Over 192 to 240, incl......... 2 

(c) Out-of-Square.—Sheets not re- 
squared shall not be out-of-square more 
than 7¢ in. per 6 in. or fraction thereof 
of the specified width measured along an 
edge. Out-of-square is the greatest de- 
viation (to the nearest ig in.) of an 
end edge from a straight line at right- 
angle to a side and touching one corner. 

(d) Camber——For sheets not re- 
squared the camber shall not exceed the 
limits shown in the following table: 

Camber,’ in. 
(to the nearest 
in.) 


Ordered Length, in. 


Over 4 to 6, incl............. md 
Over 6 to 8, incl............. 7 
Over 8 to 10, incl............ te 
Over 10 to 12, incl........... A 
Over 12 to 14, incl........... 4 
Over 14 to 16, incl........... $ 
Over 16 to 18, incl........... 9 
Over 18 to 20, incl........... t 
Over 20 to 30, incl........... 13 
Over 30 to 40, incl........... 14 


@ Camber is the greatest deviation of a side edge from 
a straight line touching both ends of the side. 
Permissible Variations in Dimensions, 

Sheets Ordered Resquared 

13. When sheets are ordered re- 
squared, the width and length shall 
be not less than ordered; over-width, 
over-length, out-of-square, and camber, 
measured to the nearest 3 in., shall not 
be more than 7¢ in. for sheets 48 in. and 
under in width or 120 in. in length; or 4 
in. for wider or longer sheets. When 
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sheets are ordered resquared before coat- 
ing double these variations shall be per- 
missible. 


Permissible Over-Size Sheets Ordered 
for Reshearing 


14. When sheets are ordered for re- 
shearing by the purchaser, the over size 
shall be } in. for each additional intended 
cut in addition to the variations pre- 
scribed in Sections 12 and 13. 


Finish 

15. The sheets shall be of prime finish, 
that is, free from injurious defects, such 
as flux spots and uncoated areas visible 
to the naked eye. Irridescent appear- 
ance or presence of discoloration does not 


affect the quality of the lead coating and 
is, therefore, not considered a defect 


for purpose of rejection. 
Marking 


16. The top sheet of each bundle or 
the top sheet of a number of sheets when 
shipped loose shall, unless otherwise 
ordered, show legibly the name and 
brand of the manufacturer, gage, and 
size. 


Inspection 


17. The inspector representing the 
purchaser shall have free entry at all 
times, while work on the contract of the 
purchaser is being performed, to all parts 
of the manufacturer’s works which con- 
cern the manufacture of the material 
ordered. ‘The manufacturer shall afford 
the inspector all reasonable facilities, 
without charge, to satisfy him that the 
material is being furnished in accordance 
with these specifications. All tests (ex- 
cept check analyses) and inspection shall 
be made at the place of manufacture 
prior to shipment, unless otherwise speci- 
fied, and shall be so conducted as not to 
interfere unnecessarily with the opera- 
tion of the works, 
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Rejection 


18. If the purchaser elects to test and 
inspect the material at its destination, 
sheets represented by specimens that fail 
to conform to the requirements of these 
specifications will be rejected and the 
manufacturer shall be notified within two 
weeks from receipt of shipment by the 
purchaser. 
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19. Sheets and specimens tested in 
accordance with Sections 7 and 8 that 
represent rejected material shall be pre- 
served for two weeks from the date of 
notification to the manufacturer, In 
case of dissatisfaction with the results of 
the test the manufacturer may require 
a rehearing within that time. 


Rehearing 


| 
” 
= 4 -/* 


REPORT OF COMMITTEE 
ON 
MAGNETIC PROPERTIES 


Two meetings of Committee A-6 on 
Magnetic Properties have keen held dur- 
ing the past year, together with several 
subcommittee meetings. 

In view of the fact that a new edition 
of the Rook of A.S.T.M. Standards is to be 
published this year, it is proposed to rec- 
ommend the adoption as standard of the 
tentative standards under the jurisdic- 
tion of the committee, which have been 
available less than a year. It is felt 
that this is justified since there have been 
no important changes suggested. More- 
over, these methods are coming into 
general use. 

Since most laminated cores for electri- 
cal apparatus operate at maximum induc- 
tions nearer 15 kilogausses than 10 kilo- 
gausses, the A-6 methods of test are being 
changed to give equal emphasis to the 
higher induction test, with the thought 
that when industry gets used to it, the 
higher induction tcst will probably be- 
come the preferableone. This procedure 
has the approval of the American Insti- 
tute of Electrical Engineers and the 
National Electrical Manufacturers Assn. 
It will be necessary for the electrical 
steel manufacturers to develop new core 
loss limits for the various standard grades 
of sheet corresponding to the 15 kilo- 
gauss induction. This will take some 
time, since the conversion factors from 
10 to 15 kilogausses vary with the thick- 
ness of the material and the ccndition 
of the surface as well as the physical 
structure and chemical composition of 


114 
x 


the varicus grades. The adeption of the 
higher induction may result in improve- 
ments in standard grades as applied to 
commercial apparatus, since a material 
which is poorer than average in core loss 
at 10 kilogausses may be better than 
average at 15 kilogausses. A summary 
prepared by J. P. Barton and B. M. 
Smith of comparison core loss tests on 
Epstein samples for varicus inductions 
is given in the Appendix. It was on the 
basis of these tests that Committee A-6 
felt that it was feasible to specify the 
15-kilogauss test as an alternate to the 
10-kilogavss test for use by commercial 
magnetic testing laboratories. A study 
of the data will make clear why certain 
precautions are necessary for the higher 
induction testing. 

At a recent meeting of Committee A-6 
there was some discussion of the desira- 
bility of developing a standard form for 
preparing specifications for electrical 
sheet. At present different companies 
have widely varying specifications for 
similar material and there is often a 
considerable variation in form among the 
different electrical sheet specifications 
put out by a single company. There is 
no intention at present to specify 
standard limits for the various grades of 
steel, but it is hoped that better uni- 
formity of arrangement and scope of 
preperties covered may be attained in 
electrical sheet specifications if a stand- 
ard guide is available. 

The present officers and members of 
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the executive committee have been re- 
elected for the ensuing term of two years. 

Subsequent to the Annual Meeting, 
Committee A-6 presented to the Society 
through Committee E-10 on Standards 
the following recommendations: =—> 


Revision of Tentative Methods of: 


Test for Permeability and Core Loss of Flat- 
Rolled Magnetic Materials Using 28-cm. 
Specimen (A 257 - 42 T), 

Test for Incremental Permeability and Core 
Loss of Flat-Rolled Magnetic Materials at 
Low Alternating Inductions Using 28-cm. 
Specimen (A 258 — 42 T), 

Test for Permeability of Feebly Magnetic Ma- 
terials (A 259 - 42 T), and 


Tentative Revision of Standard Methods of: 


Test for Magnetic Properties of Iron and Steel 
(A 34-42). 


These recommendations were ac- 
cepted! by Committee E-10 on August 
30, 1943, and the revised tentative stand- 
ards and the tentative revision appear 
in the 1943 Supplement to the Book of 
A.S.T.M. Standards, Part I. 


I. NEw TENTATIVE STANDARD 


The committee recommends that the 
proposed Def.nitions of Terms, With 
Symbols, Relating to Magnetic Testing? 
be accepted for publication as tentative, 
to replace the Standard Definitions of 
Terms, with Units and Symbols, Relating 
to Magnetic Testing (A 127 — 41) and 
the tentative revisions‘ of these defini- 
tions pul lizhed in June, 1943. 


II. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following tentative methods of test be 
approved for reference to letter ballot 


1 In submitting these recommendations to Committee 
E-10 on Standards, Commitjee A-6 reported the following 
results of the letter ballot vote from a committee member- 
ship of 23: A 257, A 258, A 259, and A 34, aftirmative 14, 
negative 0. ballots marked “not voting’’ 0. 

* These definitions were accepted as tentative by the 
Society and appear in the 1944 Boox of A.S.T.M. Stand- 
ards, Part I, p. 1437. 

*1942 Boo« of A.S.T.M. Standards, Part I. 

— Supplement to Book of A.S.T.M. Standards, 
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of the Society for adoption as standard 
without revision: 


Tentative Methods of Test for: 


Permeability and Core Loss of Flat-Rolled 
Magnetic Materials Using 28-cm. Specimen 
(A 257 - 43 T), 


~ Normal and Incremental Permeability and Core 


Loss of Flat-Rolled Magnetic Materials at 
Low Alternating Inductions Using 28-cm. 
Specimen (A 258 - 43 T), and 

Permeability of Feebly Magnetic Materials 

(A 259 - 43 T). 

It is also recommended that upon 
adoption these three methods be in- 
corporated in the Standard Methods of 
Test for Magnetic Properties of Iron and 
Steel (A 34 - 42). 


III. Revision OF STANDARD, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption, the following revisions 
in the Standard Methods of Test for 
Magnetic Properties of Iron and Steel 
(A 34 — 42) and accordingly asks for the 
necessary nine-tenths vote at the Annual 
Meeting in order that these modifications 
may be referred to letter ballot of the 
Society: 

Section 2.—In place of the definitions 
in this section substitute a reference to 
the new Tentative Definitions of Terms, 
with Symbols, Relating to Magnetic 
Testing.? 

Section 6 (b).—At the end of the sen- 
tence change ‘10 kilogausses” to read 
“10 or 15 kilogausses.” 

Section 9.—In the first sentence in 
Paragraph (a), change “magnetizing 
winding”’ to read “magnetizing (primary) 
winding.” In the second sentence, 
change “secondary coil” to read “‘poten- 
tial (secondary) winding,” insert “aver- 
age”’ before the word ‘‘voltmeter,”’ insert 
“the rms. voltmeter” after the word 
“voltmeter,” and change “potential coil” 
to read “voltage circuit.” 

wat Supplement to Book. of A.S.T.M. Standards, 


a 
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In the first sentence in Paragraph (c), 
change ‘a voltmeter” to read “an aver- 
age voltmeter, a rms. voltmeter,” and 
change “voltage coil” to read “voltage 
circuit.” In the second sentence, change 
“coil” to read “circuit.” 

Fig. 3.—At the end of Section 9, add 
as a new Fig. 3 the circuit diagram shown 
in the accompanying Fig. 1, renumbering 
the subsequent figures accordingly. 

Section 10 (c).—Change from _ its 
present form: namely, 

(c) If desired, a 5-kg. specimen may be 
used at 10 kilogausses, provided it is cut from 
at least two sheets. Tests on the 5-kg. specimen 
at 15 kilogausses may be made, provided the 
test apparatus has solenoids of suitable cross- 


sectional area and standard windings so that 
there need be no correction for air flux. For 


Average 
Switch Switch Voltmeter 
> 
~ c ~ A W 
Bs 
> 
Ammeter Wattmeter & 
rms. 
Test Frame Voltmeter 


1 Fic. 1.—Circuit Diagram. 


this the dimensions of the winding form shall be, 
inside cross-section 1.9 by 3.8 cm., thickness of 
wall not over 0.3 cm., and winding length 42 cm. 
All other specifications remain the same as for 
the 10-kg. specimen. 

Nore.—If desired, for convenience, the bun- 
dles may be loosely secured by tape or string 
(not wire). 


to read as follows, retaining the present 
note: 


(c) If desired, a 5-kg. specimen may be used at 
10 and 15 kilogausses, provided it is cut from at 
least two sheets. The tests at these two flux 
densities are to be made using a test frame, the 
winding form dimension of which shall be: 


Inside cross-section......... 1.9 by 3.8 cm. 
Thickness of wall ....... not over 0.3 cm. 
Winding length ............ 42 cm. 


All other specifications remain the same as for 
the 10-kg. specimen. The change in winding 
form dimensions is required to eliminate the need 
for air flux correction at 15 kilogausses. 


Section 11.—Add a new Paragraph (a) 
to read as follows, relettering the subse- 
quent paragraphs accordingly : 

(a) The temperature of the test specimen shall 
be 25+5C. Unless otherwise specified, 10 and 
15 kilogausses shall be the standard maximum 
inductions, with the frequency to be 60 cycles 
per second. The standard core loss shall be 
represented by the symbol and Pisco. 


Reletter the present Paragraph (a) as 
(6), and change the second sentence to 
read as follows: “‘No insulation shall be 
used between laminations other than 
that present on the surface of the sheet 
at the time the test specimen strips are 
cut, but the corner joints may be sepa- 
rated by tough paper approximately 0.1 
mm. (0.004 in.) in thickness.” 

Reletter the present Paragraph (0) as 
(c), and in the equation for E, change 
“Af to read “4,44,” and delete the 
definition “ff” = form factor of primary 
emf. = 1.11 for sine wave.” Change 
the definitions for B and E£ to read as 
follows and delete Note 2: 


B = maximum induction in kilogausses = 10 
or 15 kilogausses. 

106.6 v. for 10 kilogausses and 160.0 for 15 
kilogausses for high resistance silicon 

7 io for sine voltage; 103.8 v. for 10 


E 


kilogausses and 155.8 v. for 15 kilogausses 
for low resistance silicon steel for sine 
voltage. 


Change Paragraph (c) from its present 
form: namely, 


(c) For the 15-kilogauss tests and whenever 
the form factor of the applied electromotive force 
varies more than 1 per cent from the value of 
1.11, an average voltage instrument shall be used 
in multiple with the rms. voltmeter. For con- 
venience, the average voltmeter scale may be 
marked in terms of average volts times 1.11. 
The calculated rms. voltage as given above is 
then held on the average voltmeter. 


to read as follows, retaining present 
Notes 3 and 4: 


(d) For the 10- and 15-kilogauss tests, an 
average voltage instrument shall be used to 
indicate the rms. voltage as calculated in Section 
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11 (b). For convenience, the average voltmeter 
shall be marked in terms of average volts times 
1.11. The rms. voltmeter shall be connected in 
parallel with the average voltmeter, to determine 
the instrument losses and the form factor of the 
applied voltage. 


Reletter Paragraph (i) as () and in the 
first sentence insert “average” before the 
word “voltmeter.” 

Reletter Paragraph (j) as (k) and 
change to read as follows: ‘‘When the 
voltage and frequency are correct, the 
wattmeter and the rms. voltmeter shall 
be read.” 

Section 12.—Change the definition for 
R to read: “R = parallel resistance of 
the average voltmeter, the rms. volt- 
meter and the shunt (voltage) circuit of 
the wattmeter.”’ 

Change Note 1 to read as follows: 


Nore 1.—The form factor of the applied 
voltage may be determined from the rms. and 
the average voltmeter readings, as follows: 


rms. voltmeter reading 
Form factor = 
average voltmeter reading 


x 1.11 


In Note 2, change “windings” to read 
“circuits.” 

Section 24 (b).—Indicate the present 
note as Note 1 and add the following as 
Note 2. 


Nore 2.—It is recognized in Section 24 (a) 
and (b) that the test strips are cut from sheet or 
strip material which, as received from the 
manufacturer, may be in the pickled last condi- 
tion, oxide coated or insulated. Further prepa- 
ration of the test specimens can be made by the 
purchaser, such as annealing, insulating, or any 
combination of the two treatments, depending 
upon how the purchaser processes his lamina- 
tions and his desire to more closely approach his 
lamination production in testing interlamination 
resistance. In such cases, this test then becomes 
one of quality control for the purchaser’s plant 
only, as it is essentially impossible for the 
manufacturer to duplicate the purchaser’s 
further preparation of the test specimens over 
that covered in Section 24 (a) and (b). 


Section 25.—Add the following note 
at the end of Paragraph (e): 


c PROPERTIES 


Nore.—In evaluating the results of this test, 
it must be observed that a reshuffling of the test 
strips and retesting will usually give a new value 
for the resistance. Also that a number of 
specimens from the same lot of sheets or strips 
will yield variations in interlamination resistance 
as much as 10 to 1. Therefore in setting mini- 
mum values for control purposes, a large number 
of specimens should be prepared from different 
lots of the same material, and the results 
analyzed statistically. It should further be 
observed that in any laminated core structure, 
it is desirable to maintain the interlamination 
resistance well above (5 or more times) the 
threshold value that will give rise to troublesome 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


q Affi N Pallote, 

irm-| Nega- | Marke 

Items | ative | tive | “Not 
q Voting”’ 


I, NEw TENTATIVE STANDARD 


Def. of Terms, With Symbols, 
Relating to Magnetic Testing, 
to replace Standard Defini- 


Il. Apoption or TENTATIVE 
STANDARDS AS STANDARD 


Test for Permeability and Core 
Loss of Flat-Rolled Magnetic 
Materials Using 28-cm. Speci- 
men (A 257 - 43 T) 

Test for Normal and Incre- 
mental Permeability and Core 
Loss of Flat-Rolled Magnetic 
Materials at Low Alternating 
Inductions Using 28-cm, 
Specimen (A 258 - 43 T)...... 16 0 0 

Test for ag of Feebly 

s (A 259 - 

III, REviston oF STANDARD, 
IMMEDIATE ADOPTION 


Test for Magnetic Properties of 
Iron and Steel (A 34 - 42).....| 16 0 0 


stray losses, recognizing the variations in inter- 
lamination resistance in the core structure as 
illustrated by the standard test at the pressures 
involved. 

It may be pointed out that if the test speci- 
mens are annealed and/or insulated after shear- 
ing or punching, a considerable increase in 
interlamination resistance will be obtained in 
general. Also very low values will generally be 
obtained on a material which is pickled last 
without further treatment. 


The committee also recommends that 
the tentative revision® in Methods A 34 
submitted last year, which provides for a 
change in Section 10 (a) and the addition 
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of a note to Section 12, be adopted as 
standard this year and included along 
with the other revisions listed above. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 24 members; 16 members returned 
their ballots, with the results shown in 


Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Definitions (P. H. Dike, chairman).— 
The need for revision of definitions of 
terms used in magnetic testing, together 
with suitable letter symbols has been felt 
for some time, as mentioned in the 
previous annval report. It was believed 
that magneticians should have available 
definitions which are clearly stated in 
general terms not requiring a knowledge 
of higher mathematics. Some of the 
definitions in the American Standard 
Definitions of Electrical Terms (ASA 
C 42 - 1941), as published by the Ameri- 
can Institute of Electrical Engineers, do 
not meet these requirements. Some of 
the definitions in the present A.S.T.M. 
Standard Definitions of Terms, with Units 
and Symbols, Relating to Magnetic 
Testing (A 127 - 41), which were based 
on the American Standard definitions, 
are subject to the same criticism. Also 
there are some inaccuracies in the 
American Standard definitions. Several 
meetings of this subcommittee have been 
held during the year as a result of which 
proposed new Definitions of Terms, with 
Symbols, Relating to Magnetic Testing? 
are being recommended for publication 
as tentative to replace Standard Defini- 
tions A 127 as well as the tentative revi- 
sions issued in 1943. If some of these 
definitions should seem to the theoretical 
scientist to be loose or inadequate, it 
must be remembered that rigorous 
scientific accuracy has sometimes been 


sacrificed for the sake of conveying the 
idea to the technician in nonmathemati- 
cal language. 

So far as feasible, the suggested letter 
symbols are in accord with latest ASA 
recommendations. However, in some 
instances, it was felt necessary to depart 
from such recommendations. 

It has been decided to eliminate the 
definitions at the beginning of Methods 
A 34 - 42, since they are included in the 
new glossary of magnetic definitions. 

Subcommitiee III on Direct Current 
Test Methods (B. M. Smith, chairman).— 
As mentioned earlier in this report, it was 
found possible, by action through Com- 
mittee E-10 on Standards, to include in 
the 1943 Supplement to the Book of 
A.S.T.M. Standards a third method for 
testing feebly magnetic materials (A 
259-43 T). This method was de- 
veloped by the Leeds and Northrup Co. 
and, for certain applications, has advan- 
tages over the other two proposed stand- 
ard methods. 

Work is continuing on the proposal to 
use the 25-cm. frame with double lap 
joint for d-c. permeability measurements 
on laminated mater‘als. The results to 
date look promising. For the high 
magnetizing forces some form of per- 
meameter will still be requ ired. 

Subcommittee IV on Alternating Cur- 
rent Test Methods (J. P. Barton, chair- 
man).—As suggested in last year’s 
report, the Tentative Method of Test 
for Incremental Permeability and Core 
Loss of Flat-Rolled Magnetic Materials 
at Low Alternating Inductions Using 
23-cm. Specimens (A 258-42 T) was 
combined with Sections 13 to 21, in 
clusive, of the Standard Methods of Test 
for Magnetic Properties of Iron and Steel 
(A 34-42) and issued as Tentative 
Method A258-43T. This tentative 
method of test is now being recom- 
mended for adoption as standard since 
no unfavorable comments have been 


4 


1 


= 
a 
+ 
| 
\ 


ON MAGNETIC PROPERTIES a 119 


the received, and that it be incorporated in are becoming increasingly important, 
ati- Methods A 34. particularly with reference to induction 


With reference to the investigation of heating applications and aviation. 
methods of measuring core losses vp to 


tter 
ASA 10,000 cycles, as proposed in the 1943 This report has been submitted to 
ome report, progress can be reported. etter ballot of the committee which 
part Round-robin tests are being made on consists of 24 members; 16 members 
0.007 and 0.014-in. thick electrical sheet, 
returned their ballots, all of whom have 
hos terial. The American Rolling Mill Co, Voted affirmatively. 
and the Carnegie-Illinois Steel Corp. 
have submitted results with moderately Respectfully submitted on behalf of 
ial good agreement. At least two other the committee, _ 
laboratories will test these samples be- THoMas SPOONER, 
ya fore an attempt is made to formu late a _ Chairman. 
an standard test procedure. The properties R.L. SANFORD, 
naga of electrical sheet at higher frequencies Secretary. 
(A Eprrorrat Note 
' ba Suksequent to the Annual Meeting Committee A-6 presented to the Society 
om through Committee E-10 on Standards a propesed tentative revision of the 
Standard Methods of Test for Magnetic Properties of Iron and Steel (A 34 - 
and- 44). This recommendation was accepted by the Standards Committee on 
September 15, 1944, and the tentative revision appears in the 1944 Book of 
al to A.S.T.M. Standards, Part I, p. 2003. 
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REPORT ON ROUND-ROBIN CORE LOSS TESTING AT HIGH 


FLUX DENSITIES 


SUBMITTED BY CHAIRMEN OF SUBCOMMITTEES III AND IV | 


Committee A-6 on Magnetic Proper- 
ties recognized in late 1934 the fact that 
testing at 14 kilogausses did not ade- 
quately evaluate the core loss character- 
istics as well as would tests made at 15 
kilogausses or higher, as rotating ma- 
chinery designs were continuing to use 
silicon steel at higher flux densities. 
It was decided to prepare seven Epstein 
specimens from material of different 
silicon contents for round-robin testing 
by the laboratories of several producers 
and consumers in the flux density range 
of 10 to 16 kilogausses at 60 cycles, under 
several conditions of measuring the 
voltage and making corrections in the 
core loss. This report is a summary of 
these tests and the resulting conclusions 
which led to the adoption in 1936 of a 
core loss test at 15 kilogausses now in- 
cluded as an alternate procedure in the 
Standard Methods of Test for Magnetic 
Properties of Iron and Steel (A 34 — 42).! 

During the past 30 yr., the reduction 
in core loss in silicon steel and the design 
of electrical machinery operating at 
higher flux densities, has gradually 
continued, resulting in a need for core 
loss testing at flux densities higher than 
10 kilogausses. For some time, 14 
kilogausses were used but investigations? 
in the early 30’s showed that the routine 
testing procedure in effect up to 1934 
was inadequate at higher flux densities. 


11942 Book of A.S.T.M. Standards, Part I, p. 651. 

2B. M. Smith and C. Concordia, ‘Core Loss Measure- 
ments at High Flux Densities,” Electrical Engineering, 
Am. Inst. Electrical Engineers, Vol. 51, No. 1, January, 
1932. 


It was also observed that in some mate- 
rials a sample X may have a lower core 
loss than sample Y at 10 kilogausses 
but have a higher core loss at 15 kilo- 
gausses. 

The chief difficulty in testing at flux 
densities over 13 kilogausses is the large 
increase in magnetizing force which 
causes a distortion of the flux wave, 
gives a large air flux in the test coil, and 
reduces the power factor to a very low 
value. The distortion of the flux wave 
is usually due to inadequate source of 
power to supply the low power factor 
kilovolt-amperes necessary to maintain 
a sine flux wave, as well as the impedance 
of circuit elements not being as low as 
desirable. Thus, if an rms. voltmeter 
is used across the secondary of the Ep- 
stein test frame, to indicate the rms. 
voltage, generated by non-sine wave 
flux, the maximum flux density will 
usually depart from the value chosen 
at which to test the core loss. A dis- 
torted flux wave also introduces addi- 
tional losses due to high-frequency 
components of the eddy currents. The 
error in the measurement of maximum 
flux B,, is eliminated by measuring the 
secondary voltage with an average volt- 
meter as the value of the average voltage 
depends on the maximum value of the 
flux, irrespective of the form of the wave. 
When B,, is correctly determined, the 
hysteresis component of the loss is also 
correct. The error in measurement is 
in the eddy current component, which 
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is usually between 20 to 40 per cent of 
the total core loss. This error can be 
q corrected by the percentage eddy current 
method! and involves the form factor, 
which is readily computed from readings 
4 taken simultaneously on the rms. and 
average voltmeters in parallel across the 
secondary winding of the Epstein test 
frame. 
The air flux enclosed by the test coil 


iate- outside the test specimen produces a 
core voltage which should be considered in 
USSeS calculating the desired induced voltage. 
kilo- At low densities the air flux is negligible 
but at high densities it should be included 
flux due to the high magnetizing forces. 
large The low power factor encountered in 
yhich testing emphasizes the small phase angle 
vave, error inherent in the wattmeters, which 
, and should be of the low power factor type 
r low and of large current capacity. The non- 
wave uniformity of flux distribution over the 
ce of length of the test specimens is no greater 
actor at high densities than it is at medium 
ntain flux densities. 
dance Considering these factors, a schedule 
yw as to tests was established in which each 
meter specimen was measured for core loss in 
e Ep- fhe flux density range of 10 to 16 kilo- 
rms. gausses at 60 cycles, setting the second- 
wave ary voltage with the following: 
Bee Test 1. An rms. voltmeter, 
: Test 2. An average voltmeter, 
A dis- Test 3. An average voltmeter and correcting 
addi- the voltage for the air flux, 
uency Test 4. An average voltmeter and correcting 
The the core loss by the eddy current method, and 
‘ Test 5. An average voltmeter, and correcting 
imum the voltage for the air flux, and the core loss by 
ag the the eddy current method. 
om _ The following laboratories participated 
of the in the tests: 
wave. American Rolling Mill Co., 
d, the Bell Telephone Laboratories, Inc. 
Carnegie-Illinois Steel Corp., 
1S also General Electric Co., 
1ent 18 National Bureau of Standards, and 
which Westinghouse Electric and Manufacturing Co. 


(two laboratories) 


On Core Loss Tests 


Silicon 
Thickness, Content, 

Specimen in. per cent 

0.019 1.00 

0.019 2.50 

_ ree 0.014 2.50 

0.014 3.25 

ee 0.014 4.50 

0.019 2.50 

2 Cold reduced. 


loss is the sam 


In all cases, both the rms. and the aver- 
age voltmeters were in parallel and were 
read simultaneously for determining 
the form factor. The average voltmeter 
accompanied the test specimens and the 
regular test equipment was used in each 
laboratory. This voltmeter had a re- 
sistance of 1000 ohms per v. with the full 
wave rectifier using small copper oxide 
units. 

The test specimens were all 22 lb. 
standard Epstein specimens 3 by 50 
cm., as follows: 


’ 
1 


Oriented grain. 


The results of the tests are shown in 
Figs. 1 and 2, but curves from tests 1, 2, 
and 5 are shown with tests 3 and 4 being 
omitted for the following reasons: The 
air flux correction (test 3) increases the 
core loss over that for test 2, while the 
correction for core loss by the eddy 
current method (test 4) usually de- 
creases the core loss under that for test 2. 
The curves for tests 3 and 4 would 
obscure the curves for tests 1, 2, and 5, 
and these corrections are included in 
test 5. 

The test data were averaged and the 
curves of Figs. 1 and 2 were drawn. 
The degree of agreement between the 
various laboratories was considered good 
over the flux density range of 10 to 16 
kilogausses, the variation from the 
average values ranging up to plus or 
minus 2 per cent with about 10 per cent 
of the test values showing greater devia- 
tions, and at random. It will be observed 
that up to about 13 kilogausses, the core 
e for both the rms, and the 
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flux voltmeters. Above 13 kilogausses, 
the differences in core loss versus volt- 
meter used to set the voltage, increase 
rapidly, plainly illustrating the errors in 
core loss measurement when the rms. 
voltmeter is used. 


2 
5 
4 / 
2 
3 
2 
Y | fi 
— 
10 2 14 16 


Flux Density, kilogausses 
Specimen A—0.019 in. in thickness, 1 per cent silicon 
steel, 22-lb. standard Epstein. #5 
Specimen B—0.019 in. in thickness, 2.50 per cent silicon 
steel, 22-lb. standard Epstein. : 
pecimen D—0.014 in. in thickness, 3.25 per cent silicon 
steel, 22-lb. standard Epstein. 
Test 1—voltage indicated by rms. voltmeter. 
Test 2—voltage indicated by average voltmeter. 
Test 5—voltage indicated by average voltmeter and 
corrected for air flux, and the core loss corrected to a sine 
wave basis by the per cent eddy method. 


Fic. 1.—Core Loss Measurements. 


In Figs. 1 and 2 the curves for test 5 
show test 2 corrected for air flux and 

‘ eddy current loss. Inasmuch as these 
two corrections tend to balance each 
_ other, with the eddy current correction 
being the larger, test 5 at 15 kilogausses 
is 1.50 to 1.75 per cent lower than test 
2, depending on the sample; at 16 kilo- 
gausses, the range is about 1 to 3 per 
cent. 
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Conclusions: 


As a result of this round-robin test and 
general experience of the testing labora- 
tories, 15 kilogausses were chosen as the 
test flux density for the following reasons: 

1. In general, the magnetizing force 
for 16 kilogausses is twice that for 15 
kilogausses, thus requiring approximately 
twice the kilovolt-amperes and thereby 


Core Loss, watts per Ib. 


10 12 14 16 


' Flux Density, kilogausses 


Specimen C—0.014 in. in thickness, 2.5 per cent silicon 
steel, 22-lb. standard Epstein. 

Specimen E—0.014 in. in thickness, 4.5 per cent silicon 
steel, 22-lb. standard Epstein. 

Specimen F—0.019 in. in thickness, 2.5 per cent silicon 
steel, 22-lb. standard Epstein. 

Specimen G—0.011 in. in thickness, 3.0 per cent silicon 
steel, 22-lb. standard Epstein, cold re uced, oriented 
grain structure. 

Test 1—voltage indicated by rms. voltmeter. 

Test 2—voltage indicated by average voltmeter. 

Test S—voltage indicated by average voltmeter and 
corrected for air flux, and the core loss corrected to a sine 
wave basis by the per cent eddy method. 


Fic. 2.—Core Loss Measurements. 


tending to increase the wave form dis- 
tortion and doubling the current carrying 
requirements of the wattmeter, exceed- 
ing in some cases the capacity of com- 
mercial meters. 

2. At 15 kilogausses, the average 
difference between test 2 and test 5 is 
about 1 per cent, thus making it possible 
to dispense with the correction factors for 


4 


air flux and eddy current loss, and set the 


d test voltage with the average voltmeter 

1- only, considerably simplifying routine 

1€ testing. This simplified procedure 

S: should not be followed at 16 kilogausses 

ce or higher densities as the correction 

15 factors must then be applied. 

ly 3. Testing at 14 kilogausses does not 

oy readily show the trend of the core loss 
curve as well as tests at 15 kilogausses. 
Also, in view of the cross-over effect 

4 previously mentioned of a sample X 

) | having a lower core loss than sample Y, 

| at 10 kilogausses but having a higher 

y2. loss at 15 kilogausses, the testing at 14 

q' kilogausses would not as readily dis- 

‘ close this feature as would testing at 

I higher flux densities. 

‘\o 4. Fifteen kilogausses is within the 

A5 range of densities used for rotating 

|! machines and is adequate in rating the 
core loss of materials operating in the 
vicinity of this flux density. This den- 

- sity is particularly suited for testing 
silicon steels having highly directional | 

ol magnetic properties (oriented grain 

16 structure). 
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In view of these conclusions, 15 kilo- 
gausses were chosen for the core loss test 
when needed at flux densities higher 
than 10 kilogausses, requiring only the 
average voltmeter as the additional 
equipment for indicating the voltage 
for that flux density. For the use of an 
11-lb. test specimen, a winding form 
of a smaller cross-sectional area was 
specified to maintain the air flux at 
about the same value as for the 22-lb. 
test frame. These requirements were 
incorporated in the core loss section of 
Standard Method A 34 in 1936. 

In view of increased interest in core 
losses at 15 kilogausses, it is recom- 
mended that both 10 and 15 kilo- 
gausses be recognized as standard test 
densities and that the test procedures of 
the core loss section of Method A 34 be 
modified accordingly. 


Respectfully submitted on behalf of 
Subcommittees III and IV, 


J. P. Barton, 
Chairman, Subcommittee IV. 
B. M. Situ, 
Chairman, Subcommittee III. 
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REPORT OF COMMITTEE A-7 


ON { 
MALLEABLE-IRON CASTINGS 


Committee A-7 on Malleable-Iron 
Castings met in Cincinnati, Ohio, on 
February 28, 1944. 

The committee records with sorrow 
the death of Enrique Touceda, a member 
of Committee A-7 since its organization 
in 1918 and secretary of this committee 
from the time of its organization till 1936. 
The committee pays this brief tribute to 
this long association and regrets the loss 
of his services. 


This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 39 members; 29 
members returned their ballots, of whom 
26 have voted affirmatively, 1 negatively, 
and 2 members marked their ballots 
“not voting.” 

The negative vote was based on the 
belief that the elongations required in 
the proposed revised specifications could 
be obtained only by those manufacturers 


Nermal % 
8'Min. 


Nore.—Melifications may be made in the dimensions indicated above for those details of the specimen outside of the 
gage length as required by testing procedure and equipment. 


Fic. 1.—Alternative Unmachined Tension Test Specimen. 


I. REVISION OF TENTATIVE STANDARD 


The committee recommends that the 
Tentative Specifications for Pearlitic 
Malleable Iron Castings (A 220 - 39 T)! 
be revised as appended hereto? and con- 
tinued as tentative, as proposed by 
Subcommittee IV on Pearlitic and Alloy 
Malleable Iron. 


11942 Book of A.S.T.M. Standards, Part I. 

+ These revised specifications were accepted as tenta- 
tive by the Society and appear in the 1944 Book of 
A.S.T.M. Standards, Part I, p. 1408. 


now making grade No. 35018 malleable 
iron. One of the affirmative voters 
expressed this view also. 


II. TENTATIVE REVISIONS OF STANDARDS 


An alternative unmachined tension test 
specimen as shown in the accompanying 
Fig. 1, proposed by Subcommittee I on 
Specimens and Methods of Testing, is rec- 
ommended for publication as a tentative 
revision in the following standards: 
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Standard Specifications 


Malleable Iron Castings (A 47 - 33; ASA 
G48.1-1942), and 
Cupola Malleable Iron (A 197 - 39; G49.1- 
1942). 


The large ends of the specimen may be 
changed to adapt it to individual test- 
ing machines. The proposed alternative 
specimen makes it possible to test 
malleable specimens and steel specimens 
without making any change in the testing 
machine holders. 
quality is anticipated. 


This recommendation has been sub- | 


mitted to letter ballot of the committee 
which consists of 39 members; 32 mem- 
bers returned their ballots, of whom 30 
have voted affirmatively, and 2 nega- 
tively. 

The negative votes were based on a 
desire for further data as to the relative 
properties obtained in the new form of 
specimen as compared with that now 
in use. 

The committee still has under con- 
sideration various other matters relating 
to proposed specifications for welding 
and a clarification of the phraseology in 
defining the yield point in the specifi- 
cations for malleable iron castings. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting Committee A-7 ‘recommended to Com- 
mittee E-10 on Standards that the Emergency Specifications for Malleable 
Iron Flanges, Pipe Fittings, and Valve Parts (ES — 20) be accepted for publi- 
This recommendation was accepted by the Standards 
Committee on August 28, 1944, and the tentative specifications appear in the 
1944 Book of A.S.T.M. Standards, Part I, p. 1411, under the designation 


P cation as tentative. 

A 277 — 44 T. 


No difference in 
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A guest at the Cincinnati meeting 
reported difficulty in obtaining grade 
35018 malleable iron in large castings.* 
Evidence was presented by consumers 
and producers that such material is 
normally available and is being regularly 
manufactured. Consequently no action 
was taken. 

The election of officers for the ensu- 
ing term of two years resulted in the 
selection of the following: 

Chairman, C. O. Burgess. 
‘Vice- Chairman, W. A. Kennedy. 
~ Secretary, H. A. Schwartz. 


This report has been submitted to 
letter ballot of the committee which 
consists of 39 members, 36 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
FE. K. Smiru, 
Chairman. 
H. A. SCHWARTZ, 
Secretary. 


3 The difficulties which had been experienced in obtain- 
ing material according to Specifications A 47, grade 35018 

had been brought to the attention of the Society and 
were referred to the committee for investigation and 
consideration which resulted in an invitation being ex- 
tended to the organization experiencing the difficulty to 
be represented at the meeting of the committee.— 
Epitor’s Nore. 
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Committee A-10 on Iron-Chromium, 
Iron-Chromium-Nickel, and Related Al- 
loys held two meetings during the year: 
in Cincinnati, Ohio, on March 1, 1944, 
and in New York, N. Y., on June 27, 
1944, during the Annual Meeting of the 
Society, prior to the presentation of this 
report. 

Few changes in committee personnel 
occurred during the year. The present 
membership is 80 of whom 36 are classi- 
fied as producers, 32 as consumers, and 
12 as general interest members. 

The present officers of Committee A-10 
have been re-elected for the ensuing term 
of two years. Elections in the subcom- 
mittees resulted in the re-election of the 
present subcommittee chairmen. Arba 
H. Thomas was appointed secretary of 
Subcommittee IV. As indicated later in 
this report, Subcommittee VI on Weld- 
ing has been disbanded. 

Subsequent to the 1943 Annual Meet- 
ing, Committee A-10 presented to the 
Society through Committee E-10 on 
Standards the following recommenda- 
tions: 


New Tentative Specifications for: 


Corrosion-Resisting Chromium Steel Clad Plate, 
Sheet, and Strip (A 263 - 43 T), 
Corrosion-Resisting Chromium-Nickel Steel Clad 
Plate, Sheet, and Strip (A 264-43T), and 
Nickel and Nickel-Base Alloy Clad Steel Plate 
(A 265 - 43 T). 


These new tentative standards were 
accepted! by Committee E-10 on August 
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30, 1943, and assigned the A.S.T.M. 
serial designations indicated above. 
They appear in the 1943 Supplement to 
the Book of A.S.T.M. Standards, Part I. 
At the same time Committee E-10 
accepted revisions in the Emergency 
Alternate Provisions in the Standard 
Specifications for Corrosion-Resisting 
Chromium-Nickel Steel Plate, Sheet, 
and Strip (EA—A 167) and for Corro- 
sion-Resisting Chromium and Chromium- 
Nickel Steel Plate, Sheet, and Strip for 
Fusion-Welded Unfired Pressure Vessels 
(EA ~ A 240), as recommended by Com- 
mittee A-10. The revised emergency 
provisions were published in ASTM 
Butietin, No. 125, December, 1943, 
under the designations EA — A 167a and 
EA — A 240a, and have been issued in the 
form of stickers for attachment to the 
standards to which they apply. 


I. REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends for imme- 
diate adoption revisions in the following 
three standards and accordingly asks for 
the necessary nine-tenths vote at the 
Annual Meeting in order that these modi- 
fications may be referred to letter ballot 
of the Society: 


1In submitting these recommendations to Committee 
E-10 on Standards, Committee A-10 reported the following 
results of the letter ballot vote of a total of 48 ballots 
returned from a committee membership of 80: A 263 and 
A 264, affirmative 31, negative 0, ballots marked ‘“‘not 
voting’ 17; A, 265, affirmative 28, negative 0, ballots 
marked ‘“‘not voting’’ 20. 
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Standard Specifications for Corrosion- 
Resisting Chromium and Chromium- 
Nickel Steel Plate, Sheet, and Strip for 
Fusion-Welded Unfired Pressure Vessels 
(A 240 — 

The following changes in these specifi- 
cations have been found desirable in 
order that the chemical composition 
requirements will be in accord with the 
interpretations of the A.S.M.E. Boiler 
Construction Code for use of stainless 
steel in the construction of fusion- 
welded unfired pressure vessels. ‘This 
recommendation was prepared in coop- 
eration with a special committee of the 
A.S.M.E. Boiler Code Committee. With 
the inclusion of these changes in Standard 
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Section 12.—Reword the intergranular 
corrosion test as described in this section 
to state “that the corrosion test shall 
apply only to grades S, M, C, and T.” 

Section 17,—Change the requirement 
for No. 1 finish for plates from its present 
form: namely, 


No. 1 Finish—Hot rolled, annealed, and 
either pickled or sand blasted, and pickled. 


to read as follows: 


No. 1 Finish: 

(a) Hot rolled, annealed, and pickled, or — 

(b) Hot rolled, annealed, grit or sand blasted, 
and passivated. 


Standard Specifications for Corrosion- 


Resisting Chromium-Nickel Steel Plate, 
Sheet, and Strip (A 167 — 43)? 


TABLE I.—CHEMICAL REQUIREMENTS. 


a| Manga- Phos- 
Tone N . Carbon, nese, phorus, Sulfur, | Silicon, Chromium, Nickel, 
Grade Type Number | max., “a oan max., max., per cent per cent 
per cent per cent per cent per cent | per cent 
Grade A...... 410 modified 0.12 0.60 0.030 0.030 0.75 12.00 to 14.00 0.60 max. 
Grade B we 0.12 1.00 0.030 0.030 0.75 14.00 to 16.00 | 0.60 max. 
Grade D 430 modified 0.12 1.00 0.030 0.030 0.75 16.00 to 18.00 0.60 max. 
Grade S 304 modified | 0.08 2.50 0.035 0.030 0.85 18.00 min. 8.00 min. 
Grade M® 316 modified ; 0.08 2.50 0.035 0.030 0.85 17.00 min 10.00 min. 
Grade C° 347 modified 0.08 2.50 0.035 0.030 0.85 17.00 min 9.50 min. 
Grade T¢ 321 modified 0.08 2.50 0.035 0.030 0.85 17.00 min 9.00 min. 
phe carbon analysis shall be reported to the nearest hundredth of one per cent. 


Grade M shall have a minimum molybdenum content of 2.0 per cent. 


© Grade C shall have a columbium content of not less than ten times the carbon content and not more than 1 per cent. 
Grade T shall have a titanium content of not less than five times the carbon content and not more than 0.60 per cent. 


A 240 certain of the emergency alternate 
provisions in EA — A 240a will no longer 
be necesary and appropriate action to 
revise the latter will be taken through 
Committee E-10 on Standards. 

Table I.—Change the requirements as 
to chemical composition, where neces- 
sary, to read as shown in the accompany- 
ing Table I. 

Table IT.—Add the following test re- 
quirements for grade D: 


430 modified 
Tensile strength, min., psi........ 70 000 
Yield strength, min., psi..... 35 000 
Elongation in 2 in., min., per cent 22.0 
Brinell hardness number, max. . 202 
Rockwell hardness number, max. . B88 
180 


. 2 ees Supplement to Book of A.S.T.M. Standards, 
arti. 


The following revision is recommended 
in these specifications due to the fact that 
the yield strength as determined by the 
alternate method may not necessarily be 
identical with an offset value of 0.2 
per cent. 

Section 7.—At the end of Paragraph 
(a) add the following sentence and note: 

The requirements of these specifications for 
yield strength will be considered as having been 
fulfilled, however, if the extension under load does 
not exceed 0.0063 in. in a 2-in. gage length. 

Nore.—The value obtained in this manner 
should not, however, be taken as the actual yield 
strength for 0.2 per cent permanent set. 

Add the following as a new Paragraph 
(c): 

(c) Between the yield strength and fracture of 
the specimen, the cross-head speed of the testing 
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machine shall be between 4 and } in. per in, of 
gage length per minute. 

Section 15,—Change the description of 
No. 1 finish for plates to read the same as 
given above in the revision of Section 17 
in Specifications A 240. 

Standard Specifications for Corrosion- 
Resisting Chromium Steel Plate, Sheet, 
and Strip (A 176 — 43)? 

Section 15.—-Change the description of 
No. 1 finish for plates to read the same 
as given above in the revision of Section 
17 in Specifications A 240. 

Standard Specifications for High- 
Strength Corrosion-Resisting Chromium- 
Nickel Steel Sheet and Strip (A 177 — 43)? 

For the same reason as stated above 
for the revision in Specifications A 167, 
the following revision in this standard is 
recommended: 

Section 8.—At the end of Paragraph 
(a) add the following sentence and note: 

The requirements of these specifications for 
yield strength will be considered as having been 
fulfilled, however, if the extension under load for 
the specified yield strength does not exceed the 
specified values. 

Nore.—The value obtained in this manner 
should not, however, be taken as the actual yield 
strength for 0.2 per cent permanent set. 

Add a new Paragraph (c) reading the 
same as recommended above in Section 
7 of Specifications A 167. 


IT. REVISIONS OF TENTATIVE STANDARDS 

As a result of cooperation with the 
A.S.M.E. Boiler Code Committee, revi- 
sions are recommended in the following 
two specifications for clad plate in order 
that they will also be in accord with the 
interpretations for the use of these mate- 
rials in boiler and pressure vessel con- 
struction: 

Tentative Specifications for Corrosion 
Resisting Chromium Steel Clad Plate, 
Sheet and Strip (A 263 — 43 T)? 

Table I.—Omit all requirements for 
grade 6 (type 446). 

Change the requirements as to chemi- 
cal composition for grade 2 (type 410) to 


read the same as for grade A (type 410 
modified) in the accompanying Table I. 

In place of grade 4 (type 430) substi- 
tute grade B and grade D (type 430 modi- 
fied) as shown in the accompanying 
Table I. 

Tentative Specifications for Corrosion- 
Resisting Chromium-Nickel Steel Clad 
Plate, Sheet, and Strip (A 264 —- 43 T)? 

Table ].—Change the requirements as 
to chemical composition for types 304, 
316, 347, and 321 to read as shown for 
the modified types 304, 316, 347, and 321 
in the accompanying Table I. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
80 members, with the results shown in 
Table IT. 


TABLE II.—ANALYSIS OF LETTER BALLOT VOTE. 


| Ballots 
4 Affirm-| Nega- | Marked 
| ative | tive | “Not 
Voting” 


I. REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


Spec. for Corrosion-Resisting 
Chromium and Chromium- 


Nickel Steel Plate, Sheet, 
and Strip for Fusion-Welded q 
Unfired Pressure Vessels 
(A 240 - 43) ee me 44 0 11 
Spec. for Corrosion-Resisting 
Chromium-Nickel Steel Plate, 
Sheet, and Strip (A 167 - 43). 44 0 11 
Spec. for Corrosion-Resisting 
Chromium Steel Plate, Sheet, | 
and Strip (A 176-43)... 44 0 i 
Spec. for High-Strength Cor- | | 
rosion-Resisting Chromium- 
Nickel Steel Sheet and Strip 
(A 177 — 43) 44 0 11 


Il. Revisions or TENTATIVE 
STANDARDS 
Spec. for Corrosion-Resisting 
Chromium Steel Clad Plate, | 
Sheet, and Strip (A 263 | 
43 T) | 38 0 17 
| 


Spec. for Corrosion-Resisting 
Chromium-Nickel Steel Clad 
Plate, Sheet and Strip (A 264 - | 


43T)... 38 0 17 
Spec. for Chromium-Nickel- | 

Iron Alloy (25-12 Class) for | | 

High-Temperature Service... ‘| 42; 1 12 


Ill. New TENTATIVE STANDARD 
The committee recommends for publi- 


cation as tentative the new Specifications 
for Chromium-Nickel-Iron Alloy (25-12 


‘ 
( 


17 


12 
ARD 

r publi- 
ications 


(25-12 


Class) for High-Temperature Service,’ 
prepared in cooperation with Committee 
B-4 on Electrical-Heating, Electrical- 
Resistance and Electric-Furnace Alloys. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Classification of Data 
(E. F. Cone, chairman; Russell Franks, 
secretary).—At present the subcommit- 
tee, with the cooperation of the Alloy 
Castings Institute which consists of 
representatives of the foundries manufac- 
turing stainless steels in cast form, is 
obtaining data on the typical properties 
of cast chromium and chromium-nickel 
steels. The subcommittee has drawn up 
in table form an outline of the data on 
alloys in cast form needed for the publica- 
tion of a set of companion tables to the 
“Tables of Data on Chemical Composi- 
tions, Physical and Mechanical Proper- 
ties of Wrought Corrosion-Resisting and 
Heat-Resisting Chromium and Chro- 
mium-Nickel Steels,’ which, it is under- 
stood, will be issued jointly by the Alloy 
Castings Institute and A.S.T.M. The 
desired information is being solicited by 
the secretary of the A.C.I. from the 
various producers. Indications are that 
much of the information necessary for the 
preparation of the final publication will 
be available by the end of the year. 

Subcommittee IV on Methods of Corro- 
sion Testing (F. L. LaQue, chairman; 
Arba H. Thomas, secretary).—As the 
result of suggestions from various 
sources, the subcommittee has prepared 
certain changes in the Tentative Recom- 
mended Practice for Boiling Nitric Acid 
Test for Corrosion-Resisting Steels 
(A 262 -43 T) which will be submitted 
to the Society through Committee E-10 
on Standards subsequent to the Annual 
Meeting. 

H.M. Brown and G. H. Baker, acting as 


* These specifications were accepted as tentative by 
the Society and appear in the 1944 Book of A.S.T.M. 
Standards, Part I, p. 1778. 

ed December, 1942. 
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a special subgroup, prepared a proposed 
tentative method for total immersion 
tests of corrosion-resisting steels based on 
the Tentative Method of Total Immer- 
sion Testing of Non-Ferrous Metals 
(B 185-43 T). This proposed method 
is being reviewed by the subcommittee; 
insufficient time has elapsed to permit 
final action. 

Another special subgroup is engaged 
in formulating plans for a comprehensive 
program of atmospheric corrosion tests 
on corrosion-resisting steels, involving 
the exposure of various compositions in 
different mechanical forms to three types 
of atmospheres for periods up to 15 years. 
This program will be inaugurated as soon 
as it is practical todoso. In the mean- 
time, it is proposed to expose a few pilot 
specimens as soon as possible as a future 
guide in the choice of test sites for the 
main program. This subgroup also is 
attempting to accumulate existing data 
on the behavior of corrosion-resisting 
steels in the atmosphere looking toward 
issuing a summary of this information 
prior to conducting the atmospheric 
corrosion tests being planned. Contri- 
butions to this summary will be wel- 
comed by the subcommittee. 

Subcommittee V on Mechanical Tests 
(T. F. Olt, chairman).—The subcommit- 
tee conducted a round-robin series of 
tests, participated in by five laboratories, 
to study the effects of rate of strain on the 
tensile properties of quarter-hard and 
half-hard tempers of stainless steel strip 
covered by the Standard Specifications 
for High-Strength Corrosion-Resisting 
Chromium-Nickel Steel Sheet and Strip 
(A 177-43). Each participating lab- 
oratory obtained results at four rates of 
strain. Four different types of exten- 
someters were used. The results con- 
firmed previous experiments in which low 
rates of strain gave high tensile strength 
and elongation compared to the rates 
normally used in tension testing. These 
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data indicated that cross-head speeds 
between $ in. per inch of gage length per 
minute and } in. per inch of gage length 
per minute, as suggested by the Ameri- 
can Iron and Steel Institute, would 
greatly reduce the spread in tensile 
strength and elongation, and also permit 
testing at a reasonable rate. 

A second reund-robin series of tests 
dealing with the effect of specimen 
preparation, especially edge preparation 
in sheet specimens, is now under way. 

A communication was received from 
Joseph Winlock calling attention to the 
fact that yield strengths determined by 
the alternate method in the Standard 
Specifications for Corrosion-Resisting 
Chromium-Nickel Steel Plate, Sheet, 
and Strip (A 167-43) and for High- 
Strength Corrosion-Resisting Chromium- 
Nickel Steel Sheet and Strip (A 177 — 43) 
are not necessarily identical to 0.2 per 
cent offset yield strengths. In view of 
this, it was voted that Subcommittee V 
recommend to Subcommittee IX revi- 
sions in the sections on yield strength 
determinations in these two specifica- 
tions. Further revisions are recom- 
mended in each of these specifications 
limiting the cross-head speed of the test- 
ing machine between } and } in. per inch 
of gage length per minute for speed of 
testing between the yield strength and 
fracture. These changes are given in 
detail earlier in this report. 

Subcommittee VI on Metallography 
(Russell Franks, chairman).—Due to 
the pressure of other work, it has been 
impossible during the past year to make 
much progress in the work of the sub- 
committee which consists of attempting 
to find improved etching methods for 
detecting carbide in the grain boundaries 
of the austenitic chromium-nickel steels. 
However, as soon as the opportunity is 
available, additional work will be done 


7 on this problem. 


Subcommittee VII on Welding (L. C. 
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Bibber, chairman).—This subcommittee 
had been set up to develop recommended 
practices applicable to the welding of 
corrosion-resisting steels and methods for 
their examination. In view of the very 
extensive work in these directions under- 
taken by the American Welding Society, 
Subcommittee VIT was authorized to carry 
on liaison work in this field. Since there 
was no longer a need for the subcommit- 
tee, Mr. Bibber asked to be relieved of its 
chairmanship as a result of which it was 
recommended that Subcommittee VII 
be discharged. Action was taken at the 
March meeting to effect this change. 

Subcommittee VITI on Specifications for 
Wrought Products (J. K. Findley, chair- 
man).—This subcommittee prepared a 
draft of specifications for hot-rolled and 
cold-drawn corrosion-resisting bars which 
was reviewed during the March meeting 
of the subcommittee. Some minor 
changes were suggested, as for example, 
increasing the carbon content to 0.15 per 
cent max. in types 302 and 303. Ata 
recent meeting of the Technical Commit- 
tee on Stainless Steels of the American 
Iron and Steel Institute, the size toler- 
ances of bars covered by these specifica- 
tions were discussed; the results of this 
discussion have been considered in pre- 
paring the final draft which is now being 
balloted upon. It is expected that these 
specifications will be submitted to the 
Society through Committee E-10 on 
Standards subsequent to the Annual 
Meeting. 

The subcommittee is also preparing 
specifications for spring wire, completion 
of which is being actively prosecuted. 

Subcommittee IX on Specifications for 
Flat Products (C. C. Snyder, chairman). 
—TIn view of discussion at a joint meeting 
of the members of the Boiler Code Com- 
mittee of The American Society of Me- 
chanical Engineers and Subcommittee IX 
of Committee A-10, this subcommittee 
prepared revisions in the Standard 
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Specifications for Corrosion-Resisting 
Chromium and Chromium-Nickel Steel 
Plate, Sheet, and Strip for Fusion- 
Welded Unfired Pressure Vessels 
(A 240-43) which are being recom- 
mended for immediate adoption. 

It is also recommended that Emer- 
gency Alternate Provision EA —A 240a 
be revised by the omission of the require- 
ment lowering the titanium content for 
grade T since no shortage or prospect of 
future shortage of ferro-titanium exists. 

The subcommittee has under consider- 
ation revisions in the Tentative Specifica- 
tions for Corrosion-Resisting Chromium 
Steel Clad Plate, Sheet, and Strip 
(A 263 — 43 T) and for Chromium-Nickel 
Steel Clad Plate, Sheet, and Strip 
(A 264 — 43 T) to bring them in line with 
revised Specifications A 240. The 
Boiler Code Committee suggested that 
type 446 composition be omitted from 
Specifications A 263 because unsatisfac- 
tory welding has been experienced with 
this grade. A new composition contain- 
ing 14 to 16 per cent chromium, corre- 
sponding to that added to Specifications 
A 240, was recommended for incorpora- 
tion in Specifications A 263. It is hoped 
that the proposed revisions in these three 
specifications can be submitted to the 
Society in the near future. 

Based on information supplied by Sub- 
committee V, Subcommittee [IX recom- 
mends for immediate adoption revisions 
in the Standard Specifications for Corro- 
sion-Resisting Chromium-Nickel Steel 
Plate, Sheet, and Strip (A 167 - 43) and 
for High-Strength Corrosion-Resisting 
Chromium-Nickel Steel Sheet and Strip 
(A 177-43) as given earlier in this 
report. 

Subcommittee X on Specifications for 
Castings (J. J. Kanter, chairman).— 
The subcommittee has been working on 
specifications for a 25 per cent chromium, 
12 per cent nickel alloy to include high- 
temperature test requirements. Agree- 
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ment has been reached between this 
subcommittee, A.S.T.M. Committee B-4 
on Electrical-Heating, Electrical-Resist- 
ance, and Electric-Furnace Alloys, and 
the American Petroleum Institute with 
respect to these specifications and it is 
also planned to consult with the Alloy 
Castings Institute. It is hoped that 
these specifications can be submitted to 
Committee A-10 shortly. 

Subcommittee XI on Specifications for 
Tubular Products (J. J. B. Rutherford, 
chairman).—The joint committee con- 
sisting of members from Subcommittee 
IX on Steel Tubing and Pipe of Commit- 
tee A-1, and Subcommittee XI of Com- 
mittee A-10, organized to prepare 
specifications for stainless steel tubing 
for various applications, including au- 
stenitic and ferritic seamless and welded 
tubes for general service, materials for 
cracking stills, and tubes for the dairy 
and food industries, has submitted four 
specifications for stainless steel tubing. 
It is expected that final agreement on 
these specifications may be reached at the 
June meeting. The standard composi- 
tions are to be included in these specifi- 
cations and emergency alternate provi- 
sions, only to be effective for the duration 
are to be submitted for publication in the 
form of a sticker for attachment to the 
specifications. It was necessary to har- 
monize these compositions with those 
included in the Standard Specifications 
for Seamless Alloy-Steel Boiler and 
Superheater ‘Tubes (A 213-42) and in 
the Tentative Specifications for Seamless 
Alloy-Steel Pipe for Service at Tempera- 
tures from 750 to 1100 F. (A 158 — 42 T) 
which are under the jurisdiction of 
Committee A-1. 


. The present officers of the committee 
have been re-elected for the ensuing 
term of two years. 
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This report has been submitted to Respectfully submitted on behalf of 
letter ballot of the committee which the committee, 
consists of 80 members; 55 members JEROME STRAUSS, 
returned their ballots, of whom 44 have H. D. NEWELL, Chairman. 
voted affirmatively, and 0 negatively. Secretary. 


EDITORIAL NOTE 


Subsequent to the ‘Annual Meeting, Committee A-10 presented as joint 
sponsor with Committee A-1 on Steel, the following recommendations to the 
Society through Committee E-10 on Standards: 


New Tentative Specifications for: 


Seamless and Welded Ferritic Stainless Stee] Tubing for General Service (A 268 - 44 T) and Emergency 
Alternate Provisions EA - A 2 
Seamless and Welded Austenitic Stainless Steel Tubing for General Service (A 269 - 44 T) and Emer- 
69, 


gency Alternate Provisions EA - A 2 

Seamless and Welded Austenitic Stainless Steel Tubing for Dairy and Food Industry (A 270 - 44 T) 
and Emergency Alternate Provisions EA - A 270, an 

Seamless Austentic Chromium- Nickel — Still Tubes for Refinery Service (A 271 — 44 T) and Emer 
gency Alternate Provisions EA - A 271 


These recommendations were accepted by Committee E-10 on October 25, 
1944, and the new tentative specifications and emergency alternate provisions 
appear in the 1944 Book of A.S.T.M. Standards, Part I. 

On December 27, 1944, the Standards Committee accepted the following 
recommendations of Committee A110: 


Tentative S pecifications for: 

Hot-Rolled and Cold-Finished Corrosion Resisting Bars (A 216 - 44 T), 

Tentative Method of: 

Total Immersion Testing of Stainless Steels (A 279 - 44 T), 

Revision of Tentative Recommended Practice for: 

Boiling Nitric Acid Test for Corrosion-Resisting Steels (A 262 - 43 T), and 

Withdrawal of Emergency Alternate Provisions in the 

Standard Specifications for Corrosion-Resisting, Chromium and Chromium-Nickel Steel Plate, Sheet 
and Strip, for Fusion-Welded Unfired Pressure Vessels (EA - A 240a). 
The new and revised tentatives also appear in the 1944 Book of A.S.T.M. 

Standards, Part I. 
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COOPERATIVE STUDY OF EFFECT OF RATE OF STRAIN ON THE 


It has been quite generally recognized 
for some time that tension tests of the 
austenitic stainless steels are quite sensi- 
tive to variations in testing. This is 
particularly true of the rate of strain 
when testing the high-strength 17 per 
cent chromium, 7 per cent nickel stain- 
less steels. As these high-strength mate- 
rials are produced by cold rolling and 
since austenitic stainless steel transforms 
when cold worked, the amount of trans- 
formation being dependent upon the 
amount of work and likely upon rate of 
working, it is to be expected that rate of 
strain would affect the tensile properties.’ 

The various specifications governing 
the production of stainless steel sheet 
and strip differ widely in the allowable 
rates of strain specified for conducting 
tension tests. Accordingly, it was the 
aim of Subcommittee V to investigate 
the effect of rate of strain, within 
practical limits, and to recommend as a 
standard a limiting range which would 
decrease the wide spread in results and 
yet permit testing at a rate compatible 
with normal laboratory procedures. 

A preliminary program was inaugu- 
rated to compare the results obtained 
by the following five cooperative labora- 
tories using their usual practice for 
tension testing of stainless steel sheet: 


American Rolling Mill Co. 


Carnegie-Illinois Steel Corp. 
Dow Chemical Co. 
International Nickel Co. 


_ Union Carbon and Carbide Co. 


- TENSILE PROPERTIES OF STAINLESS SHEETS 
jaa REPORT OF SUBCOMMITTEE V ON MECHANICAL TESTS 


All tests both in the original program — 
and the one which later developed were 
conducted on specimens of standard 
dimensions, 0.5 in. in width with a 
gage length of 2 in. taken with the long 
axis perpendicular to the direction of 
rolling. 

Sets of tension specimens were pre- 
pared from triplicate samples of material 
conforming to the following A.S.T.M. 
specifications and submitted 
cooperating laboratories for tests: 


to the 


Standard Specifications for Corrosion-Resist- 
ing Chromium Steel Plate, Sheet, and Strip 
(A 176 - 43), grade 4 (type 430), in the annealed 
state. 

Standard Specifications for Corrosion Resist- 
ing Chromium-Nickel Steel Plate, Sheet, and 
Strip A 167 — 43), grades 1, 3, 5, and 6 (types — 
301, 304, 321 and 347), all in the annealed 
state. 

Standard Specifications for High-Strength — 
Corrosion-Resisting Chromium-Nickel Steel 
Sheet and Strip (A 177 - 43), in the half-hard 
and three-quarter hard tempers. 


Yield strength determinations were 
obtained by the 0.2 per cent offset 
method (manually plotted curves) by 
three of the laboratories and by the 
0.5 per cent extension under load method 
(autographically recorded curves) by 
the other two laboratories. Cross-head 
speeds of 0.02 to 0.11 in. per min. were 
used to the yield strength and 0.28 to 
0.51 in. per min. from yield strength to 
fracture with the exception of one 
laboratory which used extremely slow 
speeds of 0.08 to 0.148 in. per min. 


133 


134 


TABLE I.—EFFECT OF RATE OF STRAIN ON 
TENSILE PROPERTIES OF HIGH TENSILE 
STRENGTH STAINLESS STEEL CON FORMING TO 
AS.T.M. SPECIFICATIONS A 1 77.2 


Rate of Strain 
(Cross-head 
Speed) in. per 
min. Yield 

Strength 

(0.2 per 
cent 

offset), 
psi. 


Yield Strength | 
to Fracture 


Have-Haxp TEMPER 


164 200 
166 000 
161 300 
163 300 
161°400 


163 200 


162 500 
161 300 
159 000 


0.02 115 800 
0.02 125 200 
0.02 120 600 
0.02 121 100 

} 116 700 
119 900 
115 600 
114 800 
116 100 
119 700 161 700 
120 500 161 500 


117 300 161 200 


114 900 160 100 
159 800 
155 400 
161 900 
160 000 


159 400 


158 300 
159 300 
154 000 
160 300 
158 300 


158 000 


116 400 
118 700 
115 500 
120 500 
123 600 


118 900 


UARTER-HARD Tempe 
99 000 
103 200 
102 500 
102 600 
0. ‘017 104 100 
102 300 


9 300 
103 800 
103 200 
102 700 
108 100 


103 400 


99 400 
104 000 
102 000 
102 600 
108 400 
103 00 141 200 

99 700 
102 400 
101 800 
103 500 
107 100 


158 700 


102 900 


* All values are an — of three tests. 
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There were no appreciable definite 
effects due to speed of testing noted on 
the five grades of stainless steel tested, 
with the exception of those tests made 
at the very slow rates of strain which 
exhibited higher tensile strength and 
elongation values. The yield strengths 
obtained by the 0.5 per cent extension 
under load method were generally slight- 
ly higher than those obtained by the 
0.2 per cent offset method. There was, 
however, considerable variation in the 
results obtained by the three labora- 
tories using the 0.2 per cent offset 
method. 

From the results of the first program 
it was deemed advisable to continue 
the work having all participating labora- 
tories use the same rates of strain and 
determine yield strengths at 0.2 per cent 
offset. Sets of triplicate samples of 
material conforming to Specifications 
A 177 in the quarter-hard and half-hard 
tempers were submitted for testing to 
the laboratories of the five previously 
mentioned cooperating companies. 
Speeds of testing used were as follows: 


(0.02 in. per min. throughout (one laboratory 
used 0.0168 in per min.). 

0.05 in. per min. throughout. 

0.05 in. per min. to yield strength, and 0.2 in. 
per min. from yield strength to fracture. 

0 05 in. per min. to yield strength, and 0.5 in. 
per min. from yield strength to fracture. 


Four laboratories used manually plot- 
ted curves for yield strength deter- 
minations and one used autographically 
recorded curves. The test results are 
shown in ‘Table I. 

The results obtained confirm those 
of the previous test in which low rates of 
strain produced higher tensile strength 
and elongation values as compared to 
rates normally used. The softer the 
temper the more pronounced is_ the 
effect of rate of strain. In the range of 
speeds tested the yield strength is not 
materially affected by increasing rate of 
strain while the ultimate —- de- 


cre 
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so 
sti 
st 
Elonga- 
i. Tensile | tion in Jo 
tory Strength,| 2 in., 
psi. ga 
cen 
| 25 th 
ws ° 
on 
th 
m 
30 th 
es 0.02 25 lit 
| 23.5 
S........] 0.017 | 29.7 pe 
Avg .... I 
st 
25.3 
25.7 
21.5 
27.7 
Avg.... 
2........| 0.05 | 0.2 19.8 
0.2 21.0 
0.05 0.5 19.3 
0.05 0.5 18.0 
| -| 0.05 0.5 17.7 
0.5 18.0 
0.5 18.3 
, 146 000 40.0 
147 300 37.0 
145 700 38.2 
145900 | 29.0 
146 800 34.7 
Avg.... 146 300 35.8 
Biases 0.05 | 144300 | 34.7 
.05 | 148000 | 35.2 
0.05 144 800 | 33.0 
ea Cte 0.05 145 700 28.0 
0.05 146 300 38.2 
Avg.....) .. | 33.8 
0.05 0.2 29.8 
0.2 29.7 
err 0.2 24.0 
Avg... 
. 1 0.05 0.5 
2 0.05 0.5 1.0 
3 0.05 0.5 | 24.2 
- 4 0.05 0.5 23.0 
0.05 o.5 |} 24.2 


EFFECT OF RATE OF STRAIN ON TENSILE PROPERTIES OF STAINLESS STEEL 


creases slightly and the elongation de- 
creases markedly. These results show 
some agreement with work done on 
stainless steel in connection with rate of 
strain as reported in the paper by P. G. 
Jones and H. F. Moore on “An Investi- 
gation of the Effect of Rate of Strain on 
the Results of Tension Tests of Metals.””! 

On the basis of the results obtained in 
this study, the subcommittee recom- 
mended the adoption of the proposal of 
the American Iron and Steel Institute to 
limit the cross-head speed to } to $ in. 
per in. of gage length per minute for 
speed of testing between the yield 
strength and fracture. No recommenda- 


-&. 


tion was made on rate of strain or rate of 
loading up to the yield strength pending 
further investigation of that phase of 
the problem. It is planned also to 
continue the cooperative program to 
determine the effects of method of 
specimen preparation on the mechanical 
properties of stainless steels. 


Respectfully submitted on behalf of 


the subcommittee, 


G hairman, 


1 Proceedings, Am. Soc. Testing Mats., Vol. 40, p. 610° 
(1940). 
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_ REPORT OF THE RESEARCH COMMITTEE 
ON 


FATIGUE OF METALS 


During the past year the members of 
the Research Committee on Fatigue of 
Metals together with many other experi- 
menters in this field have been engaged 
for the most part in work directly or in- 
directly connected with the war effort. 
Most of the results of this work have 
not been available for publication and 
cannot be summarized at this time. 
‘The members have been extremely busy, 
and it has not been feasible to hold a 
formal meeting during the year. As in- 
dicated in such formal and informal re- 
ports as have been available, the 
following features have been of rather 
special interest during the year: 

1. Fatigue strength of metals and 
metal parts under definite limited life as 
well as the endurance limit under an 
indefinitely long period of service. 

2. The effect of surface conditions. 
Data are available which indicate that 
extremely high polish does not increase 
to any marked degree the fatigue 
strength of many metals above the 
fatigue strength when tested with an 
ordinary shop polish. 

3. Surface treatments for increasing 
fatigue strength including surface heat 
treating, carburizing, nitriding, and shot 
blasting. 


a 
5. Fatigue strength of welded joints. 
6. The effect of aging of metals, espe- 

cially of light alloys, on fatigue strength. 

7. The growing development of heavy 
apparatus for full-sized tests of machine 
parts and specimens. 

8. Fatigue strength of plastics. Al- 
though this subject does not come 
strictly under the fatigue strength of 
metals, it has received much attention. 

The research on the effect of size of 
specimen on fatigue strength carried on 
at the University of Illinois has been 
greatly retarded by the loss of men to 
the armed services and to war industries. 
It has also been very difficult to obtain 
apparatus and equipment. However, 
there is presented as an Appendix to this 
report, a Third Progress Report on the 
Effect of Size of Specimen on Fatigue 
Strength of Three Types of Steel. 


This report has been submitted to 
letter ballot to the committee which 
consists of 24 members; 17 members re- 
turned their ballots, of whom 15 have 
voted affirmatively and 2 negatively. 


Respectfully submitted on behalf of 
the committee, 


H. F. Moore, 


Chairman 
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THIRD PROGRESS REPORT ON THE EFFECT OF SIZE OF 
SPECIMEN ON FATIGUE STRENGTH OF THREE TYPES 

OF STEEL 


PREPARED BY D. Morxkovin! anp H. F. Moore! 


SYNOPSIS 

Fatigue tests of specimens of $.A.E. 1035 steel were made on various sizes 
of specimens. These specimens had been thoroughly annealed to remove 

any residual stresses. The annealing was done after the machining and pol- 

ishing of the specimens, and was done in a vacuum furnace so that the polished 

surfaces remained bright after annealing. A positive size effect was found for 

these annealed specimens, indicating that size effect may be present even if 

there are no appreciable residual stresses. 

A study of the test data obtained so far has been made by means of the 
Neuber analysis. It was found that values of the constants in the Neuber 
analysis could be chosen so that the endurance limits predicted by the Neuber 
analysis and those found by actual fatigue tests were in fairly good agree- 
ment. Size effect in unnotched specimens as found by fatigue tests checked 
reasonably well with the results of the Neuber analysis, based on the assump- 
tion that the inherent defects in steel may be regarded as equivalent to small 
notches in their weakening effect. 

A method of obtaining one of the Neuber constants by means of two series 
of fatigue tests, one on unnotched specimens and the other on notched, is 
described and checked against the experimental results obtained. 

The possibility of reduced fatigue strength of still larger specimens owing 
to the probability of the occurrence of localized macro-defects in such speci- 
mens at critical regions near the surface is considered, and the desirability 
of the initiation of a program of fatigue tests on various types of non-ferrous 


metal is emphasized. 


Scope of Investigation: — 


internal or residual stresses present in the 
machined and polished specimens might 
be at least partially responsible for the 
different endurance limits of specimens of 
the same metal and shape but of different 
size. 

The first and second progress reports 


The investigation of “size effect” on 
fatigue strength was planned to cover 
three main lines of study: (1) effect of size 
on unnotched, polished specimens, (2) 
effect of size on notched, polished speci- 


mens, and (3) the question whether any 


Research Associate in Theoretical and 
a 


Applied Mechanics, and Research Professor of Engineer- 


Materials, 
Tifnois. Emeritus, respectively, University of 


considered the first and second of these 
objectives (1, 2).” 
2 The boldface numbers in parentheses refer to the 


reports and papers appearing .. the list of references 
appended to this paper, see p. 
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This third progress report treats of the 
third objective and includes a discussion 
_of size effect based on Neuber’s theory. 


Metals Tested and Testing Machines: 


The steels tested were from the same 
bars as those reported on in 1942: 
~ namely, (1) 15 bars each 33 in. in diame- 
ter and 20 ft. long of an S.A.E. 1020 
carbon steel hot-rolled and furnished by 
the Carnegie-Lllinois Steel Corp., (2) 16 
bars each 3} in. in diameter and 19 ft. 


TABLE I.—HEAT ANALYSES OF THE STEELS 
USED IN SIZE EFFECT TESTS. 


Chemical Content, per cent 


Manganese 
Chromium 

| Molybdenum 
Phosphorus 


Silicon 


cco 
coo 
sae 


sss 
“aun 


S.A.E. 1020, as rolled 
(X 60). 


: 


S.A.E. 1035, as rolled 
(xX 60 


long of an S.A.E. 1035 steel hot-rolled 
and furnished by the Carnegie-IIllinois 
Steel Corp., and (3) 11 bars each 3 in. 
in diameter and in lengths varying from 
17 to 21 ft. of S.A.E. X4130 steel 
heat treated to approximately 300 Brinell 
hardness and furnished by the Timken 
Roller Bearing Co. Table I gives the 
chemical composition and Table IT the 
mechanical properties of the steels tested. 

Figure 1 shows the microstructure of 
the steels tested in the condition in which 


TABLE II.—MECHANICAL PROPERTIES OF THE 
STEELS USED IN SIZE EFFECT TESTS. 


Yield 
Strength, 


Strength, psi. 
Elongation in 2 

in., per cent 
Reduction of 


Tensile 


E. 1020, as rolled ... 
E. 1035, as rolled ... 
E. 1035, annealed ... 
E. X4130, heat- 
treated 


a 


S.A. 
S.A. 
S.A. 
S.A. 


a a Yield point by halt of pointer of load-indica>1 
ial. 

Yield strength by 0.2 per cent offset from stress- 
strain diagram. 


S.A.E. X4130, Heat 
Treated (X 120). 


Transverse Sections. 


Fic. 1.—Photomicrographs of Steel. 
Photomicrographs by Prof. W. C. Bruckner, University of Llinois. 


from 


4 ts ‘ 
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; psi. 
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all the specimens reported in the first two 
progress reports (of which, the results are 
recapitulated in Fig. 7) were tested. 
Figure 2 shows the microstructure of 
those few specimens which were annealed 
at 1500 F. for 2 hr. in vacuum. 

The testing machines were“the same 


Fic. 2.—Photomicrograph of S.A.E. 1035 Steel, 
Vacuum Annealed (X 60). 
Longitudinal section. The edge shown at the top of 
the micrograph is at the polished edge of the specimen. 
by Prof. W. C. Bruckner, University 
0 inois 


R-Approx.5d 


Fic. 3.—Diagram of Typical Test Specimen 
(Unnotched) and Rotating-Cantilever 
Testing Machine. 


machines used in making the tests of the 
unnotched bars which were reported on 
in 1942 (1). The type of machine is 
shown in Fig. 3. 


Fatigue Specimens: 


In cutting fatigue specimens from ‘the 
rods as furnished, the axis of the largest 
specimen was the same as the axis of the 
bar. In cutting the other specimens 


from the bars, it was attempted to bring 


the inner end of the minimum diameter 
as nearly as possible to the same radius 
from the axis of the bar as was the sur- 


Fic. 4.—Location of Specimens in the 
Rolled Bars. 
114-, 1%-, and 1)%-in. specimens. 
1-in. specimens. 
¥4-in. specimens. 
4-in. specimens. 
¥-in. specimens. 


e Nominal Proportions of 
Specimens Tested 


“0.08; 25; +25 
From the diagram the 
theoretical stress -concentration 
factor for longitudinal bending - 
stress at the root of the notch 1s 


measured by the length of the 
line ON and 1s equal fo 2.0 


Fic. 5.—Nominal Proportions of Notched Spec- 
imens and Neuber’s Diagram Used for the 
Determination of the Theoretical Stress Con- 
centration Factor k, in Pure Bending of Round 
Members with Circumferential Notch. 

When it is desired to use this Neuber diagram for val- 


ues of Va/p greater than 3.5, taking advantage of the 
fact that the upper part of the curve is very nearly a 
straight line, values of ordinate y corresponding to val- 
ues of Va/p greater than 3.5 may be computed from 


the equation. y = 0.400 + 0.715 Va/p The value of y 
is read off the vertical scale at the ri ght hand edge of the 
diagram. 


face of the largest specimen. The 
location of the specimens in the bars is 
shown in Fig. 4. 

The nominal 


proportions of the 
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‘notched section of the specimen are hyperbolic profile with radius of curva- 
shown in Fig. 5. The notch in each ture p, depth of notch ¢, and minimum 
notched specimen was a semi-circular diameter of the specimen at the root of 
groove with a radius equal to 0.08 times notch 2a. It was assumed that the 
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Cycles of Reversed Flexure 


5 i wie 010° 10 wlio i108 010° 10° 10 


Bi 
1020 Steel- as rolled 


Stress, psi. 


90 000 
80000 
70000 
60 000 
§0000 
40000 
30000 


Specimens Specimens Specimens /" Specimens Specimens der 

10 000 in 

SAE. X4130 Steel, Heat-Treated 

x Peterson's Tests of 2-inch Specimens + | 
Fic. 6.—S-N Diagrams for Specimens Tested. — 
‘.N diagrams for S.A.E. 1035 steel annealed shown in Fig. 9. Mer 
Alo: 
_ the minimum diameter of the specimen _ stress concentration factor at the root of unn 
at the root of the notch. a semi-circular groove does not differ finis 
Figure 5 shows also the Neuber dia- appreciably from the stress concentration with 
gram(3)? for theoretical bending stress factor at the root of a hyperbolic groove on : 


concentration at the root of a groove of of the same radius of curvature and 


O OOO 
50 000 
| 
SAE 1035 Steel -as rolled 
ne 
| 


W 


depth ¢. Using the diagram in Fig. 5 as 
indicated by the arrows, the value of the 
theoretical stress-concentration factor ky 
at the root of the groove of the propor- 
tions common to all notched specimens 
tested was found to be 2.0. This theo- 
retical stress concentration factor k;, is 


the ratio 57 in which s; denotes the maxi- 


n 


mum longitudinal stress at the root of the 


mandrel rotated. Notches in specimens 
of sizes 1, 3, }, and 4-in. were polished 
with a rotating soft copper wire of proper 
diameter, flooded with oil with fused 
alumina size 240 (alundum grain), and 
finished in the same manner with silicon 


carbide grain No. FFF. The axis of | 
the swiftly rotating mandrel was held at | 
approximately 90 deg. with the axis of © 


the slowly rotating specimen. 


SAE 1020 SAE 1035 SAE X4130 
@) - 
80 as rolle as rolle Ga = 
70 000 oN Unnotched 
60000 
a 
50 000 
an 
40000 t Unnotched — 
30000 Notched — 
5 20000} 
10000 — 
0 05 10 15 20 0 05 10 15 20 0 05 10 15 20 


Critical Diameter of Specimen, in. 


Jests ot Univ. of Illinois 


Tests by Peterson at Westinghouse Lob. 


Fic. 7.—Effect of Size of Specimen on Endurance Limit of Unnotched and of Notche| 
Rotating-Cantilever Specimens. 


notch (as calculated by Neuber), and s, 
denotes the nominal longitudinal stress 
in the same fiber, as computed by the 
ordinary flexure formula. 

Polishing of Specimens: 

The unnotched specimens of nominal 
2,1, 3, and }-in. sizes and notched ones of 
nominal 2-in. size were polished with 
Metalite cloth grit 120 and finished with 
Aloxite cloth grit 240, with oil. The 
unnotched specimens of {-in. size were 
finished with Emery paper grit No. 00, 
with oil. The cloth or paper was held 
on a mandrel and both specimen and 


Data and Results of Tests: 


The data of the fatigue tests on the 
S.A.E. 1020 as rolled, the S.A.E. 1035 
steel as rolled, and the S.A.F. X4130 
steel, heat treated, are given in Fig. 6 as 
S-N diagrams for the fatigue tests. The 
test data and results of the fatigue tests 
of specimens of S.A.E. 1035 steel, an- 
nealed, are discussed in a later section. 

Figure 7 shows graphically the falling 
off of the endurance limit as the size of 
specimen is increased from }{ in. in 
diameter up to some value between 3 in. 
and ? in. in diameter. The fatigue 
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On EFFect oF SIZE OF SPECIMEN ON FATIGUE STRENGTH _ 


strength of parts larger than 2 in. in 


cooling never exceeded 200 F. per hr. | 
diameter is discussed in a later section. 


After bringing up the temperature to | 


igure 8 shows the effect of size on 
fatigue strength in terms of percentages 
of the endurance limit of specimens with 
diameters of 1 in. and over. It is to be 
noted that on the percentage basis all the 
test results fit into a narrow strip on the 
right-hand diagram of Fig. 8. 


Size Effect in a Steel Free from Internal 
Stress: 


It has often been suggested that a 
major, perhaps the major, cause of the 
reduced strength of large fatigue speci- 
mens, or of machine parts subjected to 
repeated stress, may be the larger 
residual stresses to be found in large 
parts, especially heat-treated machine 
parts. It was planned to make a rather 
elaborate study of the residual stresSes in 
the different sizes of specimens tested, 
but the reduction of the laboratory force, 
due to war conditions, made this impossi- 
ble. However some tests were made of 
different sizes of specimens of S.A.E. 
1035 steel which had been thoroughly 
annealed and all residual stresses pre- 
sumably removed. Specimens of three 
different sizes (3, }, and 3 in. in diameter, 
the sizes for which the size effect had 
been most pronounced in the “‘as rolled” 
specimens) were machined, polished, and 
then annealed in vacuum* and thus all 
residual stresses due to previous rolling, 
machining and polishing, presumably 
were removed. All the specimens were 
packed together in steel wool and in- 
serted in a sealed alloy steel tube. The 
tube was evacuated to 75 u before heating 
was started. The rate of heating was 
controlled so that 100 to 125 yw were 
never exceeded. The rate of heating and 

* The annealing was done in the Metallurgical Labora- 
tory of the Department of Mining and Metallurgical 
Engineering of the University of Illinois by W. H. Bruck- 
ner, Research Assistant Professor of Metallurgical En- 


gineering, by whom also the photomicrographs shown 
in Figs. 1 and 2 were made. 


1500 F., the specimens were held at this 
temperature for 2 hr. and then slowly 
cooled, still under vacuum. The poi- 
ished surface of the specimens remained 
bright after annealing. 

If during the annealing process there 
occurred any surface decarburizing or 
grain boundary corrosion in the surface 
layers of the metal there might be set up 
a “negative” size effect which would tend 
to mask any “positive” size effect remain- 
ing in the specimen after annealing. The 
decarburization of the surface layer 
would extend to approximately the same 
depth in the different sizes of specimens. 
The same would be true for any grain 
boundary corrosion in surface layers. 
Either of these would weaken the metal, 
and the percentage of thickness of the 
metal affected would be greatest in the 
specimens of smallest diameter. As a 
matter of fact the photomicrographs 
shown in Fig. 2 show no evidences of 
surface decarburization. 
positive size effect is still apparent even 
after the recrystallization, and in spite 
of any opposite tendency due to any 
decarburization or grain boundary cor- 
rosion, evidence is given that size effect 
in fatigue may still be present even if 
there are no appreciable residual stresses 
in a specimen. Such a positive size 
effect is shown in Fig. 9 which gives the 
S-N diagrams for the annealed specimens 
of S.A.E. 1035 steel. The larger speci- 
mens show distinctly less fatigue strength 
than do the smaller specimens, except 
that for the notched specimens the 3-in. 
specimens and the 2-in. specimens de- 
veloped about the same fatigue strength. 

These tests, although few in number, 
furnish a clear case of a positive size 
effect in a steel from which residual 
stresses had been removed by thorough | 
annealing. 
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after M achining and Polishing. 
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INHERENT DEFECTS AS A POSSIBLE 
EXPLANATION OF “SIZE EFFECT” 


Any minute inherent defects in the 
material of a machine part are presum- 
ably distributed at random throughout 
the material, and any such defect acts 
to set up stress concentrations in its 
immediate vicinity. Such defects which 
are on the surface of the part, or which 
emerge or are caused during a machining 
process are most dangerous, because the 
surface “‘fibers” at any section are usually 
subjected to maximum stress. Neuber’s 
analysis (3) is here suggested as a method 
of estimating the effect of such “stress 
raisers.” This involves the assumption 
that the stress concentration set up may 
be regarded as equivalent to that set up 
by a semicircular notch of radius pp. 
The choice of a value for pp is a rather 
speculative matter, but in this paper a 
value is found by trial and error which 
fits the results of fatigue tests of un- 
notched specimens‘ and then some con- 
sideration is given to the possible physical 
significance of the values found. 

If a value of pp is estimated or as- 
sumed, then Neuber’s diagram (Fig. 5) 
may be used to determine the “theo- 
retical” value of the stress concentration 
factor due to the “defects” in the metal. 

In Fig. 10 are shown two sets of curves, 
one for each of two different metals, and 
the upper three curves for each metal 
show the “theoretical” values of the 
stress concentration factor obtained by 
using the Neuber diagram alone. 

Now it is a matter of general experi- 
ence that values of the actual strength- 
reduction factor for metal parts are 
smaller than the values of stress concen- 
tration factor derived, as is the Neuber 


*The ‘“‘unnotched” specimens tested actually have 
some stress concentration due to the turned down section 
of the specimen, but the stress concentration factor due 
to this cause is about 1.05, and this factor, being of the 
same order of magnitude as the variations between differ- 
ent fatigue results for nominally identical specimens, 
has been neglected in this paper. 


diagram, from a mathematical analysis 
based on the assumptions of the mathe- 
matical theory of elasticity, namely, the 
assumptions of homogeneity, isotropy, 
and Hooke’s law. These assumptions 
are never perfectly realized in any com- 
mon structural material, especially in 
metals composed of crystalline grains, 
and under any stress there is probably 
some inelastic yielding which tends to 
cut down the peaks of stress concentra- 
tion. In his treatise (3) Neuber recog- 
nized this and proposed a formula to 
determine from the ‘‘theoretical” stress 


concentration factor an actual strength- 
reduction factor. Neuber’s modifying 
formula is: 
kw — 1 
Y= 1 + —_...... (1) 
Vol 


where: 


k’ =the actual strength-reduction 
factor due to the notch, 

k, = the “theoretical” or “geometri- 
cal” stress concentration fac-— 
tor given by the Neuber 
diagram (Fig. 5), 

the radius of curvature at the 
bottom of the notch, and 

some dimension of the “elemen- 
tary structural unit” of the 
metal. 

Evidently the “elementary structural 
unit” is a concept not used in conven- 
tional mechanics of materials. It may 
be thought of as the smallest individual 
block of the metal whose fracture will 
start a spreading crack in the metal 
under repeated stress. 

In studying the use of Eq. 1, for each 
metal studied, a value of p’ was found by 
trial and error which harmonized to a 
satisfactory degree the results of the use 
of the Neuber diagram and formula with 
the results of actual fatigue tests. This 
is the same kind of procedure as was 
followed for values of pp , and the possi- 


/ 
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ble significance of p’ is also considered in were found which gave results which 
a later paragraph. agreed quite well with test results. 


TABLE III.—COMPUTED wef OF “DEFECTS” IN STEEL ON ENDURANCE LIMIT 
F UNNOTCHED SPECIMENS, 


A small ‘‘defect’”’ is assumed to be aman in weakening the metal under repeated stress to a semicircular 
notch with a1 a radius Pp: 


Diameter of Specimen, in...| % % 1 11% | | % 1 1% 


S.A.E. 1020 STEEL, as ROLLED S.A.E. 1035 


Item 
1 Endurance Limit of Un- 
notched Specimen 
(Se), by Test, psi......|34 000): 
2 pp, assumed for “De- 
fect,” in. 0.006 

Half- diameter « of Speci- 
men, (a in Fig. 5), in..|0.0625 

..|3.22 

“Theoretical” Stress 
concentration Factor, 
from Neuber Dia- 
gram (Fig. 

E Tete Radius (p’ ) 
"te “Structural Unit” 
of in., assumed 
to 


8 Strength reduction Fac- 
tor (k’); from Neu- 
ber Diagram, modified 
b Formula 
(Eq 

9 Computed Endurance 
Limit for Unnotched 
Specimen, free from 
Defects = Se X k’, 


.|50 000/50 200/47 500 ws 65 600 70 500 | 66 800 


S.A.E. 1035 Steet, as ROLLED .A.E. X4130 Sreet, Heat-TREATED 


| 


35 000/34 400) .. 


10 Endurance Limit of | 
Unnotched 
(Se), by Test, Ss 39 000 

| 


006 (0.006 

12 Half. diameter for 
imen, (a in Fig. 7 in..\0. 0.125 |0.250 |0.500 
13 Va/pp..- |4.55 |6.43 |9.10 
“Theoretical Stress c con- 
centration from Neu- 
ber Diagram (Fig. 5). 2.59 |2.78 |2.89 2 2.78 
Radius (p’) 
or “Structural Unit” 
of Metal, in., 
0.00068 0.00068 0. 


0.113 |0.113 

7 Strength reduction Fac- 
tor (k’); from Neu- 
ber Diagram, modified 
by Neuber Formula 
(Eq. 1).. 
Computed ‘Endurance 
Limit for Unnotched 
Specimen, free from 
Defects = Se X k’, ' 

58 500 61 200|57 50057 800) .. |58 400) 36 000 168 000) 167 000 169 000,173 000) .. 


This method of trial and error for find- However, even this gives promise of 
ing values of p’ and pp means, of course, usefulness. Many more tests of other 
that the only thing demonstrated is that, metals, and careful study of the relation 
using the Neuber diagram and formula, of the values of p’ and pp with physical 
values of pp and p’ for the metals tested properties of the metals, such as graif 


S] 
le 
n 
W 
a 
st 
Item st 
7 de 
.. |28 200) 19 34 000 | 31 500 di 
).006 0.006 |0.006 | .. | 0.006) 20 (0.006 (0.006 (0.006 nid ot th 
1.125 |0.250 |0.500 | .. | 0.938} 21 |0.0625 |0.125 0.250 | 
1.55 16.43 [9.10 | .. \12.50] 22 \3.22 |4.55 (6.43 
2.59 |2.78 |2.89 | .. | 2.95] 23 |2.30 |2.59 |2.78 | 
0.019 0.019 |0.019 | .. | 0.019} 24 (0.0014 \0.0014 
1.78 |1.78 |1.78 |1.78 | .. | 1.78] 25 |0.485 |0.485 |0.485 | .. 
1.47 |1.57 |1.64 |1.68 | .. | 1.70] 26 |1.88 |2.07  |2.12 
34 400| 28 | 75 400/69 800/ 65 000 
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10 és 
| 
val 
of 
red 
plic 
by 
spe 
be 
spe 
note 
ase 


ich 
its. 


nise of 
other 
elation 
shysical 
s grain 


size, dimensions of small surface irregu- 
larities, etc., must be made. 

The results of the fatigue tests of un- 
notched specimens of different sizes may 
now be regarded as tests of specimens in 
which there are stress raisers. Assuming 
a value of pp and of p’ the “theoretical” 
stress concentration factor k, and the 
strength reduction factor k’ may be 
determined by using first the Neuber 
diagram, and then applying Eq. 1 to 
the value® of &,. By trial and error, 
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concentrations. These values for this 
ideal endurance limit were, as might be 
expected, nearly independent of the size 
of the specimen. 

Table III shows the plan of carrying 
out the operations listed in the preceding 
paragraph. The values of p’ and pp are 


the values found, by trial and error, to— 


give values of endurance limit for “flaw- 


less” specimens independent of size of 
specimen. These values are given in 
items 9, 18, 27, and 36 of Table ITI. 


K,=|20 kK, =|20 =|20 120 

£17 4 — 
a 
f 
E SAE SAE SAE — - SAE 
1020 1035 1035 X4130 
Stee, — Steel, —— Steel, Steel, — 
os rolled as rolled annealed heat-treated 


—— K' Determined by trial and error from test results of all sizes of specimen 
——— K'Computed from test results for j-inch specimens 
° K' Obtained directly from fatigue test results 


Fic. 11.—Values of Strength-Reduction Factor. 


values of p’ and pp were found for each 
of the metals tested which gave strength- 
reduction factor k’ which when multi- 
plied by the endurance limits determined 
by test for different sizes of unnotched 
specimen gave a set of values which may 
be thought of as endurance limits for 
specimens of the metal which were free 
from inherent defects and resulting stress 


‘In applying Eq. 1 to determine k’ for the un- 
notched specimens, the radius of the notch is to be taken 
as equal to p,, and the formula becomes 


2 0 
Diameter of Specimen, in. 


This use of the Neuber diagram, modi- 
fied by the Neuber formula, to explain 
size effect in unnotched fatigue specimens 
and machine parts involves speculztive 
thinking, but it is believed to be of 
enough promise to justify serious con- 
sideration and further testing. 


FACTORS COMPUTED BY THE NEUBER 
DIAGRAM AND FORMULA WITH THOSE 


COMPARISON OF 


SHOWN BY FATIGUE TESTS 


In determining the strength-reduction 


factor to apply to the endurance limit of 


| 
147 
| 
| 
|.. | 
0068! .. 
13 | 
ky 
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an unnotched specimen, or machine part, due to “defects” together produce a 
in order to compute the strength of the strength reduction of k’ X ki so that 
specimen, or part, with a given notch it S, X k’ Xk, = S,. From these two 
is not necessary to know the value of pp. equations S, X k’ = S. 

If k’ is the strength-reduction factor from In determining values of p’ and pp 
endurance limit S, obtained by test for which would fit test results, it is then 
unnotched specimen to S,, the endurance convenient to first determine p’ from tests 


TABLE IV.—ENDURANCE LIMITS FOR NOTCHED SPECIMENS, COMPUTED gy THE NEUBER 
DIAGRAM (F IG. 5), MODIFIED BY THE NE UBER FORMULA (EQ. 


Diameter of Specimen, in. . | 1 1%, 1% | | 3 | 1% 


S. A. E. 1020 Sreet, AS Rossy D A.E. 1035 Stext, ANNEALED. 


Item | 
1 Radius of Notch (p), in. | 0.01 | 0.02 | 0.04 | 0.08 | .. : 0.01 
2 “Theoretical” Stress 
concentration Factor 
from Neuber Diagram | 2.00 | 2.00 | 2.00 | 2.00 Z 2.00 
Equivalent Radius (p’) 
“Structural Unit”’ 
of Metal, in., assumed 
to be.. 6.019, 0.019) 0.019 


1.38 | 0.98 | 0.69 


p'/p 
Stre sath reduction Fac- 
tor (k’); from Neu- 
ber Diagram, modified } 
by Neuber Formula... | 1. 1.51 | 1.59 | 1.67] . 1.73 11.79 
Endurance Limit for | 
Unnotched Specimen | 
(Se), by test, psi. 3 32 000/28 900/28 200) .. 35 000) 34 000} 31 500 
( ‘omputed Endurance 
Limit for Notched 
Specimen = Se/k’, psi.|24 000)21 200)18 200/16 909) .. 20 200} 19 000) 17 100 
Endurance Limit 
Notched by 
22 000)20 600/17 800)17 200] . 21 000) 18 500} 16 500 


S.A. E. 1035 ‘STEEL, AS ROLLED S.A.E. X4130 STEEL, HEAT-TREATED 


Radius of Notch (p), in..| 0.01 | 0.02 | 0.04 | 0.08 | .. 25 0.01 (0.02 (0.04 10.08 lo.14 


‘*Theoretical”’ Stress | 
concentration Factor 
from Neuber Diagram.| 2.00 | 2.00 | 2.00 | 2.00. .. 12.00 (2.00 (2.00 (|2.00 {2.06 
Equivalent Radius (p’) | | 
or “Structural Unit’’ 
for Metal, assumed | 
to be, in.... 0. 019) 0.019) 0.019) 0.019) .. 0.000680. 0068/0. 00068'0.00068) 
| 1.38 0.98 | 0.69/ 0.49| .. | 0. 0.260 {0.185 0.131 [0.093 |0.070 |. 
‘reduction Fac- | | 
tor (k’); from Neu- 
ber Diagram, modified 
by Neuber Formula .. (1.42 (1.51 [1.59 [1.67 1.79 (1.84 (1.88 (1.92 |1.94 
Endurance Limit for | \ | | 
Unnotched Specimen | | | 
(Se), by Test, psi......|39 00039 000/35 000,34 400| |34 400, 30 75 69 65 000, 63 600| 63 
Computed Endurance | } | | 
Limit for Notched | | | 
= Se/k, 


| 


| 


.|27 $00.25 200}22 000/20 500 119 800| 31 38 000) 34 600) 33 $2 700) .. 


16 Endurance Limit for | 
Notched Specimen, by | 
000 25 000/22 000)19 300, .. |19 300) 32 38 oon 37 300, 35 800) 34 34 800 


limit for notched specimen, and if k is of unnotched and tests of notched speci- 
the strength-reduction factor from en- mens of different sizes before considering 
durance limit S, of the “flawless” speci- _ size effect in unnotched specimens. 

men to.S, then, S.X ky = S;. It seems Neuber (3), by the use of empirical 
reasonable to assume-that the strength- methods, found for two different steels 4 
reduction factor due to notches and that value of 0.48 mm., or approximately 
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0.019 in. for p’. This value was tried 
out for the steels tested by the authors of 
this paper and was found to give good 
results for steels S.A.E. 1020, as rolled, 
and S.A.E. 1035, as rolled. For S.A.E. 
steel 1035, annealed, and for steel S.A.E. 
X4130 this value did not give good re- 
sults, and by trial a value of 0.0014 in. 
for steel S.A.E. 1035, annealed, and a 
value of 0.00068 in. for S.A.E. X3140 
steel were found satisfactory. 
Table IV shows the steps in checking 
the agreement of computed and experi- 
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Physical Significance and Suggested 
Method of Estimating Values of pp: 


In column 4 of Table V is given the 
value of pp which by trial was found to 
give uniform values of endurance limit 
for all sizes of specimens of each of the 
metals tested. The value of pp then 
may be looked upon as the radius of a 
semi-circular notch which would cause 
as great strength reduction of the metal 
under repeated stress as do the inherent 
“defects” in the metal. The same value 
for pp was found to fit fairly well the test 


TABLE V.—VALUES OF p,,, THE RADIUS OF NOTCH WHOSE WEAKENING EFFECT EQUALS THAT OF THE © 
INHERENT DEFECTS IN STEEL AND OF p’ IN THE NEUBER FORMULA k’ = 1 +( 


| Pp in in. 

| Found by trial and 
error to give results 

agreeing approxi- 

mately with fatigue 

| test results for all 

| sizes of specimens 

tested 


Steel 


Found by trialand | 
error to give results | 
agreeing approxi- | 
mately with fatigue | ______ 
test results for all 
sizes of specimens 


’ in in. | p’, in., Determined from Results 
of Fatigue Tests on Specimens with 
Diameters (in in.) 


ye 1 1% or 


tested 


3 4 5 6 7 & 


S.A.E. 1020, as rolled 0 
S.A.E. 1035, as rolled.... ......! 0. 
S.A.E. 1035, annealed........... | 0. 
S.A.E. X4130, heat treated 0 


2 

-006 0.0190 0.0067 | 0.0089 | 0.0150 | 0.0190 | 0.0140 
006 0.0190 0.0160 | 0.0120 | 0.0193 | 0.0064 | 0.0111 
006 0.0014 0.0025 | 0.00072) 0.00038) ... 
-006 0.00068 0.00034) 0.00049} 0.00194] 0.0050 | 0.0059 


@ Sample Calculation for p’: Take the 4-in. specimen of S.A.E. 1035 steel as rolled. Then from item 9 in Table IV, 


p = 0.04 in. 


In the Neuber diagram (Fig. 5) @ = 0.25 in. and¢ = p = 0.04 in. 


Then from the Neuber diagram, ke: 


the theoretical stress concentration factor is found to be 2.00. From items 14 and 16 in Table IV the actual strength- 


35 000 


reduction factor is 22 000 


mental values of endurance limit of 
notched specimens. Comparison of 
values in items 7 and 8, 15 and 16, 23 
and 24, and 31 and 32 shows the agree- 
ment found. Figure 11 shows graphi- 
cally the agreement found between com- 
puted and test values of k’ for notched 
bars. 

By trial and error a value of 0.006 in. 
for pp was found to give satisfactory 
results in determining for all the steels 
tested the strength-reduction factor pre- 
sumed to be present in unnotched speci- 


mens, due to inherent defects in the 


steels tested. 


2 
= 1.59. Then using Eq. 2, p’ = p (i) = 0.04 (i 


— 1.59\2 
— 1,00 


wv 


results for all the steels tested. This 


value, 0.006 in., would be about the 
width of a fine scratch on the surface of 
the steel. This does not mean that the 


inherent defects in steel are fine surface — 


scratches, it means the reduction of 
endurance limit of unnotched specimens 
as their size increases may be explained 
if we assume that there exist in com- 
mercial sound steel inherent defects 
(probably microscopic) which reduce the 
fatigue strength of the steel about as 
much as would a rather fine surface 
scratch. Furthermore this assumption 


is in harmony with test results (, 7), 


which indicate that any polish finer than 
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an ordinary good shop polish (say with 
00 or 000 Emery cloth) will not add much 
to the facigue strength of a test specimen 
or of a machine part. 


The Application of the Neuber Diagram 
and Formula to Size Effect on Fatigue 
Strength of Steel Paris up to 2 in. 
Thick: 


At the beginning of this section it 
seems well to emphasize again the limita- 
tions of any conclusions which may be 
drawn from the data and results herein 
presented. The tests made include no 
tests on specimens more than 1} in. in 
diameter, and, although the diameter- 
endurance limit diagrams (Fig. 7) “flat- 
ten out” at about ? in. in diameter, it 
does not seem safe to assume that speci- 
mens larger in diameter (or thickness) 
will withstand as high repeated stresses 
as the extrapolated diagram would 
indicate. This is discussed more fully 
in the next section. _ 


The Neuber diagram concerns itself 
with the geometry of the shape of the 
specimen, and assumes, as do all formu- 
las and diagrams based on the theory of 
elasticity, that the material is homogene- 
ous and isotropic, and that Hooke’s law 


holds. From that diagram is obtained a 
stress-concentration factor. Now for 
actual metals the strength-reduction 
factor corresponding to a notch is some- 
what less than this stress-concentration 
factor. This is due in part to the fact 
that at regions of high stress concentra- 
tion some inelastic yielding occurs and 
there is some adjustment of stress with a 
cutting down of high “peaks” of stress. 
This difference between stress-concen- 
tration factor and strength-reduction 
factor may also be due to the fact that 
at the root of a notch there exists a state 
of tri-axial stress and that the measure of 
structural damage may not be stress but 
distortion energy or, possibly, for brittle 
materials, strain (2). The Neuber 


formula (Eq. 1) modifies the stress 
concentration factor given by the Neu- 
ber diagram so that the use of both 
diagram and formula determines a true 
strength-reduction factor for the metal 
under consideration. 

The dimension p’ in the Neuber for- 


- was not obtained 


by direct measurement, but was de- 
termined by trial to be of such magnitude 
for a metal that its use in the Neuber 
formula gave for that metal fairly good 
agreement between the strength-reduc- 
tion factor determined from the Neuber 
diagram modified by the Neuber formula 
and the strength-reduction factor de- 
termined directly by fatigue tests of 
notched and unnotcned specimens of 
various sizes. That is, while the value 
of p’ could not be directly measured, by 
trial and error a value was found for each 
steel tested which gave satisfactory 
results. 

Table V gives values of pp and 9’ 
determined by trial and error from test 
results of all sizes of specimens tested 
(columns 2 and 3). A glance at Figs. 1 
and 2 suggests that the steels with large 
grain size have lower values of p’ than 
those with small grain size.® Steels 
S.A.E. 1020, as rolled, and S.A.E. 1035, 
as rolled, show large sharp-pointed 
grains, suggesting that the rolling process 
may have broken up grains, possibly 
the original austenite grains. ‘The struc- 
ture of the S.A.E. 1035 annealed steel is 
a banded structure, and that of the heat- 
treated S.A.E. X4130 steel is fine-grained 
and uniform. The test data available 
do not seem to justify any attempt to 
determine a quantitative correlation be- 
tween the value of p’ and grain size. 

By trial and error the value of 0.006 


6 In the case of the S.A.E. 1035 steel, annealed, (see 
Fig. 2) the grain structure is coarse in the ferrite 
but the metal outside the ferrite bands, including the sut- 
face layers, has a fine-grained structure. 
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Neu. for all sizes of all the steels tested gave specimens, Sn the endurance limit for 
both satisfactory results in determining the notched specimens, k’ the strength-re- 
tres size effect on the endurance limit of un- duction factor, k, the “theoretical” 
netal notched bars. This determination is stress-concentration factor obtained from 

discussed in a subsequent section. It is the Neuber diagram, and p the radius in 
til suggested that in predicting size effect inches of the notch in the notched speci- 
. in steel bars not greater than 2 in. in mens. Then k’ = S./S, and the Neuber 


TABLE VI.—VALUES OF 2’, THE STRENGTH-REDUCTION FACTOR FROM UNNOTCHED TO 
NOTCHED SPECIMENS. 
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it to proved to be a tedious process, as well as 
_ be- one involving a large number of fatigue 

tests. From a series of fatigue tests of a ‘aa 
.006 unnotched specimens of a given size and 
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These results are shown in Table V, 
columns 4 to 8 inclusive. In this table 
are also given the values of p’ found by 
trial and error from a study of all fatigue 
test results for all sizes of each steel 
tested. The variation in values of p’ is 
large. However, in the course of study 
of test results it became evident that a 
considerable variation in the value of p’ 
caused a relatively slight variation in the 
value of k’, the  strength-reduction 
factor.’ 

Table VI shows values of k’ determined 
both by the general trial and error 
method (column 3) and by values based 
on fatigue test results for different sizes 
of specimen (columns 4, 5, 6, 7, and 8). 
The deviation in per cent from the 
corresponding value of k’ found directly 
from fatigue tests is alsoshown. Except 
from the values of k’ determined from the 
tests of 1-in. and of 1? and 1{-in. speci- 
mens, the deviations of value of k’ from 
that given directly by fatigue tests of 
unnotched and notched specimens are 
not prohibitively large. The values of 
k’ computed from the fatigue test results 
for }-in. specimens seemed the most 
satisfactory, in fact about as satisfactory 
as the values determined from the study 
of all test results (compare values in 
column 3 with those in column 5). 

It is believed, then, that while no direct 
method has been found for determining 
the value of p’ in the Neuber formula, 
that value may be determined with a 
fair degree of accuracy for steel bars not 
larger than 2 in. in diameter by fatigue 
tests of notched and of unnotched speci- 
mens. It seems also that tests of }-in. 
specimens may be expected to give satis- 
factory results, and this size of specimen 
can be tested in the ordinary rotating- 
beam fatigue testing machine. 

To determine the endurance limits, 


7A similar statement can be made concerning varia- 
tions in value of Pn: 


notched and unnotched, for a given size 
specimen (or round part) from fatigue 
test results on another size specimen, it 
is assumed that size effect in unnotched 
specimens is due to inherent defects, 
probably microscopic, in steel, and that 
the weakening effect of these defects may 
be regarded as equivalent to that of a 
semi-circular notch with radius pp. For 
steel, pp may be taken as 0.006 in. Us- 
ing the Neuber diagram to determine , 
for the unnotched specimen, and using 
the value of p’ previously determined, 
find the strength-reduction factor ky 
from “flawless” unnotched specimen to 
actual unnotched specimen. Then if 
S,. is the endurance limit for the 
“unnotched” specimen, and |S; is the en- 
durance limit for a “‘flawless” specimen 
of the same size, 


= S 


It has been assumed that size effect in 
unnotched specimens is due to inherent 
defects in the steel. If this assumption 
is correct, the endurance limit for “‘flaw- 
less” steel may be expected to be inde- 
pendent of the size of the specimen. 
Items 9, 18, 27, and 36 in Table III show 
little variation in the value of S;, with size 
of specimen. 

Having the value of S;, for a “known” 
specimen (a specimen whose endurance 
limits, notched and unnotched, are 
known), the value of S; for an ““unknown” 
specimen may be taken as equal to that 
of the “known” specimen. Now re- 
garding the “unknown” unnotched 
specimen as having a notch with radius 
of 0.006 in., find the corresponding value 
of k, from the Neuber diagram. Then 
apply the Neuber formula to obtain the 
strength-reduction factor, ku, for the 
“flawless” specimen of the same size as 
the “unknown” specimen. In this par- 
ticular case the Neuber formula be 


comes: 
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V 
In the above formula pp may be taken 
as 0.006 in. for steel and p’ has already 
been determined for the metal from test 
results on the notched and the unnotched 
“known”’ specimens by the use of Eq. 2 
Then endurance limit of the “un- 
known” unnotched specimen is S/R 
Since p’ for the metal is known, the 
strength-reduction factor, k’, from the 
endurance limit of the “unknown” un- 
notched specimen (S,/k‘,) to the endur- 
ance limit of the “unknown” notched 
specimen may be computed by the use of 
the Neuber diagram and the Neuber for- 
mula, and the endurance of the “un- 
known” notched specimen determined. 
A numerical solution of a problem 
illustrating the above procedure is given 
in the Appendix to this paper. 


Size Effect in Specimens Larger than 2 in. 
in Diameter: 


Several warnings have been given in 
this paper against using the methods and 
formulas herein developed for determin- 
ing endurance limits of specimens (or 
bars) more than 2 in. in diameter. The 
reason for this is that some experiments 
(8) have shown endurance limits for 
specimens 6 or 7 in. in diameter much 
lower than would be predicted by the 
Neuber diagram, modified by the Neuber 
formula. In these tests other variables 
besides size were present, so that it is 
not sure that the low values of endurance 
limit were due to size effect alone. 
However, these test results make it un- 
wise to extrapolate values obtained by 
the Neuber analysis to compute size 
effect on specimens with diameters 
greater than 2 in. 

A purely speculative explanation is 
here offered for the falling off of fatigue 
strength for specimens larger than 2 in. 
in diameter. The assumed 


ON EFFECT OF SIZE OF SPECIMEN ON FATIGUE STRENGTH | 


153 


to be represented by radius pp are small 
inherent defects in steel, presumably 
scattered at random throughout a piece. 
There may be occasional macroscopic 
defects in any piece of steel, and if such 
a defect occurs within the critical region 
of a specimen or a part it may lower the 
fatigue strength appreciably. The prob- 
ability of such a macro-defect occurring 
in or near a critical region in the surface 
of the piece would be some function of 
size of piece, probably a function increas- 


F 
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Diameter of Specimen 

Fic. 12.—Schematic Diagram of the Speculative 


Hypothesis that the Probability of the Occur- 
rence of Large Defects may be the Controlling 
Factor in Certain Ranges of Size of Specimen. 


ing more rapidly than the first power of 
the diameter. 

Figure 12 shows this speculative theory 
indiagram. The line -BGCH shows the 
variation of endurance limit as given by 
the Neuber diagram - Neuber formula 
treatment. The line ABCD shows 
(speculatively) the variation of endur- 
ance limit due to the increased prob- 
ability of macro-defects becoming effec- 
tive. From 1 to B the “probability” 
may rule, owing to the fact that for very 
smal] specimens a macro-defect may be 


large enough to change seriously the 
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section modulus of a cross-section some 
distance from the minimum diameter. 
From B to C the Neuber diagram modi- 
fied by the Neuber formula would de- 
termine fatigue failure, while beyond C 
the increasing probability of macro- 
defects coming in critical surface regions 
would control. 

This question of the fatigue strength of 
pieces more than 2 in. in diameter will 
require a testing program far more 
extensive than any size-effect program 
hitherto undertaken, but this is an 
important problem in structural and 
machine design, and it is believed that 
the expense would be justified. 


Size Effect in Other Metals: 


Very little work has been done on size 
effect on the fatigue properties of metals 
other than steel. A few tests on dura- 
luminum (9) show very little size effect 
between 0.175 in. diameter and 0.41 in. 
diameter, a range of size within which 
steel shows a well-marked size effect. 
A few tests of cast iron, made at the 
University of Illinois, show a slight size 
effect from variation from 0.25 in. diame- 
ter to 1 in. diameter. Much further 
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experimentation in the field of cast iron, 
special steels, and non-ferrous metals is 
needed. 
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Station, University of Illinois. 
H. F. Moore and D. Morkovin, ‘Second 
Progress Report on the Effect of Size of 
Specimen on the Fatigue Strength of Three 
Types of Steel,” Proceedings, Am. Soc. 
Testing Mats., Vol. 43, pp. 109-124, 
especially p. 123 (1943). 

(8) O. J. Horger and H. R. Neifert, “Fatigue 

Strength of Machined Forgings 6 to 7 in. in 
Diameter,” Proceedings, Am. Soc. Testing 
Mats., Vol. 39, p. 723 (1939). 
Research Committee on the Fatigue of 
Metals, 1941 Report, Proceedings, Am. Soc. 
Testing Mats, Vol. 41, pp. 133-150, 
especially Fig. 8, p. 144 (1941). 
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On EFFECT OF SIZE OF SPECIMEN ON FatiGur STRENGTH 


APPENDIX 


COMPUTATION OF ENDURANCE LIMITS, OF UNNOTCHED AND OF NOTCHED SPECIMENS OF S.A.E. 
1020 STEEL, 1 IN. IN DIAMETER FROM FATIGUE TEST RESULTS ON SPECIMENS OF THE 
SAME STEEL } IN. IN DIAMETER, NOTCHED AND UNNOTCHED. 


This illustrative computation is taken from data given in Tables III and IV. The value 
determined in this computation for p’, and consequently values determined for S; and for 
various strength-reduction factors, differ somewhat from corresponding values in Tables 
Ill and IV. However, even with the large difference in values of p’ (0.019 in. in Table IV, 
0.0089 in. in this computation) the end results, the endurance limit for a 1-in. specimen un- 
notched and for a 1-in. specimen notched ‘check fairly well with values determined by 
fatigue tests,—in fact they check about as well as do the computed values in Table IV. 


Endurance Limit for iin. unnotched specimen, by test. 


k’, Strength-reduction factor from unnotched to notched }-in. specimen. 1.6 
k,, “Theoretical” stress concentration factor, from Neuber diagram; 
(a = 0.125 in.; p = 0.02; = p).. tr 2.00 
p’ for the metal from Eq. 2, (p = 0.02; ki = 2. 00; 0.0089 in. 


Regarding unnotched }-in. specimen with inherent “defects” as equiva- ™ : 
lent to a }-in. specimen with a semicircular notch with radius of 0.006 
in., the “theoretical” stress concentration factor, from the Neuber dia- 
gram (a = 0.125 in.; p = 0.006 in.;¢ = p)is........ 


Strength-reduction factor, “‘flawless’’ }-in. specimen to unnotched } 
specimen, by Neuber’s formula (p = 0.006 in.; p’ = 0.0089 in. if igs = 


S;, Endurance limit for “flawless” specimen of S.A.E. 1020 steel. This 
is the same for all sizes and is equal to 1.72 x 32 000...... 


“Theoretical” stress concentration factor for 1-in. specimen, unnotched 
but with “defects”, from Neuber diagram (a = 0.5 in.; p = 0.006 in.; 


Strength-reduction factor from ‘‘flawless” 1-in. specimen to unnotched 
1-in. specimen, by Neuber’s formula (p = 0.006 in.; p’ = 0.0089 in.; 
ky = 


Endurance limit for 1-in. unnotched specimen = 55 000/1.85.......... 29 700 psi. 
“ , by test.. .. 28 200 psi. 
Deviation of computed value = 100 « (29 700 — 28 200) /28 200. +-5.3 per cent 


rheoretical stress concentration factor for 1-in. notched specimen from 
Neuber diagram (a = 0.500; p = 0.08 in.;t = p)................. 2.00 


Strength-reduction factor for 1-in. specimen, notched to unnotched by 


Neuber formula (p = 0.08 in.; k, = 2.00; p’ = 0.0089 in.) . —- 1.75 

Endurance limit for 1- ‘in. specimen, notched = 29 700/1.75............ 17 000 psi. 

Deviation of computed value = 100 (17 000 ~ 17 209) / Aq 200... —1.2 per cent 
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‘heat-treated pieces.” 


Mr. R. E. Petrerson.'—The tests 
described in the paper are of special 
interest, particularly those where bright 
annealing was used. I believe that this 
is the first time that bright annealing 
has been used with a series of diameters 
of specimens. 

The authors state that bright anneal- 
ing disposes of the residual stress vari- 
able. It also disposes of any cold work- 
ing effect due to machining. I have 
been concerned about such a variable 
for some time, and it is an important 
step to have a series of tests with this 
variable not-present. 

In that connection, I want to ask the 
authors if it is possible to make tests of 
bright annealed 2-in. diameter specimens 
without stress concentration. The rea- 
son I am asking is that if you compute 
the 2-in. diameter notched concentration 
factor using the }-in. diameter endurance 
limit value as a basis, you get a factor 
larger than the theoretical. A more 
reasonable factor would be obtained if 
the endurance limit of the bright an- 
nealed 2-in. diameter unnotched speci- 
mens would be lower than the }-in., 
being different in this respect from the 
series of specimens not bright annealed. 

With regard to the defects and their 
explaining the results for unnotched 
pieces, that may be a possibility in the 
It does not seem 
so plausible for the other materials, 
S.A.E. 1020 and 1035 steel, and I be- 
lieve that the results for these materials 
might be explained in a simpler way. 

1Manager, Mechanics Div., Westinghouse Research 
Labs., Westinghouse Electric and Manufacturing Co., 
East Pittsburgh, Pa. 

2 E. S. Davenport, E. L. Roff, and E. C. Bain ‘‘Micro- 


scopic Cracks in Hardened Steel,’’ Transactions, Am. Soc. 
Metals, Vol. 22, p. 289 (1934). 


DISCUSSION 


Neuber’s analysis for notched pieces oO 
is equivalent to assuming (in the accom- st 
panying Fig. 1) that failure occurs 
when the endurance limit is reached at n 
a distance p’ beneath the surface. We ir 
can make the same assumption for un- W 
notched specimens in bending, using the 
axial test value of endurance limit as a 
basis, resulting in the following formula: 

Si = = 
where: 
S,’ = endurance limit of bending spec- 
imen, 

S, = endurance limit of direct stress 

specimen, 

p’ = Neuber distance beneath sur- 

face, and 
d = diameter of specimen. 

This is a hyperbolic relation and re- 
sults in an increase of endurance limit 
of small diameter specimens as shown in 
the paper. A value of p’ = 0,009 in. 
appears to fit the data for S.A.E. 1020 
and 1035 steel fairly well. For the 
previously published data by Moore and 
Jordan® on S.A.E. 1020 steel a value of 
p’ = 0,004 in. seems to fit quite well. 

For S.A.E. 1020 steel, it is of interest J 
to point out the large difference in per- ‘ 
centage increase in endurance limit 
for small unnotched specimens as shown u 
in the accompanying Fig. 2, lot A show- . 
ing only about one fourth the percentage S 
increase of lot B. Looking over the ™ 
published data on these two lots does = 

3H. F. Moore and R. L. Jordan, “Stress Concentration ex 
in Steel Shafts with Semi-Circular Notches,”’ Proceedings, 

Fifth International Congress for Applied Mechanics, p. cr 


188, John Wiley & Sons, Inc., New York, N. Y. (1939). 
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not seem to provide a reason for the 
difference, and I should like to ask the 
authors if they have any ideas along this 
line. It would appear to be a_ basic 
point which needs to be clarified; other- 
wise attempts to tie in with grain size 
or other structural dimensions cannot, 
seemingly, be entirely satisfactory. 
Qne other point—very small un- 
notched specimens do not continue to 
increase in endurance limit; in other 
words, a 4-in. diameter specimen may 


Fig. 1.—Gradient Effect in Notched and 
Unnotched Pieces. 


show the same endurance limit as a }-in. 
diameter specimen. I have thought 
that the actual number of grains in the 
piece may be introducing an effect. 
We expect, of course, greatly reduced 
values for single crystals and specimens 
consisting of several grains, but some 
tests by Ziegler show that we might 
expect reduced values even when the 
cross section consists of, say, a hundred 

‘N. Ziegler, “Large Iron Crystals, Their Production 


and Some of Their Properties,” Transactions, Am. Inst. 
Mining and Met. Engrs., Vol. 90, p. 209 (1930). 
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grains. I would appreciate the authors’ 
views on the effect mentioned. 

In conclusion, I consider this an ex- 
tremely interesting report and hope we 
can have more like it. It certainly is 
very appropriate as an A.S.T.M. Re- 
search Committee activity since if we 
get a variety of endurance limits from 
conventional unnotched- specimens, de- 
pending on size, it means that we need 
plenty of light when comparing data and 
when considering standardization. — ws 
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Fig. 2.—Fatigue Tests of Unnotched Specimens, 


SAE 1029. 


Mr. H. F. Moore.’—I am very glad 
that Mr. Peterson added another prom- 
ising method of approach. Couldn’t 
it be made to work for S.A.E. 4130? 

Mr. Peterson.—No, but I believe 
your defect theory may have some ap- 
plication for S.A.E. 4130, a heat-treated 
material which may show microscopic 
“defects” in the martensite. I do not 
believe it is necessary that the same 


5 Research Professor of Engineering Materials, Emeri- 
tus, University of Illinois, Urbana, II. 
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theory fit different materials if it should 
turn out that failure is influenced by 
special factors in some cases. On the 
other hand, I am not suggesting that the 
problem can be answered completely at 
this time; what we need most of all is 
more work and data of the kind provided 
by the A.S.T.M. Research Committee. 

Mr. Moore (author’s closure, by let- 
ter).—Mr. Peterson’s proposed explana- 
tion of size effect, based on the assump- 
tion that the “true” endurance limit 
stress is reached at some distance below 
the surface is well worth further study. 
In his discussion he uses the symbol 
p’ for that distance, but, to distinguish 
it from the p’ constant in the Neuber 
formula, that distance below the surface 
will be designated by / in this closure. 
Then the formula suggested by Mr. 

e 
(1 — 2h/d) 

This equation proposed by Mr. Peter- 
son, if it can be applied to notched 
specimens as well as unnotched speci- 
mens, requires but one constant / to be 
determined rather than the two con- 
stants p’ and p, required in the method 
outlined in the Third Progress Report 
on Size Effect. Moreover the physical 
concept of h, a depth below the surface, 
and the starting of a crack there while 
the stress at the surface was still higher 
than the stress where the crack formed, 
on account of crystalline weakness, or 
other source of weakness, at that depth, 

this concept is, I believe, easier to 
grasp than the concepts of p’ and p, 
in the method outlined in the Third 
Progress Report on Size Effect. 

It is to be hoped that before the 1945 
Annual Meeting of this Society the 
method proposed by Mr. Peterson may 
be tried out to see whether it can be 
made to fit available test results as well 
as does the application of the Neuber 
analysis made in the Third Progress 
Report on Size Effect. 


Peterson becomes .S, 


In regard to Mr. Peterson’s question 
about tests of 2-in. specimens of bright- 
annealed S.A.E. 1035 steel, I regret to 
state that owing to the shortage of help 
in the Talbot Laboratory it has not been 
possible as yet to machine 2-in. speci- 
mens and make the necessary tests. 

Mr. Peterson asks for an explanation 
of the variation in size effect for S.A.E. 
1020 steel shown by a comparison of the 
Moore-Jordan 1939 fatigue test results 
and the Moore-Morkovin 1943 results. 
The 1939 test specimens of S.A.E. 1020 
steel were stress relieved at 450 F. for 
periods varying from 3 hr. to 2 hr., de- 
pending on size; the 1943 test specimens 
were tested as rolled. In the case of the 
1943 specimens care was taken to have 
the inner critical fiber of each size of 
specimen at approximately the same 
distance from the axis of the bar from 
which the specimens were cut; this was 
not the case for the 1939 specimens. 
The 1939 specimens of S.A.E. 1020 
steel showed a higher ratio of yield 
strength to tensile strength than did 
the 1943 specimens. The statement of 
these comparative data is about all the 
answer I can give to Mr. Peterson’s 
question. 

Mr. Peterson suggests that the in- 
crease of computed endurance limit with 
decrease in diameter of specimen may 
not continue below some critical size, 
and suggests an approach (even if it bea 
remote approach) to single-crystal con- 
ditions as a reason for expecting such a 
reversal of tendency. It does not seem 
unreasonable to assume such an action. 
Apparently, if such an optimum size 
exists it was not reached in the tests 
reported in the Third Progress Report 
on Size Effect, and this suggests that 
not only are tests of still larger speci- 
mens desirable, but that tests of still 
smaller specimens might also be well 
worth while. 
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REPORT OF JOINT RESEARCH COMMITTEE 


ON 


EFFECT OF TEMPERATURE ON THE PROPERTIES OF METALS 


PROGRESS REPORT TO THE SPONSOR SOCIETIES 


During the past year, the Joint Re- 
search Committee on Effect of Tempera- 
ture on the Properties of Metals, under 
the sponsorship of The American Society 
of Mechanical Engineers and the Ameri- 
can Society for Testing Materials, held 
one meeting on December 2, 1943, in 
New York, N. Y. A second meeting 
will be held in June, 1944, in New York, 
N. Y., prior to the presentation of this 
report at the Annual Meeting of the 
A.S.T.M. Several meetings of project 
committees have been held during the 
year. 

In addition, the committee sponsored a 
Session on Graphitization of Steel Piping 
during the Annual Meeting of The 
American Society of Mechanical Engi- 
neers in New York, N. Y., on December 


2, 1943, comprising the following papers: 


“Graphitization Caused by Testing Condi- 
tions on Carbon-Molybdenum Tubular Creep- 
Test Specimens,” by H. J. Kerr and F. Eberle, 

“Carbide Instability of Carbon-Molybdenum 
Steel Piping,” by R. W. Emerson, 

“A Possible Means of Avoiding Local 
Graphitization of Steels in Service at Elevated 
Temperatures,” by G. V. Smith and R.F. 
Miller, and 

“Report on High-Temperature Pipe Weld 
Investigation,” by Herman Weisberg. 


The four papers and the discussion 
have been published by the A.S.M.E. 
in a special compilation, dated April, 
1944, under the title “Graphitization of 
Steel Piping.” 


Finances: —— 


There appears in Table I a summary of 


the administration of committee funds 
during the period from June 1, 1943, to 
June 26, 1944. 


Organization and Membership: 


No changes in organization or member- 
ship have taken place during the year. 


Research Projects: 


Project No. 18 on Effect of Variables 
on the High-Temperature Properties of 
Metals (H. W. Gillett, chairman).— 
During the year, the completed work 
that had not as yet been reported has 
been studied and arranged into a Third 
Progress Report, which appears in Ap- 
pendix I. 

Project No. 25 on Comparison of Short- 
Time Test Methods (J. S. Worth, chair- 
man).—This study has now been com- 
pleted, and the final report appears in 
Appendix IT. 

Project No. 29 on Stability of Steels as 
A ffected by Temperature (J. J. Kanter, 
chairman).—This project was appointed 
at the June, 1943, meeting to consider 
problems arising from the instability of 
structure in steels for high-temperature 
services. A welded joint failure occur- 
ring at the Springdale Station of the 
West Penn Power Co. in January, 1943, 
led to the establishment of this project. 
The subject of particular, immediate 
concern is the graphitization of carbon 
and carbon-molybdenum steel used in 
high-temperature, high-pressure piping 
systems. 

The membership of Project No. 29 is 
as follows: 
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J. J. Kanter (chairman), Don McCutcheon, 
J. W. Bolton, R. F. Miller, 
Sabin Crocker, N. L. Mochel, 

R. W. Emerson, E. L. Robinson, 
A. J. Herzig, S. H. Weaver, 

S. L. Hoyt, J. S. Worth, and 
H. J. Kerr, A. E. White. 


A meeting of Project No. 29 was held 
on October 21, 1943, in Chicago, III, at 
the Metal Congress attended by repre- 
sentatives of the joint project on in- 
vestigation of the piping aspect of the 
graphitization problem sponsored by the 
Edison Electric Institute and the Asso- 
ciation of Edison Illuminating Com- 
panies. A broad range program estab- 
lished by E.E.1.-A.E.LC. to determine 
practical controls on the graphitization 


grain size of 1 to 5, appears. to re- 
sist graphitization to a greater degree 
than aluminum-killed steel having a 
finer grained ferrite. Studies to clarify 
the effect of stress upon the pearlite- 
spheroidite-graphite history of steel sub- 
jected to exposure at subcritical tem- 
peratures were recommended. 

At the December, 1943, meeting of the 
joint committee, a progress report based 
on the October meeting was presented. 
A resolution appropriating funds for 
initiating some investigation along the 
lines recommended on the graphitization 
problem was passed, contingent upon 
the location of institutional facilities 
which might be engaged. A canvass has 


TABLE I.—SUMMARY OF RECEIPTS AND EXPENDITURES OF COMMITTEE FUNDS. 


Balance as of May 31, 1943, shown in 1943 $9957.18 
RECEIPTS 
1943 
September Interest on funds (10/1/42 to 9/30/43)... 35.79 
$9992.97 
EXPENDITURES 
1943 
University cf Michigan (Project No. $500.00 
194 
January National Process Co. (Printing Piping Papers)... ......-...-.-. 140.01 
April Flowers Photo. Engraving Co. (Engraving Piping Publication). . 300.00 
June Battelle Memorial Institute (Project 18).............-.-2++.... 398.38 


effects was reviewed. It was suggested 
that the joint committee might be very 
helpful in the broad range program by 
establishing physical properties, speci- 
fications, and working stresses around the 
materials and practices which result 
from the E.E.1.-A.E.LC. researches 
sponsored at Battelle Memorial! Institute. 

At this meeting, the many evidences 
produced to justify the conclusion that 
graphitization occurs in hypo-eutectoid 
steels at superheated steam service 
temperatures were reviewed. Project 
No. 29 resolved to accept, as having been 
adequately demonstrated, that a constit- 
uent, essentially graphite, develops. 
It was also observed at this meeting 


that normal steel, having McQuaid-Ehn 


failed to locate, under present stringent 
conditions, any available suitable loca- 
tion where the work might be carried out. 
Suggestions that work be done co- 
operatively for the joint committee by 
interested private laboratories was over- 
ruled on the grounds that such facilities 
were too far taxed under war conditions 
for such an undertaking. 


Respectfully submitted on behalf of 

the Joint Research Committee, 
N. L. MocueEL, 
Chairman. 

H. J. Kerr, 

Vice-Chairman. 
J. W. Botton, 

Secretary. 
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APPENDIX I 


STUDY OF EFFECTS OF VARIABLES ON THE CREEP RESISTANCE OF 
STEELS 


(Project No. 18) 
PREPARED BY H. C. Cross AND W. SIMMONS 


THIRD REPORT COVERING A SPONSORED RESEARCH PROJECT CARRIED OUT AT 
Battery 


SYNOPSIS 


This progress report shows results of creep tests at 850F. on a silicon- 
killed steel, a silicon-aluminum-killed steel, and an aluminum-killed non- 
aging steel, a rimmed carbon-molybdenum steel, and on plain carbon and 
| casbon-tackebdewam weld metal. A test was also made ona silicon-killed 
- plain carbon steel obtained from England and for which relatively poor 
creep resistance had been shown. 
All materials except the weld metal were heat treated to produce fine- 
and coarse-grain structures for comparison of their relative creep resistance 
and to determine the effect of different deoxidation practices. 

A 0.14 per cent carbon silicon-killed steel was relatively insensitive as 
regards creep resistance to different heat treatments and cooling rates 
producing various austenite and ferrite grain sizes, but a 0.17 per cent 
carbon silicon-aluminum-killed steel showed much better creep resistance 
| when coarsened and air cooled, with faster creep rates resulting from slower 


whan 


cooling from the coarsening temperature. For both steels, a heat treat- 
ment producing refinement of the austenite grain size tended to obliterate 
the effects of a previous coarsening treatment. 


Air cooling after coarsening did not produce good creep resistance in an 


aluminum-killed nonaging steel, but the faster water quenching produced 
a very low rate of creep. 


The addition of molybdenum to rimmed steel improves creep — 


_ as when added to killed steels. Little further improvement resulted from 


coarsening 
Experiments indicated that the British steel E was improved by coarsen- 
ing, but not so much as expected, possibly because of its low silicon 
content. 
Plain carbon and carbon-molybdenum weld metal was indicated equal 


or better in creep resistance to wrought steel of the same composition 
heat treated to optimum creep resistance. 
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Two previous reports have been pre- 
sented to the sponsor societies on this 
subject.' It was shown that different 
heat treatments which produced various 
austenite and ferrite grain sizes, also 
resulted in marked effects on the creep 
resistance at 750 to 950 F. of pure iron 
and carbon steels up to about 0.60 per 
cent carbon. Heat treatment producing 
coarsening of these materials improved 
their creep resistance generally as com- 
pared with the materials in the fine- 
grain condition. 

Steels melted using various deoxida- 
tion practices were tested. Silicon-killed 
steel shows consistently better creep 
resistance than rimmed steel as heat 
treated to produce both fine- and coarse- 
grain material. In S.A.E. 1015 steels, 
silicon-killed steels were superior to 
silicon-aluminum- and aluminum-killed 
steels either fine grain or slow cooled 
from the coarsening temperature used, 
while steels air cooled from the coarsen- 
ing temperature showed similar creep 
resistance. All steels showed improve- 
ment in creep resistance when air cooled 
from temperatures producing coarse- 
grain material as compared with steels 
air cooled from temperatures to produce 
fine-grain material with the greatest 
improvement resulting in the aluminum- 
treated steels which, in the fine-grain 
condition, were considerably poorer than 
the silicon-killed steels. 

The task of Project No. 18 is to 
attempt to unearth the cause of varia- 
tions in creep behavior, so that by 
understanding of and application of the 
correct principles, creep behavior may 
be predictable and controlled. 

On the basis of the work previously 


1H. C. Cross and J. G. Lowther, ‘First Progress 
Report on Study of Effects of Manufacturing Variables 
on the Creep Resistance of Steels,’’ Proceedings, Am. Soc. 
Testing Mats., Vol. 38, Part I, p. 149 (1938). 

2H. C. Cross and J. G. Lowther, ‘“‘Second Progress 
Report on Study of Effects of Variables on the Creep 
Resistance of Steels,’’ Proceedings, Am. Soc. Testing 
Mats., Vol. 40, p. 125 (1940). oe 


reported, the hypothesis was advanced 
that it was the absence or presence of 
inclusions of various types and composi- 
tions whose size, mode, and degree of 
dispersion changed with the various heat 
treatments which produced such large 
differences in creep resistance of the 
various irons and steels tested. 

The present great strides being made 
in the development of alloys for service 
at temperatures of 1200 to 1600 F., 
which have been shown to be largely of 
the precipitation-hardening type, lend 
additional credence to the belief that a 
similar type of effect can take place in 
plain carbon and low-alloy steels. It 
is easily possible that submicroscopic 
nonmetallic particles, as well as car- 
bides, might have a slip-interference 
effect producing creep resistance.  Sili- 
con-killed steel which has good creep 
resistance may contain such material, 
while a rimmed steel with its freedom 
from silicon and aluminum in any appre- 
ciable amount may not have present 
sufficient material of a submicroscopic, 
slip-preventing nature, which lack would 
account for its poor creep resistance. 

Obviously, different types of soluble 
nonmetallic material will have different 
solubilities, different temperatures and 
times of saturation of the solvent, and 
different rates and modes of precipita- 
tion on cooling. It follows that for the 
various steels there may be critical 
cooling rates. It might turn out that 
an attempt to produce good creep 
behavior by coarsening (solubility treat- 
ment) and air cooling (precipitation 
treatment) would fail in the case of some 
steels. It might also fail in larger 
sections of steels in which good creep 
resistance was produced in smaller 
sections. 

The observed phenomena fit in quite 
well with the hypothesis except in the 
case of the British acid open-hearth 
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steel E,? with 0.19 per cent carbon, nel and testing equipment have been 
0.40 manganese, 0.08 silicon, 0.04 sulfur, diverted to direct war effort. 
2 0.051 phosphorus, with no aluminum To study solubility effects and critical 
added, which showed poor creep re-_ rates of cooling, some tests have been 
t sistance as normalized from 1740 F. It made on two S.A.E. 1015 steels formerly 
P would appear that this steel should act studied and on an aluminum-killed 
like the usual silicon-killed steel. A  nonaging steel. One of the S.A.E. 1015 
sample of this steel is available for study. steels was silicon-killed and the other 
e 
e TABLE I.—CHEMICAL COMPOSITION OF THE STEELS TESTED. q 
Chemical Composition, per cent 
yf Steel Identification and Deoxidation 
d Practice Carbon | Man- Silicon | Sulfu | Phos- | Molyb- |Aluminum 
| | ganese . J phorus denum | Addition 
a - | ——— |] 
5247, silicon-killed. .. 0.14 0.48 0.184 0.03 | 0.014 
in 5280, silicon-aluminum killed ee eS 0.48 0.16° 0.03 0.020 aa b 
It 35561, aluminum-killed, nonaging 0.08 0.36 0.006 0.025 aaa e 
7666, carbon-molybdenum rimmed core.. 0.06 0.33 0.017 se oe 0.584 
ic 7666, carbon-molybdenum rimmed skin... . 0.06 0.32 0.007 | 0.574 
r- GBE, silicon-killed ee | 0.40 | 0.08 
ce 0.12 | 0.52 0.23 0.48 
ALUMINUM, ALUMINA, AND Gas ContENTS 
a 
: | Residual | Total | 
om Carbon| Silicon | Alumi- | AlO; | Alumi- Oz He Ne 
num num | 
ant Rimmed Steel (RI) 0.06 nil 0.018 | 0.00016 | 0.006— 
- British Steel “E’’..... 0.19 0.08 0.001 0.002 0.009 | 0.00014 0.002 
VIC, Silicon-killed steel 5247. 0.14 0.18 0.001 0.002 0.008 | 0.00009 | 0.007 | 
Silicon-aluminum killed steel 3194 (1 Ib. Al 
uld per ton) 0.15 | 0.16 | 0,001 | 0.002 & 
Aluminum-killed steel 5229 (2 Ib. Al per 
ton) | 0.15 | 0.02 0.014 | 0.010 | a 
ble \luminum-killed nonaging steel 35,561 (2.8 | — 
lb. Al per ton) ..| 0.08 | 0.006 | 0.025 | 0.005 | 0.033¢ 
and Note: The above values for aluminum, and alumina were determined by The National Tube Co. methods 


briefly summarized below. The gas contents were determined at Battelle by the vacuum fusion method. 
and Determination of Soluble Aluminum: 


The analysis is made in 5 steps, involving (1) solution of the sample in dilute H2SOu, (2) a separation with SO2 and 


ita- ammonia at pH 4.5 to remove the bulk of the iron, (3) a separation by electrolysis over a mercury cathode to remove the 

balance of the iron, (4) precipitation of the aluminum with 8-hydroxyquinoline, and (5) titration of the aluminum hy- 
the droxyquinolate with standard potassium bromate and sodium thiosulphate solutions. 
Determination of Alumina (Al203): 
‘ical The analysis consists of solution of a 50-g. sample in dilute H2SO4. The insoluble residue containing the AlsOs 

is filtered, ignited, silica removed, and fused in pyrosulfate. The Al and Fe are precipitated with ammonia, fumed 
that with HNOs — HeSOs,, and the procedure completed from step (3) above. 

“10 Ib. of 50 per cent ferrosilicon added per ton as ladle addition. ’ - 

reep » Heat finished with 0.16 per cent silicon plus 2 Ib. per ton of aluminum to produce fine grain. ; 
eat- ° Heat finished with aluminum addition to ladle of 2.8 lb. per ton. Total aluminum, 0.033 per cent by analysis. 


_ © Carbon-molybdenum rimmed steel made by addition of 60 per cent ferromolybdenum to ingot during teeming of 
tion rimmed steel. 


© Inland Steel Co. determination. 


ome 

irger The work herein reported details was silicon-aluminum killed (2 lb. alu- 
reep further studies of the proposed precipita- minum per ton). The nonaging steel 
aller tion hypothesis. All of the work planned was aluminum-killed (2.8 lb. aluminum 

has not been completed because person- per ton). 

quite Other tests have been made to deter- 
1 the *C. H. M. Jenkins, H. J. Tapsell, G. A. Mellor, and mine the effect of adding molybdenum 
earth A. E. Johnson, “Some Aspects of the Behavior of Carbon 


and N olybdenum Steels at High Temperatures,’’ Trans- toa rimming steel and the response of 


actions, Chem. Eng. Conference of the World P eau 
Vol. 1, pp. 122-162 (1936)... ‘this rimmed carbon-molybdenum steel 


| 
| 
ji 
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to the usual type of coarsening treat- 
ments previously used on the plain car- 
bon steels. It seemed of interest to 
determine whether the addition of 
molybdenum produced an effect on creep 
resistance which would overshadow the 
effects of finishing practice observed in 
plain carbon steels. 


STEELS TESTED 

Table I shows the steels tested, their 
chemical composition, and some details 
of the deoxidation practice used in their 
manufacture. 

The S.A.E. 1015 steels, heats 5247 and 
5280, supplied by the National Tube Co., 
were previously tested and described.* 


Fic. 1. 


The British steel E has been studied 
further in an effort to improve its creep 
resistance by heat treatment. ~ 

Some plain-carbon and carbon-molyb- 
denum weld metal specimens have been 
tested in creep for comparison of their 
properties with wrought steel of the 
same composition. These tests are of 
interest because of the extreme fine 
grain of the weld metal. 


Macroetched Section of Rimmed Carbon-Molybdenum Steel Billet. 
().33 per cent manganese, 0.017 per cent silicon, 0.57 per cent molybdenum. 


0.06 per cent carbon, 


They were melted similarly except for 
the final additions of ferrosilicon for heat 
5247 and ferrosilicon and aluminum for 
heat 5280. 

The aluminum-killed nonaging steel 
heat 35561 was supplied through the 
courtesy of J. H. Nead and the Inland 
Steel Co. as a 4 by 4-in. billet taken from 
ingot No. 10 of the heat. The heat was 
finished with an aluminum addition to 
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the ladle of 2.8 lb. per ton. By analysis, 
total aluminum was indicated to be 
(.033 per cent. This steel was desired 
for comparison with the aluminum-killed 
steel heat 5280 to which was added only 
2 lb. of aluminum per ton. 

The Inland Steel Co. also supplied a 
4 by 4-in. billet from the middle of ingot 
No. 9 of a rimmed heat 7666 to which was 
added in the ladle sufficient 60 per cent 
ferromolybdenum to give a _ molyb- 
denum content of about 0.58 per cent. 
In this low-carbon range very little 
carbon segregation was obtained in the 
ingot, and although as shown in Fig. 1, 
the billet section shows a definite rim 
and core, the carbon contents were 
0.06 per cent at both the rim and core 
locations and the molybdenum contents 
0.57 and 0.58 per cent. 

A sample of British steel E* was. ob- 
tained for study of the effect of heat 
treatment on its creep resistance in an 
effort to explain its reported lack of 
creep resistance and poor response to a 
coarsening treatment. Upon request, 
full details of the melting practice of 
this steel have been made available by 
Jenkins. The steel was made in an 
open-hearth furnace from 57 per cent 
scrap and 43 per cent pig iron. The 
charge weighed 363 tons and was deoxi- 
dized with 4 lb. per ton of ferrosilicon 
and 24 lb. per ton of ferromanganese. 
The charge was considered to be dead 
melted. The slag composition was nor- 
mal. The composition of the metal 
both before preliminary additions to the 
bath and at the time of casting was as 
follows: 


“Pre-add” 


Final Metal, 
Metal 


Before Fouring 


Carbon, per cent...... 0.12 0.16 
Silicon, per cent ...... 0.070 0.110 
Sulfur, per cent. ..... 0.038 0.037 
Phosphorus, per cent 0.043 0.044 
Manganese, percent .. 0.06 0.08 


Note: The metal compositions shown are 
presumed to be before ladle additions. The 


final manganese content of the heat was 0.40 per 
cent and has been checked by analysis of a sam- — 
ple supplied by Jenkins. 


There were no abnormal happenings — 
during manufacture, and the metal was 
not held for any unusual period in melt- 
ing or annealing. 

There appears no reason for the poorer 
creep resistance of this steel other than 
its low silicon content. Certainly noth- 
ing in its melting history provides any 
explanation. 

There have been noted exceptions to 
the general observations that coarse- 
grain carbon steel is better than fine- 
grain steel at the temperature levels of 
normal use. One is in fine-grain C-V 
steel, which has good creep resistance 
in spite of its fine grain. Another is weld 
metal which has been reported to have 
good creep resistance in an extremely 
fine-grain condition. 

Through the courtesy of H. J. Kerr 
and the Babcock & Wilcox Co., samples 
of deposited weld metal were supplied 
for test. One sample tested was weld 
metal deposited from a plain carbon 
steel rod and three other samples were 
weld metal deposited from  carbon- 
molybdenum steel rod. The following 
data were supplied on the preparation 
of the weld metal samples. 


A.S.T.M.- 
Stardard Method 
: Ty Standard Metho 
Electrode Type Flectrode of 
Classifica- 
tion No. 
Weld metal A... Babcock & Wil- E 6030 Auto- 
cox Standard matic 
1467 coating 
Weld metal C... Carbon-molyb- E 7010 Manual 
denum organic 
coating 
Weld metal D... Carbon-molyb- E 7030 + Auto- 
denum organic some matic 
coating organic 
material 
Weld meta! F Babcock & Wil- E 7030 Auto- 
cox carbon- matic 


molybdenum 
1467 coating 


These welds were laid down in a V 
scarf between plates of the same com- 
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position, but the welds were so wide 
that it is considered very little of the 
— material mixed in with the weld 


then 


herein reported, the requirements of the — 
A.S.T.M. Recommended Practice for 
Conducting Long-Time 


© Furnace cooled to 1585 F., 


>. 


ba te “Any 
steel. Silicon-aluminum-killed steel. 
Heated 13 hr. at 1800 F., air cooled. Heated 1 hr. at 2000 F., air cooled. 


Heated 5 min. at 1575 F., air cooled. 


Heated 5 min. at 1730 F., air cooled. 
Austenite grain size Nos. 5 to 7, some No. 4. 


-Austenite grain size Nos. 7 to 8. 


00003 per cent per hour and CChoree oan furnace 
led 40 F. per hour to 1250 F 


., then coole 


$75 F 


3 
» Silicon-aluminum-killed steel. 
Heated 1 hr. at 2000 F., slow cooled to 1585 F., 
=e then cooled 280 F. per hr. to 1200 F., then air 
= cooled. 
“76 Austenite grain size Nos. 2 to 4, some Nos. 1 
and 5. 


t per hour. 
eformation 0. 


Fic. 2.—Structures of Silicon-Killed and Silicon-Aluminum-Killed Steels as Tested in Creep. Etched 
in 2 per cent Nital (X 100). 


7 Ati22hr. 


metal. Before testing, the weld mate- ture Tension Tests of Metallic Materials 
rial was X-rayed and magnafluxed and (E 22 —41)* have been met or exceeded. 
appeared to be suitable for testing. As in the previous work reported, 500- 
hr. creep tests were used to show extreme 
differences in creep propensities, but the 
use of such a short period herein is not 


er hour andt 


= 
ca 
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CREEP Test EQUIPMENT AND 
PROCEDURE 


43 hr., 0.00036 pe 


cent molybdenum. 
‘ 
er cent p 
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rate at 


Throughout the series of creep tests 
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41942 Book of A.S.T.M. Standards, Part I, p. 930. 
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to be construed as an endorsement of 
shortening the period for regular creep 
tests used for determination of design 
loads. 


Heated 2 hr. at 1875 F., air cooled. 
Austenite grain size Nos. 5 to 7, some No. 8. 


Fic. 3. 


GRAIN COARSENING EXPERIMENTS, HEAT 
TREATMENTS USED, AND STRUCTURES 
PRODUCED IN THE VARIOUS STEELS 
FOR CREEP TEST 


In the previous reports, pure irons and 
steels up to 0.58 per cent carbon were 
heat treated to produce fine austenite 
grain size generally ranging from Nos. 
5 to 8 and coarse austenite grain size 


Heated 2 hr. at 2225 F., water quenched; tem- 
pered 1 hr. at 950 F., air cooled. 
Austenite grain size Nos. 2 to 4, some No. 1. 
Structures of Aluminum-Killed Nonaging Steel as Tested in Creep. 
Nital 100). 
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from Nos. 2 to 4 as measured by AS. 
T.M. Tentative Classification of 
Austenite Grain Size in Steels (E 19 - 
39 T.)® This spread in grain size was 


Heated 2 hr. at 2225 F., air cooled. 
Austenite grain size Nos. 2 to 4, some No. 1. 


Pre 


Etched in 2 per cent 


accompanied by significant differences 
in creep resistance of the various steels. 

In the work on the steels herein re- 
ported, grain sizes as fine as Nos. 6 to 
8 were not always obtainable, so a fine 
austenite grain size of Nos. 5 to 7 and 
a coarse austenite grain size of Nos. 2 
to 4 were produced in all steels as nearly 


51942 Book of A.S.T.M. Standards, Part I, p. 1534. 
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as possible. These austenite grain sizes 
are the result of the combination of the 
times and temperatures used in the 
various heat treatments which are shown 
in Table II. Austenite grain sizes were 


Core 


Heated 2 hr. at 1725 F., air cooled. } 
Grain size Nos. 5 to 7. 


Skin 
Heated 2 hr. at 1725 F., air cooled. 
Grain size Nos. } to 7. 


Fic. 4.—Austenite Grain Sizes of Carbon-Molybdenum Rimmed Steel. 0.06 per cent carbon 
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aluminum-killed steels had been previ- 
ously determined,? and the same heat 
treatments were used to produce the 
desired fine and coarse austenite grain 
sizes. 


Core 
Heated 14 hr. at 2025 F., air cooled. 
Grain size Nos. 2 to 4, some Nos. 1 and 5. 


Skin 
Heated 1 hr. at 1975 F., air cooled. 
Grain size Nos. 2 to 4, some No. 1. 


0.58 per cent molybdenum (X 100). 


measured by the heat etching method 
described by Day and Austin.® 

The grain coarsening characteristics 
of the silicon-killed and the silicon- 


°M.J. Day and J.B. Austin, ‘“‘Heat Etching as a Means 
of Revealing Austenite Grain Size,”’ Transactions, Am. 
Soc. Metals, Vol. 28, pp. 354-68 (1940). 


The joint committee requested that 
a determination be made of the effect on 
the creep resistance of refining of the 
austenite grain subsequent to a coarsen- 
ing treatment which had improved the 
creep resistance materially as compared 
with the steel in the fine-grain condition. 
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The silicon-aluminum-killed steel (2 lb. 
aluminum per ton) was chosen for this 
test and for purposes of comparison the 
silicon-killed steel 5247 was also tested. 
Figure 2 shows the structures of these 


Skin 
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The previous report? showed slow 
cooling from the coarsening temperature 
of the silicon-aluminum killed steel 
produced poor creep resistance. Figure 
2 shows the structure of this steel when 


Core Core 
Heated 2 hr. at 1725 F., air cooled. Heated 1} hr. at 2025 F., air cooled. 
Austenite grain size Nos. 5 to 7. Austenite grain size Nos. 2 to 4, some Nos. 1 
and 5. 
Pom 
ts 
t ) j 


Heated 1 hr. at 1975 F., air cooled. 
Austenite grain size Nos. 2 to 4, some No. 1. 


Fic. 5.—Structures of Carbon-Molybdenum Rimmed Steel. 0.06 per cent carbon, 0.58 per cent 


molybdenum as tested in creep. 


two steels after a preliminary coarsening 
treatment followed by a 5-min. heating 
at a temperature producing a fine austen- 
ite grain size, and air-cooling. The 
structure of the two steels is quite 


similar. 
® 


Etched in 2 per cent Nital (X 100). 


cooled at the faster cooling rate of 280 F. 
per hour through the critical range. The 
structure produced by this somewhat 
faster cooling rate was very similar to 
that produced by a cooling rate of 40 F. 
per hour in material previously tested. 
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280 F. 

The 
ewhat 
ilar to 
f 40 F. 
tested. 


The aluminum-killed nonaging steel, 
as a consequence of its higher aluminum 
addition, required heating at a higher 
temperature to produce the desired 
grain sizes as compared with the other 
steels. For an austenite grain size of 
Nos. 5 to 7, some No. 8, heating for 2 
hr. at 1875 F. was required and for a 
grain size of Nos. 2 to 4, some No. 1, 
heating at 2225 F. for 2 hr. was required. 
The structures produced by both heat 
treatments were of the Widmanstitten 
type (Fig. 3). The structure of this 
steel as water quenched from the 
coarsening temperature and tempered 
at 950 F. is also shown in Fig. 3, since 
the creep tests on the normalized fine- 
and coarse-grained material indicated the 
need for such a test. 

The heat treatments required to 
produce the desired grain sizes in the 
rimmed carbon-molybdenum steel are 
shown in Table II. As an example of 
the method of determining the austenite 
grain sizes, Fig. 4 shows heat-etched 
specimens of both fine- and coarse-grain 
core and skin material of this carbon- 
molybdenum rimmed steel. As would 
be expected, a slightly higher tempera- 
ture was required to coarsen the core 
than the skin material. Figure 5 shows 
the structures of this steel as tested in 
creep. The fine-grained skin material 
was not tested in creep. The other 
three materials show a Widmanstitten 
type of structure differing only in the 
different austenite grain sizes from which 
they were derived. It is of interest to 
note these structures since all three show 
practically the same creep resistance. 

No determination of the grain size 
produced by the heat treatments used 
on steel GBE by Jenkins, et al.,* were 
made, but it is likely that heating at 
1740 F. followed by air-cooling produced 
an austenite grain size of about Nos. 
5 to 6 and a fine ferrite grain size. 
Heating at 2010 F. for 6 hr. followed by 
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slow cooling would produce a coarse 
austenite and ferrite grain size. In the 
experiments herein conducted, heating 
at 2000 F. for 13 hr. followed by air- 
cooling produced an austenite grain size 
of Nos. 2 to 4, some No. 1, and a fine 
ferrite grain size. 

Figure 6 shows the structure of this 
steel E in the condition as tested ‘in 
creep after air-cooling from 2000 F. 
The structure is typical of air-cooled 


-coarsened steels and is of the Wid- 


manstatten type. 


. 

Fic. 6.—Structure of British Steel E, 0.19 per 
cent carbon, 0.40 per cent manganese 0.08 
silicon as tested in creep. Etched in 2 per cent 
Nital (X 100). Heated 13 hr. at 2000 F., air 
cooled. 


Figure 7 shows the structures of the 
weld metals A, C, and F as tested in 
creep. All are very fine-grain. The 
structures varied a little from pass to 
pass. Notice in weld metal A patches 
with structure of the Widmanstitten 
type. 

Room temperature tensile and impact 
properties have been determined for 
most of the steels as given the various 
heat treatments and these will be dis- 
cussed later in the report. 


CREEP TESTS _ 


Most of the creep tests were made at 
850 F. to permit comparisons with the 
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previous tests. Several of the carbon- 
molybdenum weld metal test specimens 
were also tested at 950 F. The creep 
test data obtained are shown in Table IT. 


nics 
. Weld Metal A 
‘ 0.12 per cent carbon, 0.66 per cent manganese, 
0.24 per cent silicon. Stress-relieved at 
1180 F. 


denum. 


Figure 8 shows the time-deformation 
curves at 850 F. for the silicon-killed 
steel. As was previously shown, coarsen- 
ing produced only a little improvement 
in creep resistance, which as fine-grain 
was already quite good. Slow cooling 
from the coarsening temperature pro- 
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| Weld Metal F 
} 0.13 per cent carbon, 0.66 per cent manganese, 
0.18 per cent silicon, 0.46 per cent molyb- 
Stress-relieved at 1200 F. 


Fic. 7.—Structure of Weld Metals as Tested in Creep. 


duced no significant change in creep 
resistance. Therefore, it was not unex- 
pected 
tested as 


that specimen 5247-25 when 
first coarsened and 


then 


We: 
wait? 


Weld Metal C 
0.12 per cent carbon, 0.52 per cent manganese, 
0.23 per cent silicon, 0.48 per cent molyb- 
denum. Stress-relieved at 1200 F. 


Etched in 2 per cent Nital (X 100). 


heated for 5 min. at 1575 F. and air 
cooled showed a creep rate intermediate 
between the rates shown by the steel 
as heat treated to produce fine and coarse 
austenite grain size. 

Figure 8 also shows the time-deforma- 
tion curves at 850 F. for the silicon- 


Deformation, per cent 
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aluminum-killed steels. It was previ- 
ously shown that this steel when heat 
treated to produce a fine austenite grain 
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that for a silicon-killed steel similarly 
coarsened and air cooled. Slow cooling 
of this silicon-aluminum-killed steel from. 


)). 


id air 
ediate 
» steel 
coarse 


forma- 
sjlicon- 


5280-9 Silicon-Aluminum | 5280-17 Silicon- Aluminum Killed, 
killed,2/b Aluminum per Ton 2/b. Aluminum per Ton 
2 0}/730 F- Air Cooled, Grain 2000 F-lhr-Air Cooled 
Size Nos.7-8 1730 F -5 min.~ Air Cooled, Grain 
/5,000 psi - 850 F ! Size Nos. 7-8 
361.8 Rate -OO/5 per cent per br 15,000 psi.- 850 F-. 
Frate- 00047 per cent per hr 
3.2 16} = 
5280-21 Silicon-Aluminum killed, 
21/b. Aluminum per Ton 
28 1.4 2000 F.- /hr. Furnace Cooled to 
/585 F- then 280F per hr to 
2.4 1.2 1250 Air Cooled 
Grain 8O per cent Size Nos. 2-4 
Some Nos. O-5 
2.0 10 ~15,000 psi. - 850 F 
-O00/5 per cent per hr. 
1.608 
51.206 5280-1 Silicon-Aluminum Killed, 
= 2/b. Aluminum per Ton 
2000 F -/ hr. Air Cooled 
808 04 Grain 80 per cent Size Nos. 2-4, Some Nos./-5 
15,000 psi. - 850 F. 
Fate -O.00006 per cent per hr | | | 
Ss? 5247-19 Silicon Killed, 
0/575 F-5 Min Air Cooled — 
of Grain Size Nos. 5-7 | | 
/5,000psi.- 850 F. 5247-6 Silicon killed, 
040 Rate - 0000/29 per 1800 F- hr. Air Cooled 
cent per! Grain Size Nos. 2-4 
_ 15,000psi.- 850 F 
0.30 SE dilicon' Kj Rate -0000045 per cent per hr 
Va | /800 F. -lhr - Air Cooled 
0.20 1575 F.- 5 Min-Air Cooled, Grain 
fez Nos. 5-7, 15000 psi- -850 
Rate-000009 per cent per Ar 
0.10 
10,000 psi OOOOO!5S per cent perhr 
. 0 ICO 200 300 400 500 600 700 800 900 1000 1100 
Time, hr. 
‘Fic. 8.—Time-Deformation Curves for Silicon-Killed and Silicon-Aluminum killed Steels. 


size showed very poor creep resistance. 
Coarsening followed by air cooling pro- 
duced good creep resistance similar to — 


the coarsening temperature and through 

the critical range (40 F. per hour from 

1585 F. to 1250 F.) had produced the 
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same rapid creep rate as for fine-grain 
material. Figure 8 also shows the time- 
deformation curve for specimen 5280-21 
which was coarsened and then more 
rapidly cooled at 280 F. per hour through 
the temperature range 1585 to 1250 F. 
This specimen showed a creep rate of 
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for 5 min. and air cooled, the creep rate 
was 0.0047 per cent per hour, which is 
to be compared with the rate for the 
fine-grain steel (0.015 per cent per hour). 
It is indicated for this silicon-aluminum- 
killed steel that the good creep properties 
imparted by coarsening and subsequent 
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Fic. 9.—Time-Deformation Curves for Fine-Grain Nonaging Steel. 
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0.0015 per cent per hour, a lower rate 
of creep than for the material cooled at 
the slower rate of 40 F. per hour, but not 
as low a rate as for specimen 5280-1 air 
cooled from the coarsening temperature. 

When specimen 5280-17 was tested as 
coarsened and then reheated to 1730 F. 


rapid cooling are practically eliminated 
by a short-time recrystallization heat 
treatment which again produced a fine 
austenite grain size. 

Figure 9 shows the time-deformation 
curves at 850F. for the aluminum- 
killed nonaging steel. When heat treated 
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to produce a fine austenite grain size, 
(CS-5) a very rapid rate of creep was 
shown. Surprisingly, while coarsening 
of the austenite grain size followed by 
air cooling did produce a slight improve- 
ment in creep resistance (0.0073 to 
().0010 per cent per hour), the creep rate 
as coarsened and air cooled was still far 
in excess of the creep rates produced in 
the silicon-killed and silicon-aluminum- 
killed steels by similar grain-coarsening 
heat treatments. It seemed plausible 
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aging steel was water quenched from the | 
coarsening temperature and then tem- 
pered at 950F. prior to creep testing 
at 850 F. The creep resistance of the 
steel as coarsened, quenched and tem- 
pered was as good as that obtained with 
any of the other silicon, aluminum, or 
silicon-aluminum-killed steels as air 
cooled. Owing to the high aluminum — 
addition to this steel, a very high tem- 
perature (2225 F.) was required to 
produce coarsening; therefore, a strong 
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because of the high aluminum addition 
resulting in appreciable amounts of both 
metallic aluminum and Al,O3, that air 
cooling was not fast enough to produce 
the particle size and dispersion of the 
nonmetallics postulated necessary to 
produce good creep resistance. A 
critical cooling rate below which signifi- 
cant improvement in creep resistance 
could not be effected has been considered 
as a possibility. To check on this point 
a sample of this aluminum-killed non- 
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Time, hr 
7 Fic. 10.—Time-Deformation Curves for British Steel E. 


700 


tendency for precipitation of grain- 
growth inhibiting material should exist 
and air cooling would not be expected 
to be rapid enough to produce the fine 
dispersed particles thought responsible 
for good creep resistance. Here isa most 
interesting and unusual example of a steel 
as quenched and drawn showing better 
creep resistance than when normalized. 

In Fig. 10 are shown the time-deforma- 
tion curves for the British steel E tested 
by Jenkins, ef _ This steel was out- was out- 
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standing in a series of steels tested by 
them in that it showed poor creep re- 
sistance as compared with the others, 
for no apparent reason. As normalized 
from 1740 F., and tested at 842 F. and 
at 17,900 psi., the creep rate at 480 hr. 
was 0.00108 per cent per hour. This is 
not so rapid a rate as was shown by the 
aluminum-killed steel and the silicon- 
aluminum-killed steels in Fig. 8. How- 
ever, the creep rate for this steel E was 
considerably in excess of what would be 
expected from a_ silicon-killed steel. 
Jenkins had also tested the steel as slow- 
cooled from 2010 F. and as shown in Fig. 
10, practically no change in creep re- 
sistance occurred as a result of this 
treatment. With data available for 
other types of steels on the effect of 
cooling rate on creep resistance, it was 
decided to air cool a bar of this steel E 
from the coarsening temperature. A 
creep test was run at 850 F. and 15,000 
psi., and a rate of deformation of 0.00015 
per cent per hour was shown at 500 hr. 
Judging from the test by Jenkins on the 
slow-cooled material at 17,900 psi., a 
test at 15,000 psi. would show about 
(0004 per cent per hour. Hence, the 
air cooling which produced a creep rate 
of 0.00015 per cent per hour was an 
improvement, but it is definitely in- 
dicated that this steel does not show 
quite so low a creep rate as would be 
expected from either a fine-grain or 
coarse-grain silicon-killed steel. 

Figure 11 shows the time-deformation 
curves for the rimmed carbon-molyb- 
denum steel. This steel was included 
in the work for this project for the 
purpose of determining whether molyb- 
denum would exhibit its usual capacity 
for improving creep resistance even 
when added to a rimmed steel notorious 
for its poor creep properties. The creep 
tests were first run at 850 F. and 15,000 
psi. and later the stress was increased 
to 32,000 psi. so as to permit a direct 


comparison with some other data on 
killed carbon-molybdenum steels.’ At 
the lower stress the creep rates were so 
low that no difference between the core 
and skin materials or the various 
austenite grain sizes could be determined. 
At the higher stress, as with previous 
tests on rimmed steels, the core material 
showed better creep resistance than the 
skin material as air cooled from their 
respective coarsening temperatures. The 
differences in creep rate were not large 
(core 0.00024 and skin 0.00036 per cent 
per hour), but the differences in total 
deformation at the termination of the 
test were very large indeed. For in- 
stance, at 500 hr. the skin material of 
this carbon-molybdenum rimmed steel 
as coarsened showed a rate of 0.00036 
per cent per hour and a total deforma- 
tion of 3.03 per cent, while the core 
material showed a rate of 0.00024 per 
cent per hour and a total deformation of 
about 1.45 per cent. In the fine-grain 
condition only the core material was 
tested and while the total deformation 
at 500 hr. was greater than when tested 
as coarsened (2.475 per cent as com- 
pared with 1.455 per cent), the creep 
rates were not greatly different (0.00031 
fine-grain and 0.00024 per cent per hour 
coarse-grain). Both showed a further 
reduction in creep rate beyond 500 hr., 
and at 964 hr. for the core fine-grain and 
743 hr. for core coarse-grain, the rate 
was 0.00021 per cent per hour. 

These results are most interesting 
when compared with data presented by: 
Miller? on killed carbon-molybdenum 
steel. This steel contained 0.11 per 
cent carbon, 0.14 silicon, and had an 
aluminum addition of 1.5 lb. per ton. 
At 850 F. and 32,000 psi. in the fine- 
grain condition (heated 5 min. at 1750 F., 


7R. F. Miller, “Effect of Deoxidation Practice on 

Creep Strength of Carbon-Molybdenum Steel at 850 and 

1000 F.,’’ Transactions, Am. Soc. Mech. Engrs. May, 1943, 
Vol. 65, No. 4, p. 309, 


| 
| 
¢ 
: 


030+ — | 


:——Final Rate -OOO0005 per cent per hr 
| 


| 


Weld Metal C 


Load 
Od 
020 Off 


BE 

COl2, MnN052, Si023, Mo048 

Stress-Relieved at I2OOF Before Test 


0.10 
Test Temperature - 850F 
c Load - 32,000 psi. 
+ 
o Final Rate -O00002 per cent per hr 
_Load 
Weld Metal F 
066, S10/8, Mo 046 
Stress - Relieved at IZOOF Before Test 
Test Temperature - 850 F. 
Load- 32,000 psi. 
° Weld Metal A | 
C012, Mn 066, SIO. 24 
Stress -kelieved at F Before Test 
0.20} Jest Temperature - 850 F. t 


Load 15,000 psi 


Final Rate- OO0003 per cent per hr 
Load 


0 200 


Fic. 12.—Time-Deformation Curves at 850 F. for Carbon and Carbon-Molybdenum Weld Metal. 
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— Fic. 13.—Time-Deformation Curves at 950 F. for Carbon-Molybdenum Weld Metal. q 
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ON EFFECTS OF VARIABLES ON 


air-cooled), the creep rate between 500 
and 1000 hr. was 0.00009 per cent per 
hour (intercept deformation 1.91 per 
cent), falling to 0.00006 per cent per 
hour at 2000 hr. In the coarse-grain 
condition as slow-cooled, the rate be- 
tween 500 and 1000 hr. was 0.00019 
per cent per hour (intercept deformation 
3.83 per cent), falling to 0.000075 per 
cent per hour at 2000 hr. The rimmed 
steel showed rates roughly 23 to 4 times 
those of the killed steel, but the rimmed 
steel was 0.05 per cent lower in carbon 
and it is well known that small differences 
in carbon content in the low ranges have 
an appreciable effect. Such small dif- 
ferences in creep rate amount to very 
little in allowable stresses and might be 
largely eliminated by equal carbon con- 
tent in the two steels. 

Figures 12 and 13 show the time-de- 
formation curves for the weld metal 
tested in creep at 850 and 950 F. These 
weld metal specimens were stress-relieved 
at 1180 or 1200 F. after welding. No 
additional heat treatments were used 
prior to creep testing. Weld metal A 
which was deposited with a plain carbon 
steel electrode (0.12 per cent carbon, 
().24 silicon) was tested at 850 F. and 
15,000 psi. for comparison with the 
other wrought plain carbon steels. This 
fine-grain weld metal showed as good 
creep resistance as the coarsened wrought 
silicon-killed steel. Weld metals C 
(0.12 per cent carbon, 0.23 silicon, 0.48 
molybdenum) and F (0.13 per cent 
carbon, 0.18 silicon, 0.46 molybdenum) 
were tested at 850 F. and 32,000 psi. 
and showed creep rates of 0.00005 and 
0.00002 per cent per hour, respectively. 
These creep rates are as low or lower 
than have been obtained under these 
test conditions on any wrought carbon- 
molybdenum steel. The same applies 
to weld metals D and F when tested at 
950 F. and 15,000 psi. These low creep 
rates were obtained in conjunction with 
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total deformations ranging from only 
0.10 to 0.30 per cent in tests of 650 to 
1000 hr. For details see Table II and 
Figs. 12 and 13. : 


DISCUSSION OF RESULTS 


SAE 1015 Steels: 


The experiments herein described do — 
not suggest a change from the hypothesis 
previously advanced that at least in 
plain carbon steels it seems to be the 
absence or presence of inclusions of 
various types and compositions whose 
size, mode, and degree of dispersion 
determine in significant manner their 
creep resistance. It has been shown 
that deoxidation practice and heat 
treatment are important factors. 

Additional data on the effect of heat 
treatment are presented for the silicon- 
killed steel 5247 and the silicon-alumi- 
num-killed steel 5280. The silicon- 
killed steel which has good creep 
resistance when heat treated to produce 
either a fine or coarse austenite grain 
size is understandably not much affected 
by different rates of cooling. It likewise 
shows creep resistance intermediate be- 
tween the rates for the fine- and coarse- 
grain conditions when it is reheated for 
only 5 min. above the critical and air 
cooled subsequent to a previous coarsen- 
ing treatment. 

But with the silicon-aluminum-killed 
steel which had an addition of 2 lb. per 
ton of aluminum, it was quite different. 
In this steel, in which it was shown 
previously that the high aluminum 
apparently wipes out the beneficial 
effects of silicon in the fine-grain condi- 
tion, heat treatment is a very important 
factor in the creep resistance. 

It was predicted that since the fine- 
grain steel showed poor creep properties 
and the coarse-grain air-cooled steel 
showed good creep properties, varying 
degrees of creep resistance would be 
obtained by varying the rate of cooling 
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from the coarsening temperature. Speci- 
men 5280-6 which was_ slow-cooled 
(40 F. per hour through the critical 
range) was no better in creep than the 
fine-grain material. But specimen 
5280-21 which was cooled at 280F. 
per hour from 1585 to 1250 F. showed a 
creep rate more than ten times slower 
than 5280-6, yet still 25 times faster 
than for coarsened and air-cooled speci- 
men 5280-1. A more complete survey 
would be needed to indicate more 
quantitatively the effect of cooling rate 
in this silicon-aluminum-killed steel. 
However, it does appear that the faster 
the cooling rate the better the creep 
resistance, and this probably means 
that there is a finer and better disper- 
sion of the postulated nonmetallic inclu- 
sions obtained with the faster cooling 
rates. Heating at 1730 F. for 5 min., 
subsequent to a previous coarsening 
treatment which had produced good 
creep resistance, almost completely elim- 
inated the good creep resistance so 
obtained. This heating produced a fine- 
grain austenite, and it appears the time 
at this temperature may have been 
sufficient to allow precipitation and 
agglomeration of whatever the constit- 
uent so that fine-grain material of 
relatively poor creep resistance was the 
result. It is likely that a longer time at 
1730 F. would have further lowered the 
creep resistance to the value previously 
shown by this  silicon-aluminum-killed 
steel when given only a single treatment 
to produce fine grain. 

Further experiments looking into the 
proposed hypothesis were made in a 
study of the aluminum-killed nonaging 
steel. As heat treated to produce a fine 
austenite grain, the creep resistance was 
poor as was the case for the other 
aluminum-killed steel tested (5229). The 
larger aluminum addition of 2.8 lb. per 
ton required a higher temperature to 
produce a steel of comparable grain size. 
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This indicated a large amount of grain- 
inhibiting material present. This in- 
dication was confirmed when it was 
necessary to heat this steel to 2225 F. 
to coarsen the austenite grain size to the 
desired size of A.S.T.M. Nos. 2 to 4, some 
No. 1. Air cooling from the coarsening 
temperature did not produce the ex- 
pected improvement in creep resistance, 
which indicated that possibly the in- 
clusions were sufficiently insoluble; so a 
suitable precipitation and_ dispersion 
were not obtained during air cooling. 
A specimen water quenched from the 
coarsening temperature and then tem- 
pered at 950 F. prior to test at 850 F. 
did show excellent creep resistance. 
Such behavior was additional verifica- 
tion that depending on the deoxidation 
practice, various cooling rates from the 
coarsening temperature produce varying 
degrees of creep resistance in plain 
carbon steels. 

The only moderate improvement in 
creep resistance obtained when the 
British steel E was normalized from the 
coarsening temperature, along with its 
creep resistance in the fine-grain condi- 
tion not being up to expectations for a 
silicon-killed steel, suggest that the 
silicon content of 0.09 per cent is not 
sufficient to provide the silicon-contain- 
ing inclusions postulated necessary for 
the best creep resistance in the fine-grain 
condition. This seems the only 
explanation in view of the fact that no 
aluminum was added to this heat. The 
results obtained on this steel with 0.09 
per cent silicon suggest a more careful 
study of steels with silicon contents 
ranging from the minimum required to 
produce a killed steel up through the 
higher silicon-containing grades with 
silicon of about 0.30 per cent. 

The tests on the rimmed steel to which 
molybdenum was added indicate that 
as in the case of killed steels, molyb- 
denum improves the creep resistance. 
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As in the case of plain carbon rimmed 
steel, the core material showed slightly 
better creep resistance than the skin 
material, and coarsening of the core 
material produced some slight improve- 
ment in creep resistance. This carbon- 
molybdenum rimmed steel is not quite 
so creep resistant as an aluminum- 
killed carbon-molybdenum steel tested 
by Miller,’ but the carbon content of the 
rimmed carbon-molybdenum steel was 
0.05 per cent lower which is probably a 


significant difference with regard to 
creep resistance. The data at hand 


indicate that the addition of molyb- 
denum largely offsets differences in creep 
resistance owing to differences in deoxi- 
dation practice, but not entirely so, as 
was evidenced by the work of Miller 
which, while some differences were 
shown, did not show the huge differences 
between carbon-molybdenum steels with 
low and high aluminum additions that 
were found with plain carbon steels. 
The true relationship of rimmed carbon- 
molybdenum steel to killed 
molybdenum steel will only be known 
when a rimmed _ carbon-molybdenum 
steel of about 0.15 per cent carbon has 
been obtained and tested so that direct 
comparisons can be made. 

If rimmed carbon-molybdenum steel 
should prove equal in creep resistance to 
killed carbon-molybdenum steel, the 
practical significance of the use of 
rimmed rather than killed carbon-molyb- 
denum steel in larger ingot yields, 
formability, working, and welding should 
be obvious. Even if rimmed carbon- 
molybdenum steel was not usable for 
manufacture of seamless tubing, it 
should certainly be of use for the manu- 
facture of plate. Another aspect that 
should be considered is the relative 
tendency of rimmed carbon-molybdenum 
steel to graphitize as compared with 
killed carbon-molybdenum steel. _ If sili- 
con- -killed carbon- molybdenum steel 


carbon- 
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should show a lesser tendency to graphi- 

tize as compared with a silicon-alumi-— 
num-killed carbon-molybdenum steel, a 

rimmed steel might show still less 

tendency as a result of the lack of 
silicon-containing inclusions thought to 

be present in silicon-killed steels. It 

would appear desirable to include 
rimmed carbon-molybdenum steel speci- 
mens in any graphitization experiments: 
on carbon-molybdenum steel. 

As in the case of the fine-grain carbon- 

vanadium steel previously reported,' the 
tests at 850 IF. on the plain-carbon and at 
850 and 950 F. on the carbon-molybde- 
num weld metal are further evidence that 
fine-grain materials can show excellent. 
creep resistance. Miller’ showed fine- 
grain carbon-molybdenum steel superior 
at 850 F., but coarse-grain carbon- 
molybdenum steel better at 1000 F. 
The very rapid cooling incident to the 
weld deposition not only produced a 
fine grain size but probably retained in 
solution and then precipitated in an 
optimum fine dispersion the inclusions 
or carbides that produce good creep 
resistance in plain carbon and carbon- 
molybdenum steels when best heat 
treated. It is certainly indicated that 
weld metal so deposited is equal in creep 
resistance to or better than wrought 
steel of the same composition, heat 
treated to optimum creep resistance. 


Room TEMPERATURE PHYSICAL PROPER- 
TIES OF FINE-GRAIN AND COARSE- 
GRAIN STEELS 


Table III shows the available room 
temperature physical properties of the 
various steels tested. 

In the previous report,” it was shown 
that coarsening of the silicon-killed and 
silicon-aluminum-killed steels which im- 
proved their creep resistance produced 
no significant change in room tempera- 
ture tensile strength or ductility but did 
produce some lowering of the yield 
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strength and for the silicon-aluminum- 
killed steel some lowering of the impact 
resistance. Slow cooling from _ the 
coarsening temperature as compared 
with air cooling produced a still lower 
yield strength for the silicon-aluminum- 
killed steel and lower impact resistance 
for both steels. An intermediate cooling 
rate for the silicon-aluminum-killed steel 
between air cooling and slow cooling, 
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normalized from a temperature produc- 
ing fine austenite grain size. 

For the aluminum-killed nonaging 
steel, coarsening followed by air cooling, 
which produced some improvement in 
creep resistance at 850 F., did not sig- 
nificantly change the tensile properties 
or impact resistance. Coarsening fol- 
lowed by water quenching and tempering 
which produced a very low creep rate 


TABLE II1I].—ROOM TEMPERATURE PHYSICAL PROPERTIES OF THE FINE-GRAIN AND COARSE-GRAIN 
STEELS AND WELD METAL. 
Stect Designation bon, Py Grain Stee, | 8% 
and Identification per A.S.T.M. 3a) Se 
0.14  Smin. at 1575 F., A.C. 5 to 7, some 4 | 41.000 | 58415 42.0 | 69 51 
|| 0.14 1% hr. at 1800 F., A.C. 2to4 34 125 | 58 250 | 41.3 | 68 51 
§247 silicon-killed «| 0.14 1'4 hr. at 1800 F., then® 2to4 34 190 | 55570) 30.8 | 62 25 
| 0.14 11% hr. at 1800 F., A.C . 
| 


ia 5 min. at 1575 F., A.C 
0.17 1 hr. at 1730 F., A.C. 
; 0.17 1 hr. at 2000 F., A.C. 
5280 silicon-aluminum 0.17 1 hr. at 2000 F., then® 
killed 
1] 0.17 1 hr. at 2000 F., then’ 
0.17 1 hr. at 2000 F., A.C. 
\ 5 min. at 1730 F., A.C. 
{| 0.08 2 hr. at 1875 F., A.C. 
35561 aluminum-killed, (|| 0.08 2 hr. at 2225 F., A.C. 
nonaging ‘| 0.08 2 hr. at 2225 F., W.Q. 
0.08 2 hr. at 2225 F., W.Q. 


1 hr. at 950 F., A.C. 


0.06" 
0.06" 


7666 carbon-molyb- {Core 
denum rimmed _ «Core 


2 hr. at 1725 F., A.C. 
1% hr. at 2025 F., A.C. 


5 to7,some 4 36200) 57100 41.5 


47 400 | 60525 42.7 | 70. 
36 800 | 60.625 41.0 


7 to8 
80% 2 to 4 
Some 1 and 5 
80% 2 to 4 
Some 1 and 5 
80% 2to4 
Some 1 and 5 
6 to 8, trace 3 
46 670 | 60 800 42.0 | 70.5 51 


a 
= 


27 170 | 54.850 | 39.5 


a 

w 
w 


33 370 | 59 520 40.7 | 


28 900 | 48 050 | 46.7 | 74.7 58 
27 600 | 49 600 | 43.5 | 69.0 | 53 

| 67 400 | 22.0 ie 
36 100 | 43 850 | 36.5 | 85.7 53 


5 to 7, little 8 
‘ 2 to 4, some 1 
2 to 4, some 1 
2 to 4, some 1 


36 $70 | 53100) 44.5 57 
31500 | 55950| 39.2 | 74.1 59 


5 to7 
2 to 4, some 1 


Skin 0.06% 1 hr. at 1975 F., A.C 2 to 4, some 1 29 370 ; 50920 43.7 | 78.3 64 
Weld metal A 0.12 Stress-relieved at 1180 F. fine 49 700 | 65 000 | 35.5 | 64.7 | 
Weld metal C (C-Mo). 0.12" Stress-relieved at 1200 F. fine 55 800 | 66 500 | 27.7 | 65.8 
Weld metal D (C-Mo) 0.14° Stress-relieved at 1200 F. fine 59 500 | 72 370 | 28.7 | st .. 
Weld metal F (C-Mo) 0.134 Stress-relieved at 1200 F. fine 63 000 | 74.870 | 30.2 | 62.8 28 


“0.58 per cent molybdenum. 
6 0.48 per cent molybdenum. 
©0.59 per cent molybdenum. 
4.46 per cent molybdenum. 


nace cooled. 


cooled, 
9 Keyhole notch. 


which produced an intermediate creep 
rate, resulted in an improved yield 
strength and impact resistance as com- 
pared with the slow-cooled material. 
For both steels, refining of the austenite 
grain size subsequent to coarsening, 
largely restored the original tensile and 
impact properties of the fine grain 
condition, and their creep rates ap- 
proached the values shown by material 


¢ Furnace cooled to 1575 F., then cooled at 40 F. per hour to 1250 F., then fur- 


S Furnace cooled to 1585 F., then cooled at 280 F. per hour to 1250 F., then air 


lowered the tensile strength a little but 
increased the yield strength. 

For the carbon-molybdenum rimmed 
steel (core), coarsening produced no 
significant change in room temperature 
tensile properties or impact resistance. 
The yield and tensile strengths of the 
coarsened skin material of the rimmed 
carbon-molybdenum steel were a little 
lower than for the core material. 
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The tensile and yield strengths of the 
carbon and carbon-molybdenum weld 
metals were somewhat higher than the 
wrought carbon and rimmed carbon- 
molybdenum steel. 

These data, as did the data in previous 
reports, show that the creep resistance 
of the various steels given the various 
heat treatments could not be predicted 
from their room temperature physical 
properties. 


FUTURE WORK AND STEELS AVAILABLE 
FOR TEST 


The previous work has shown that 1 
lb. of aluminum per ton did not and 2 lb. 
per ton did adversely affect the creep 
resistance of a silicon-killed steel in the 
fine-grain condition. This suggests a 
relationship between silicon and alumi- 
num additions for production of good 
creep-resistant carbon steels. Tests are 
needed on steels with silicon contents 
less than and greater than 0.15 per cent 
in small-step increments. There exists 
the possibility that with some specific 
silicon content, a fine-grain steel with 
good creep resistance might be obtained. 
That is, with an aluminum addition 
sufficient to give fine grain, a silicon 
content somewhat higher than the 0.15 
per cent normally used might give better 
creep resistance. 

The work on the British steel E with 
0.09 per cent silicon suggested the need 
for a study of steels with silicon contents 
just sufficient to kill the steel and upward 
in small steps. 

The following steels have been ob- 
tained for these proposed tests. The 
American Steel and Wire Co. has sup- 
plied a semikilled steel of the following 
composition: 0.16 per cent carbon, 
0.54 manganese, 0.012 phosphorus, 
0.036 sulfur, 0.07 silicon, and 0.17 copper. 
No aluminum was added to this heat 
and it should provide a good comparison 


. 
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with the British steel E which contained 
0.09 per cent silicon. 

To complete the series with low silicon, 
the Bethlehem Steel Co. has supplied 
bar stock of two heats both of which 
were aluminum treated and whose com- 
positions are as follows: 


Carbon | Manga- | Sulfur, |Silicon, 
per cent |per cent per cent | PEF cent | cent 
| 
0.14 0.45 0.011 0.035 0.09 1.64 
0.12 0.55 0.015 0.029 0.10 2.03 


For a study of the higher silicon con- — 
tents and the relation between silicon — 
and aluminum additions, two induction | 
furnace heats have been melted and 
rolled to bar stock. These heats con- 


tain: 
Manganese, Silicon, 
Carbon, per cent per cent | per cent 
0.16 0.59 0.15 
0.1 0.46 0.31 


Each heat was split three ways. One 
ingot was tapped as silicon-killed with — 
no aluminum added, the second was | 
tapped after an addition of 1 lb. per 
ton of aluminum, and the third after a | 
further addition giving a total of 2.4 
lb. per ton of aluminum. 

For all of these steels, grain coarsening 
characteristics will be determined, and 
creep resistance will be determined as — 
heat treated to produce fine and coarse — 
austenite grain sizes. As indicated to- 
be necessary by the results, experiments — 
to determine critical cooling rates for. 
good creep resistance will be made. 

To determine more completely the 
value of rimmed carbon-molybdenum 
steel, a heat should be prepared with a — 
carbon content of about 0.15 per cent | 
for direct comparison with killed carbon-_ 
molybdenum steels normally used. Tests 
should be run at both 850 and 1000 F. 
It would be very interesting to de- 
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termine whether by suitable heat treat- 
ment weld metal could be changed to a 
condition of poor creep resistance. If 
the good creep resistance is the result 
of the rapid cooling from the fusion 
condition, heating for 1 or 2 hr. just 
above the critical range should produce 
a change in creep resistance toward 
lower properties. Since the weld metals 
were silicon-killed, very fast creep rates 
would not be expected, but somewhat 
faster creep rates than shown in this 
report would be expected. If this can 
be accomplished, it would be of further 
interest to determine the effect of 
coarsening and normalizing of these 
weld metals. 

A few further tests on the aluminum- 
killed nonaging steel may be warranted. 
Since water quenching from the coarsen- 
ing temperature was proved necessary 
for obtaining good creep resistance in this 
steel, it would be interesting to determine 
the effect of water quenching from the 
temperature of 1875 F. which produces a 
fine austenite grain size and from which 
air cooling produced a relatively rapid 
creep rate. 

It is planned to include some tita- 
nium-treated steels in the Project 18 
program and two titanium-treated steels 
are now available for test. Onesteel (0.15 
per cent carbon) was deoxidized with 
ferrocarbon titanium and calcium sili- 
cide with no aluminum added. The 
second steel (0.36 per cent carbon) 
was deoxidized with ferrocarbon tita- 
nium only. Their compositions are as 


follows: 

Manga- Phos- ¢ Tita- 
Carbon, Silicon, phorus Sulfur, nium, 
per cent cent). per cent per 

per cent per cent cent 

0.15 0.23 0.10 0.006 0.022 0.030 

0.36 0.80 0.14 0.016 0.045 0.028 

SUMMARY 


Further experiments on the effect of 
heat treatment on creep resistance at 


850 F. of a silicon-killed and a silicon- 
aluminum steel of the S.A.E. 1015 type 
were made. ‘The creep resistance of the 
former is not changed much by a change 
in austenite grain or cooling rate from 
the coarsening temperature. The sili- 
con-aluminum-killed steel which shows 
poor creep resistance in the fine-grain 
condition is greatly improved by coarsen- 
ing and air cooling, and shows inter- 
mediate creep resistance as a result of 
slower and controlled cooling rates after 
coarsening. Both steels show creep re- 
sistance approaching that for fine-grain 
material when they had a short-time 
grain refining treatment subsequent to a 
previous coarsening treatment. Room 
temperature tensile and impact proper- 
ties previously indicated for fine-grain 
material were likewise practically du- 
plicated. 

Coarsening followed by air-cooling of 
an aluminum-killed nonaging steel (2.8 
lb. aluminum per ton) produced some 
improvement in creep resistance at 
850 F., but not so much as was expected. 
This steel with a higher aluminum 
addition required water quenching from 
the coarsening temperature to produce 
the low creep rate obtained previously 
by air cooling of steels with lower 
aluminum additions. 

The only moderate improvement in 
creep resistance at 850 F. obtained upon 
coarsening and air cooling of the British 
steel E along with its poor creep resist- 
ance in the fine-grain condition suggests 
that the 0.08 per cent silicon may be too 
low to provide the silicon-containing 
inclusions postulated necessary to pro- 
duce good creep resistance. 

Molybdenum added to rimmed steel 
improves the creep resistance at 850 F. 
as well as when added to killed steels. 
Only slight improvement in creep re- 
sistance resulted from coarsening. The 
presence of molybdenum in rimmed steel 
seems to offset in part the previous large 
effects on creep resistance owing to dif- 
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ferences in deoxidation practice shown 
by plain carbon steels. Since the 
carbon-molybdenum steel tested con- 
tained only 0.06 per cent carbon, the 
true relationship of rimmed carbon- 
molybdenum steel to killed carbon- 
molybdenum steel will be shown when a 
rimmed carbon-molybdenum steel with 
about 0.15 per cent carbon has been 
tested so that direct comparisons can 
be made. 

Plain-carbon and carbon-molybdenum 
weld metal, even though extremely fine- 
grain, showed excellent creep resistance 
at 850 and 950 F. It is probable that 
the rapid cooling that takes place during 
welding while producing an extremely 
fine grain also produces a near optimum 
size and dispersion of inclusions or car- 
bides, and hence, good creep resistance. 

The experiments herein described on 
plain-carbon steels give additional cre- 
dence to the previously advanced 
hypothesis that it is the absence or 
presence of inclusions of various types 
and compositions whose size, mode, and 
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degree of dispersion determine creep 
resistance. Deoxidation practice and 
heat treatment, and particularly the 
temperature of heat treatment (as indi- 
cated by austenitic grain size) and the 
cooling rates used, are important factors 
influencing creep resistance. 

Differences in creep resistance shown 
could not be predicted from either 
structures or room temperature tension 
properties. 

This report concerns progress in a 
long-time program of the joint 
committee in which study of the relative 
effects of variables on creep resistance 
will be continued. The program is inac- 
tive for the duration of the war because 
the testing equipment is being used 100 
per cent on testing of materials of 
immediate interest to the Armed Serv- 
ices. The future work planned and 
steels available for the tests have been 
discussed in detail in the report. It is 
hoped the work can be resumed in the 
near future. 
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CORRELATION OF SHORT- AND LONG-TIME ELEVATED 
TEMPERATURE TEST METHODS 


INTRODUCTION AND OBJECT 


lor almost two decades the long-time 
creep characteristics of materials have 
been a widely used criterion of their 
strength at elevated temperatures. 
However, their determination remains a 
tedious and costly process. 

In the meantime a variety of shorter 
time tests has been proposed, each one 
intended to provide an adequate criterion 
of high-temperature performance or to 


be an actual prognosticator of creep 


characteristics. Lacking coordinated 
test data, engineers have never been 
able to agree that any of them achieves 
its purpose. Therefore, in 1940 the 
Joint Research Committee on Effect of 
Temperature on the Properties of Metals 
instituted Project 25 having the follow- 
ing twofold objective: 

Primary or Quantitative Object.-To 
examine short-time high-temperature 
testing methods in terms of their ability 
to forecast long-time (creep) test results. 

Secondary or Qualitative Object.—To 
examine short-time high-temperature 
testing methods in terms of their ability 
to distinguish between materials of 
different long-time (creep) characteristics. 


CONCLUSIONS 
Examination of the data from ten 
types of short-time tests on carbon steel 
K20 at 850 F. and on carbon-molyb- 
denum steel K22 at 850 and 1000 F. 
led to the following conclusions in 
respect to the objects of the investigation: 


APPENDIX II 


(PROJECT 


No. 25) 


1. From a quantitative standpoint, the 
tests were not able to predict long-time 
(creep) strength accurately and con- 
sistently. However, several __ tests 
showed sufficient promise in this direction 
to warrant further study. 

2. In all cases but one, the strength 
values from short-time tests were in the 
same order as the creep strengths. In 
other words, all tests but the dynamic 
hot hardness test were able to dis- 
tinguish between materials of different 
long-time (creep) strengths. 


RECOMMENDATION 


It is recommended that the sustained- 
load tension test, the Hatfield time-yield 
test, the DIN(DVM) test, and possibly a 
short-time relaxation test be further 
investigated as to their ability to predict 
creep strength values. 


PROCEDURE 


Laboratories operating high-tempera- 
ture testing equipment were invited to 
take part in the investigation. The 
following organizations participated with 
one or more test methods: 

Bethlehem Steel Co. 
Climax Molybdenum Co. 

Crane Co. 

Crucible Steel Co. 

Edward Valve Co. 

General Electric Co. 

Lunkenheimer Co. 

Midvale Co. 
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U. S. Naval Engineering Experiment 
Station 

United States Steel Corp. 

University of Michigan 

Westinghouse Electric and Manu- 

facturing Co. 

Wm. Powell Co. 

Several additional laboratories were 
prevented from participating by the 
increased demands on their facilities 
resulting from the war. 

A plain carbon and a carbon-molyb- 
denum steel in the form of bars, heat 
treated to obtain a high degree of 
uniformity and stability of properties, 
were distributed among the cooperating 
laboratories. Tests on the plain carbon 
steel were confined to 850 F. while the 
carbon-molybdenum steel was studied at 
both 850 and 1000 F. The tests con- 
ducted were of both short- and long-time 
classification and may be listed as 
follows: 


Short-Time Tests: 


1. Hot hardness 
2. Standard short-time tension 
3. Constant strain rate tension 
4. Sustained-load tension 

5. Stress-rupture 

6. Hatfield time yield 
7. DIN (DVM) 
8. Barr and Bardgett 
9. Step-down relaxation (flow rate) 
10. Constant-strain relaxation 


Long-Time Test: a 


1. Constant-stress creep 

It should be recognized that some of 
the short-time tests listed above, includ- 
ing the step-down relaxation test and the 
constant-strain relaxation test, might be 
considered more or less long-time tests, 
as will be explained in the description of 
each short-time test method. Most of 
the short-time tests determine values 
based on higher deformation rates from 


higher stresses than are obtained from 
creep tests or from short-time testing 
periods of the long-time tests. 

In addition to the results of the 
present cooperators, a considerable num- 
ber of test properties were taken from the 
literature on steel K20.'_ The long-time 
(creep) properties came from this source. 

The long-time properties of steel K22 
were determined by the University of 
Michigan through a project sponsored by 
the joint committee. The University 
also acted as Secretary in carrying on 
correspondence relating to the tests and 
for assembling and correlating data. 


MATERIALS INVESTIGATED 


A 0.35 per cent carbon steel, des- 
ignated K20, and a 0.50 per cent 
molybdenum steel, designated K22, were 
available for the testing program. The 
K20 material was the same as has been 
used previously for numerous other com- 
mittee tests. It was completely de- 
scribed in the February, 1936, Transac- 
tions of the A.S.M.E. (1)2 The K22 
material was prepared for Project 25 
by the Bethlehem Steel Co. A com- 
plete description of steel K22 is presented 
as Appendix A to this report, and a 
summary description of the two materials 
is given in Table I. 

Both materials were products of 100- 
ton basic open-hearth furnaces. The 
ladle deoxidation of K20 was with 50 per 
cent ferrosilicon and 1.2 lb. of aluminum 
per ton. For K22 50 per cent ferro- 
silicon and 1.6 lb. of aluminum per ton 
were added in the ladle. 

The test material in each case was 
rolled to 1-in. round bar stock and heat 


1 See “List of Published Reports with Reference to 
Tests on 0.35 per cent Carbon Steel K20,”’ Report of Joint 
Research Committee on Effect of Temperature on the 
Properties of Metals, Appendix II, Proceedings, Am. Soc. 
Testing Mats., Vol. 40, p. 159 (1940). 

2 The boldface numbers in parentheses refer to the 
bibliography for steel K20 on p. 212. The numbers used 
are the same as those assigned to the various papers in the 
“List of Published Reports with Reference to Tests on 0.35 


per cent Carbon Steel K20,”’ loc. cit. oo 
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treated to give uniformity of properties. 
The uniformity was checked by means of 
Brinell hardness and room temperature 
tension tests on each bar. 

RESULTS 


Physical properties have been deter- 
mined in tests which vary from very 
TABLE I.-CHEMICAL COMPOSITION, GRAIN SIZE 
AND HEAT TREATMENT OF K20 
AND K22 STEELS. 


Chemical Composition, per cent 


Material 


Grain Size 


Manganese 
Phosphorus 
Molbydenum 
McQuaid-Ehn 


K20 (1). 


6to8 
6108 


0.55}0.01610.03 
0.66}0 .015|0.027 


Hear ‘TREATMENT 


Heated to 1550F. in 2 hr., held 1 hr., 
furnace cooled to 1000 F. and then air 
cooled. Reheated to 1280 F. in 4 hr., 
held 2 hr., furnace cooled to 1000 F and 
then air cooled. Cold straizl.tened and 
reheated to 950 I’. and air cooled. The 
above treating cycle was repeated with 
the cold straightening operation elimi- 
nated. 


K20(1)....... 


Heated to 1650 F., held 124 hr. and air 
cooled. Reheated to 1200 F., held 2 hr. 
and air cooled. Machine straightened. 
Stress relieved at 1200 F. for 2 hr. and 
air cooled. 


Room TEMPERATURE PHYSICAL PROPERTIES 


in., 


Material 


per cent Offset, 


psi. 
per cent 


psi. 


Yield Strength, 0.2 
Reduction of Area, 
Brinell Hardness 


| Tensile Strength, 
Elongation in 


39 500% 
42 900" 
c 


45 500 
49 000 
47 500 


* Obtained from tests made in 1944. 
Minimum yield stréngth between 0.1 and 0.5 per cent 
offset. 
€ Not available.* 


short-time hot-hardness and tension tests 
to standard tension creep tests of 1000 
hr. duration. The data obtained are 
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summarized in the following sections. 
In so far as possible the values given are 
exactly as presented by the cooperators’ 
reports. Certain tests were continued 
for time periods in excess of those which 
could properly be classified as short-time 
tests. In these cases, data have been 
selected from the early portion of the 
test for use in evaluating both the long- 


TABLE II. —HOoT HARDNESS DATA. 

pera- 
| ture, 
| deg. 

one. 


Type of 


Test Hardness Number 


| Source of 
Data 


| 


| Material 


850 
900 


95 Equivalent Brinell¢ 
95 Equivalent Brinell* 
105 Equivalent Brinell* 
110 Equivalent Brinell* 


152 D.P.H.8 
131 


Dynamic | 


Vickers 


Dynamic 5 Equivalent brine!l* 


149 D.P.H.o 
140 


Vickers 


; First of two determinations which checked. 
’ Average of two or three determinations. 


time (creep) behavior of the two alloys 
and the longer time results from the test. 

During the course of the investigation 
many cooperators accumulated test re- 
sults which were not directly applicable 
to the subject of this investigation. 
Since such information may be valuable 
to other aspects of the joint committee’s 
activities, these have been included as an 
Appendix. 


: 
1 
| 
1000 
19 
800 
850 | 120 
900 | 109 
950} 93 
1000 | 82 
1050 | 74 
1150 | 60 
1200} 56 
1250| 49 
1300 | 43 
1350 | 39 
2| E 
| 
806 
85¢ 
-+ eee 900 | 128 
950 | 126 
1000 | 119 
1050 | 111 
1100 | 103 
1150} 
1200 | 86 p 
W 
K20 min.......... | 68 6.5 | 62.3 | 128 te 
max. (1)......| 70 9.0 | 65.8] 131 
66 000 5.0 72.9 131 ir 
0.0 | 75.1 | 137 
AVg...........| 67 200 6.2 | 74.3 | 134 d. 
ty 
W 
al 
dd 
= 
to 
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Short-Time Tests: 


All data for each test method have 
been summarized in tabular form and 
where possible are also presented graph- 
ically. A brief description of the test 
methods and procedure modification of 
the contributors is included. 

Hot Hardness Tests—The test of 
shortest duration which was considered a 
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impression was measured and converted 
to “equivalent Brinell hardness” by 
means of an experimental calibration 
curve. Duplicate 3-in. thick disks were 
held at temperature one hour before 
testing. The results obtained are given 
in Table II. The increase in hardness 


with temperature was unexpected, and 
the tests were repeated with check results. 


100 


co 


Vickers Hardness Number 


40 
800 900 1000 


1100 1200 


1300 1400 


Temperature, deg. Fahr. 


Fic. 1.—Effect of Temperature on the Vickers Hardness of K20 and K22 Steels. 


possible criterion of long-time properties 
was the determination of the hardness 
of the two steels at the test temperatures. 
Hardness determinations over a range in 
temperature were made by two methods. 

Dynamic hot hardness tests were made 
in a guillotine type machine in which a 
drop hammer, fitted with exchangeable 
10-mm. steel balls, slides vertically along 
two polished steel guides. ‘The samples 
were heated, removed from the furnace, 
and placed in the tester, and the hammer 
dropped on them (az). The size of the 


*The boldface letters in parentheses refer to the 
reports and papers listed in the references appended 
to this report, see p. 213. These are references which do 
not refer to steel K20. 


Small samples of both K20 and K22 
steels were heated in a vacuum attach- 
ment for a Vicker’s hardness tester; a 
series of impressions was mace at 50 deg. 
intervals at temperatures from 800 to 
1350 I°., the sample cooled to room 
temperature, and the impressions meas- 
ured. The report presented diamond 
pyramid hardness numbers for two or 
three impressions at each temperature 
their averages and curves. ‘These curves 
of hardness versus temperature are 
shown in Fig. 1, and the average values 
given in Table II. The hardness num- 
bers used for the comparison table are 
those defined by the curves of Fig. 1. 
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TABLE III. 


Material 


K20 


| 


“ The capital letter symbols have been use 
of this report under the heading 
boldface numbers and letters in paren 


paper. 


-SHORT-TIME TENSION TEST PROPERTIES OF K20 AND K22 STEELS AT 850 AND 1000 F.2 


Source of 
Data” 


Minimum 
Maximum 
Average 


Minimum 
Maximum 
Average 


G 


D 


Minimum 
Maximum 
Average 


Tem- 
pera- 
ture, 
deg. 


| Fahr. 


} 


850 


850 
850 


850 


850 


“*Procedure;’ 


Tensile 


Streng th, 


psi. 


46 350 
45 700 


45 500 
45 125 


45175 | 
44 600 
40 500 
46 400 
42 500 
42800 | 
40 200 
43 500 
43 900 


41 500 
42 400 


44 300 
44 500 
48 150 
40 200 
48 150 | 
44 060 
60 500 
59 500 
59 200 
58 000 


59 000 
57 500 


| 
56000 | 
57 200(a), 
57 000(b) 
57 000(c) 
57 750(d) 


57 000 
57 000 


57 300 


60 500 
56 QUO 
60 500 
58 060 


45 500 
46 500 | 


45 600 


48 800 
48 800 


47 100 
49 250 


47 750(e) 
47 500(f) 


’ 


Offset Yield 
Strength, psi 


0.1 
per cent | per cent 
offset offset 
18 500 20 200 
18 000 19 800 
19 500 20 500 
17 500 19 375 
16 800 18 750 
18 500 
17 400 
17 750 | 19 750 
| 
16500 | 18.000 
17250 | 18750 
18 250 19 500 
17 600 18 600 
18 000 19 800 
18 500 20 350 
15 900 
21 000 
18 000 
21 OOO 
19 640 
24 700 
28 500 
24 500 
23 900 
26 000 
28 500 
27 600 
28 750 
26 650 
26 650 
25 000 
24 500 
24 000 26 500 
26 250 29 250 
27 500 
26 000 
29 250 
27 500 
27 750 
26 750 
24 000 
24 000 
24 300 26 500 
25 800 28 O00 
32 400 
29 600 
26 500 
26 500 
32 400 
28 210 


0.2 


Yield 
Point, 
psi. 


27 500 
30 000 
28 000 
27 500 


| Propor- 


tional 
Limit, 
psi. 


16 500 
6 250 
5 000 

11 000 
000 

11 000 

15 000 

10 000 

12 500 

12 500 


10 100 
13 000 


12 000 
000 


12 500 


15 
15 
18 000 
19 500 


20 


22 500 
24 500 


16 000 
17 000 


17 000 


15 500 


15 000 


Elonga-| Reduc- 


tion, in| tion of 
in., Area, 
r r | 
cent | cent 
49.0 | 79.2 
49.0 79.3 
49.0 | 80.1 
51.0 | 80.5 | 
48.5 | 80.2 
48.5 | 80.4 
52.0 | 81.5 
50.0 | 80.8 
49.0 | 79.8 
59.4 | 84.0 
55.2 | 82.3 
53.6 | 81.8 
54.4. | 82.9 
56.7 | 82.4 
48.1 | 80.0 
51.6 | 80.5 
50.0 79.5 
48.1 | 79.2 
59.4 | 84.0 
51.7 80.9 | 
31.8 | 76.4 
27.4 | 78.5 
97.5 | 77.4 
31.3 | 78.6 
35.0 78.7 
32.0 78. 
34.0 | 78.0 
35.5 | 79.8 
35.0 | 79.4 
33.5 78.0 
36.5 | 76.5 
36.5 79.2 
37.0 | 78.8 
32.9 | 78.3 
34.0 | 78.7 
36.0 78.5 
27.4 | 76.4 | 
37.0 79.8 
33.5 | 83.6 
| 
32.5 | 84.3 
31.5 | 83.2 
37.0 | 84.5 
31.0 | 82.7 
33.7 82.8 | 
38.3 | 83.3 
33.0 | 83.3 
| 
39.5 | 82.5 
40.0 | 83.3 
36.0 | 83.5 | 
31.0 | 82.5 | 
40.0 84.5 
35.2 83.3 


Modulus 


o 
Elasticity 
psi. 


23 800 000 


| 21 600 000 


24 500 000 
23 200 000 
23 500 000 
25 400 000 


24 300 000 


21 000 000 
19 700 00€ 


22 8C0 000 


1 to indicate the laboratories of the organizations listed at the beginning 
the symbols bear no relation to the order in w 
theses throughout these tables refer to the papers and reports ap 
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hich they are listed. The 
pended to this 


0 
| | 850 | 
) 850 
| 4 
850 
| 
| (1) $50 | 
| 
| (4). 850 
| 
4 | 
| 
— 
a 15 500 I 
15 500 
16 000 
és t 
850 | i 
J 850 | \ 
| K22........ | 
| 
4 A 850 | | | 
K 850 
| 1000 | 
1000 
K 1000 
: J 1000 
i 7 | | 1000 46 750 \ 
‘ 45 506 


) O00 


000 
() OOC 


000 


inning 
The 


| to this 


j 


Ox CORRELATION OF SHORT- AND LONG-TIME ELEVATED TEMPERATURE TESTS 191. 


TABLE III.—Continued 
TENSION TESTING PROCEDURES. 


The Vickers test indicates a higher hot 
hardness for steel K22 than for K20. 
The shape of the curve was also different, 
showing considerably less effect of tem- 
perature on hardness for the molyb- 
denum than for the carbon steel. The 
increase in hardness with increasing 
temperature, by the dynamic method, 
is an interesting finding since the static 


Vickers test showed a decrease with 
temperature. 

Standard Short-Time  Elevated-Tem- 
perature Tension Tests (A.S.T.M. E 


21-43).‘—Tests areconducted with spec- 
imens 0.505 in. in diameter in a furnace 
maintaining a uniform temperature over 
the gage length of the specimen. After 
thermal equilibrium has been established 
at the temperature desired for a test, a 
series of load and extensometer readings 
are taken under increasing load until the 
yield strength has been passed. The 
extensometer is then generally removed 
and the test continued to fracture. 

The data submitted are presented in 
Table III. The values for cooperator I 
were not intended to be in accordance 
with FE 21-43, but the data have been 


£1943 Supplement to Book of A.S.T.M. Standards, 
Part I, p. 104, 


included because they are comparative. 
The testing procedures are summarized 
at the end of Table III. The tensile 
strength and ductility values are believed 
to show a greater variation than can be 
ascribed to the nonuniformity of these 
materials. 

Controlled Strain Rate Tension Tests.— 
In the controlled strain rate test, test 
bars are subjected to a constant rate of 
strain which is generally continued until 
fracture occurs. The rates of strain 
may be varied from those of very rapid 
tests lasting a fraction of an hour to 
rates approaching those obtained in 
creep tests. The data obtained may 
include ultimate strength, yield strength, 
ductility, and time for fracture. 

In laboratory I the specimens, held at 
constant temperature (plus or minus 2 F.), 
were extended at a uniform rate by means 
of, a motor-driven gear chain. Inter- 
changeable gears permitted strain rates 
of 1.0, 0.1, 0.01, and 0.001 in. per inch per 
hour. The stress was derived by obser- 
vations of the extensions of a weigh bar, 
the strain by calculation of the rate of 
straining and the elapsed time. ‘Tests 
were made at the faster strain-rate of 
7.5 in. per inch per hour in a hydraulic 


& 


Source | Testing Speed for Tensile Strength 
of Data” Type of Extensometer Sensitivity Stress-Strain Data Head Testing Spe Speed 
D | Martens mirror 0.00001 in. in 2 inches | 5000 to 8000 psi. per min. 0.25 in. per min. 
H is | 0.000225 in. per inch per 0.25 in. per min. 
| | min. 
| | 
B | Martens-Tuckerman | 0.000002 in. | 1 min. increments per 0.25 in. per min. 
2000 sq.in. 
| 
A, Adescription of testing procedure was not submitted. q 
I 2-in. gage length by 0.357-in. diameter specimens were stressed at a uniform rate of 7.5 in. per inch per hr. ‘ 
in a hydraulic tensile machine equipped with a pacing disk control. F 
J -Templin-Peters stress- (a) 0.1 in. per min.; head speed 0.25 in. per min. 
strain recorder (b) 0.08 in. per min.; head speed 0.27 in. per min. 
ie pao es | (c) 0.02 in. per min.; head speed 0.04 in. per min. 
> | (d) 0.01 in. per min.; head speed 0.03 in. per min. 
(e) 0.06 in. per min.; head speed 0.22 in. per min. 
ee | (f) 0.06 in. per min.; head speed 0.22 in. per min. 
K Modified Martens mirror | 0.000003 in. per inch 2500 psi. in 30 sec. 0.3 in. per min. 
G | External 0.001 in. 


0) 
000 
000 
000 
‘ 
| 
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testing machine equipped with a pacing 
mechanism which permitted control of 
the rate of straining. The specimens 


TABLE IV.—CONTROLLED STRAIN RATE TENSILE 
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Table IV, stress-strain curves were 
shown in the report together with typical 
photomicrographs showing the types of 
fracture. 

The tests by laboratory J were con- 


DATA FOR K20 AND K22 STEELS AT AND 
1000 F. ducted in a tension testing machine on 
old ig te standard 0.505-in. diameter specimens, 
= |4 with the head speed varied after exceed- 
a | ge = ing the yield stress, as described in the 
description of tension testing proce- 
a. g 
| #28 | | 52/22) dures in Table ITI. 
Constant strain rates were obtained 
KaatssoPe by a constant speed screw mechanism, 
(130 49 500 | and the loads were measured by the , 
| . . . 
a1)..{| 0.287. | 36000 | load indicator of a hydraulic tension 
0.0428 | 32 500 | 
0:00166) 24 500 testing machine at the laboratory of k 
— cooperator O. Elongations were meas- 
K22 at 85 F. - _.__ured by observing platinum strips on the 
(17.5 | 56000 | 34.0") 78.0% 0.05) gage length with micrometer microscopes 
54.000 | 31.5 | 33 
31. | ; 0:33 | Trans- A series of stress-strain curves for K20 
| 330 fe" steel at several rates of strain are given k 
| 0.01 53.000 | 41.0 | 77.0 | 43.0 j -rence j 
om. | ace in reference (11). The yield points and 
| the ultimate strengths increased with 
0.089 || $5 S00 | | rates of strain. The ultimate strengths 
| | a | given in Table III were estimated from 
K22 at 1000 F. the stress-strain curves in the reference 
|7.s | 45.600 | 37.0% 0.05|) Trans- paper. In addition the paper presented 
| 1.0 42 500 | 37.5 | 79.0} 0.38 granu- icti -tj 
| & a method of predicting long time creep 
| rates. ‘This involved the correction of 
» : (0.01 | 38000 | 32.0 | 39.0 | 34:5 | inter the measured loads for reduction of c 
ranu . 
2. 32700 | 19.0 | 20.0 |236.0 | lar area so as to obtain true stresses, and 9 
g¢ 
‘ge | Oe then plotting the true stress versus the q 
HAg RR logarithm of plastic strain rate at definite . 
| 0.00082} 34 500 amounts of strain. A series of curves + 
K2? at 880 F. were thereby established which could be z, 
| - extrapolated to the creep test strain rate 3: 
Speed, range. ‘This extrapolation could best be ? 
— used by determining one long-time creep }- 
test strain rate and using it to aid extra- 2 
G 0.27 | 57000 | 35.0] 79.4] 0.3 polation of the short-time constant-strain - 
004 | 57000 | 33.5] 78.0] 2.0 + 
0.03 | 57750 | 36.5 | 76.5} 3.66 rate test results. a 
All data are assembled as Table IV and 
“Ultimate strengths estimated from graphs in refer- | 
} ence paper. in so far as possible are shown graphically 5 


6 Specimens were 0.357 in. in diameter with a 2-in. gage 
length. 


used for all tests had a uniform gage 
length of 2 in. and a diameter of 0.357 
in. In addition to the data ineluded in 


in Fig. 2. The question then arose as 
to what test result to use to correlate 
with creep strengths. For the purposes 
of this report it was decided to extra- 
polate the curves to creep test strain 


| 
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a rates. For this reason the curves in rhe curve for steel K20 at 850 F, extra- 
of Fig. 12 have been extended to strain polates well to the creep strengths. 
rates of 0.0000001 in. per inch per hour Cooperator I’s curve at 1000 F. extra- 
” (creep rate of 0.01 per cent per 1000 hr.) _ polates to the creep test results, but the 
wa and the creep strengths added. curve for cooperator O doesnot. Neither 
w 7 cooperator’s curve agrees with creep 
A. TABLE V.—SUSTAINED LOAD TEST RESULTS. _ tests at 850 IF’. for steel K22 after extra- 
Estimated polation. 
ain ‘i stant ax i As another means of presenting the 
| per data of cooperator I, Fig 3 has been 
Material | ture, si Strain | Tem- 10.1 per| °&2¢ 4 a 
ides. per prepared to show the relation between 
hr.| deg’ | tooo | ‘rates of strain and time for fracture. 
he On the basis of this figure, fracture would 
ion 1000 | 15000 | 1.29 850 8000} 5400 occur in 100,000 hr. for steel K22 at 
of coe 1000 under a rate of 0.01 per cent per 
1000 hr. while at 850 F. the time for 
the 1300 | 3000 | 0.33 fracture is indicated to be considerably 
pes 1000 30.000 | 0.095 | 850 | 39.000] 28 000 greater than 100,000 hr. 
on 1100 | 25 000 7-1 | Sustained Load Tension Test.—The 
ven K2....)| 1150 | 15 000 | 1.07 | sustained load tension test is based on 
and $00 0:06 the relationship between temperature 
vith 1300 1 236 and rate of strain. Under a givenload, 
ths |. ow, the constant strain rate of the secondary 
rom 
nce 60 000 , | ] 
ited | | | e — x 
K-22 at B50F. 
| £ | 
the 
rves 5 ° t 
d be £ K-22 
reep 
| K-22 at 850F. 
train 4 K-20 at 850F 
| | Symbol Cooperaftor 
cally 6 ‘Coe x I 
se as 4 ‘ 
elate 5 | 
poses 0.000000! 0.00000! 0.00001 0.000! 0.001 0.01 0.1 
pies Constant Strain Rate, in. per inch per hr, 


Fic. 2.—Extrapolation of Constant Strain Rate Tensi 


le D 


ata to Creep Test Strain Rates. | 


REPORT OF JomnT RESEARCH 


stage of creep is a function of tempera- 
ture such that a plot of creep rate on a 
logarithmic scale versus reciprocal ab- 
solute temperature yields a straight line. 
This relationship may be used to cor- 
relate long-time creep tests with short- 
time sustained load tests (aj, ap). 


100000 —— 
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several different stresses so that it is 
possible, by extrapolation and interpola- 
tion, to estimate creep strengths at dif- 
ferent temperatures. 

The tests reported in Table V were 
conducted in a hydraulic tensile machine 
equipped with a load maintainer and a 


* 


10 000 


for Fracture, hr., log.scale 


100 


Time 


The conditions of sustained load test- 
ing are identical with those of creep 
testing in that strain readings are ob- 
tained over a period of time under con- 
stant load and temperature. The con- 
ditions of stress and temperature are 
such as to yield a second stage creep rate 


of about 1 per cent per hour. Ordinarily 
. a number of tests are conducted over 


a suitable range of temperatures at 


0.00000! 0.0000! 0.000! 0.00! 0.0! 0.1 | 10 
Strain Rate , in. per inch per hr. 


Fic. 3.—Effect of Strain Rate on the Time to Fracture for K22 Steel at 850 and 1000 F. 


stress-strain recorder. The creep rate 
reciprocal absolute temperature curves 
as given by the cooperator are shown by 
Figs. 4 and 5. The estimated creep 
strengths in Table V were obtained from 
these curves. The cooperator also sub- 
mitted curves for creep strength versus 
temperature which are reproduced and 
compared with constant stress creep 


test results in Fig. 6. 


\ \ 
| 1000F. | | 
| 
| 


rate 
urves 
m by 
creep 
from 
sub- 
versus 
1 and 
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Temperature, deg. Fahr. 
900-1000 1100 1200 1300 


10 
£ / 
4 | 
0.1 
Qa 
2 
0.0! 
¢ 
0.00! 
6 f 4 / Creep Jes? Results 
0.000! _| from Cross and 
/ ~ Lowther (/9) 


Fic. 4.—Sustained Load Tension Tests Strain Rates versus Reciprocal Absolute Temperature for 


Sustained Load Test Strain Rates versus Reciprocal Absolute Temperature for K22 Steel. 
creep 


0.0015 0.0014 0.0013 0.0012 0.001! 00010 0.0009 
Reciprocal Absolute Temperature, |/k 


Temperature, deg. Fahr. 
900 1000 1100 1200 1300 
10 T 7 T 

| 
Qa. 
re) 0.1 A 4 

Wf 
5 / 

0.00001 —“—« at 
0.0014 0.0013 0.0012 0.001! 0.0010 


Reciprocal Absolute Temperature, 1/k 


| 
| 
j 


Creep test results for steel K20 have 
been included in Fig. 4 by the cooperator 
to show the excellent correlation. The 
extrapolation to creep test results for 
K22 steel is not so good, although the 
curves of Fig. 5 could have been drawn 


10000 
4 
S © Constant Stress Cr 
Strength 
-== Note Change Scale 
50000 | | +— 
a t 
a + Stee/ K-22 
10000+—— 
a 
4 
oO 

0 Constant Stress 
Creep Strength 2» 
| 
1000 
800 990 1000 1100 1200 


femperature, deg. Fahr. 


Fic. 6.—Creep Strength versus Temperature 
Curves from Sustained Load Tests on K20 and 
K22 Steels. 
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equally well with a somewhat greater 
slope and would then have given results 
which would have agreed much more 
closely with the creep test data. 
Rupture Tests—The rupture test is 
conducted under the same conditions as 
creep tests except that time elongation 
data are not usually observed, and the 


_Stresses employed are selected so as to 


cause fracture in a series of time periods 
from a few minutes to as many hours as 
are deemed necessary. Fracture times 
and stresses are plotted logarithmically 
producing a straight line which frequent- 
ly breaks so that two intersecting straight 
lines are obtained. Such breaks are gen- 
erally attributed to surface or structural 
instability of the metal (ai, am). 

The data presented in Table VI were 
all obtained by running tests in tension 
testing machines under various constant 
stresses and observing the time to frac- 
ture. These data are shown graphically 
in Fig. 7. 

The rupture strength of the molyb- 
denum steel K22 is almost twice that of 
the carbon steel on the basis of the 10- 
hr. strength st 850 F., and is about 9000 


TABLE VL.—RUPTURE TEST DATA FOR K20 AND K22 STEELS. 


Tempera- 
ture, Stress, psi. 
deg. Fahr. 


Source of 


Material Data 


44 300 
40 000 
37 000 
rere Il 850 35 000 
35 000 
32 000 
31 000 


peers (21) 850 36 000 


| 56 000 


J 57 300 

|, 55 500 

| 

47 100 

| 44 000 

| 43 000 
42 500 
42 000 


K22 ; H 1000 


S.T.T.T. = Short-time tension test. 


Rupture Elongation in2| Reduction of 
Time, hr. in., per cent Area, per cent 10 hr., psi 
A 48.1 80.0 
0.25 57.2 79.5 
1.51 51.4 78.7 
4.15 52.9 78.4 33 000 
4.30 51.1 78.0 
10.50 $2.3 78.5 
22.60 54.0 78.0 J 
y 52.5 79.5 
0.40 56.0 79.5 
1.67 56.0 79.5 32 500 
8.30 57.5 79.2 
13.92 53.0 78.4 J 
32.9 78.3 
2.70 36.0 76.4 ig 
5.75 36.5 77.7 56 000 
32.0 Not fractured | Not fractured 
38.3 $3.3 
0.87 39.6 82.2 
1.50 40.0 80.1 
5.55 43.5 70.1 
35.8 58.1 


| 
| 

| 
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TABLE VII.—HATFIELD TIME-YIELD FOR 
K22 STEEL AT 850 AND 1000 DEG. FAHR psi. higher at 1000 F. than the carbon 
3 = steel at 850 F. 
Tem- 
> 24-72 hr. | Time- H Time Viel — Hat- 
Material Source | P&T | Stress, |Deforma-| Yield atfield me teld Test.—The at 


of Data| |” psi.’ | tion, in. | Stress, field time yield test is run in the same 
foe. per inch | psi. 


5 manner as a creep test except that it 
13000 | requires only 72 hr. Sufficient deforma- 
17.000 | 0.000042 0 
1 eae | Saeeee tion data must be recorded to deter 
mine the extension during the first 24 hr. 
0 x 22 500 | 0.000140 | mo and the extension during the time period 
25 000 | 0.000190 
S 27 500 | 0.000390 between 24 and 72 hr. (q, w, ac). The 
000 | 0.000032 |) time-yield stress is defined as the maxi- 
S $000 | 0.000090 || ° mum stress which will not produce an 
y extension exceeding 0.5 per cent in the 
t- K 500 | 9.000022 | first 24 hr. nor any measureable exten- 
it 12 500 | 0.000094 sion at an average rate greater than 10~® 
1- _ in. per inch per hour during the next 48 
al 


TH 
nt 60 000} K-22 of 850F = 
| | | K-20 of 850F 
| 
10000 
10 20 30 40 
for Rupture, hr., log scale 
= Fic. 7.—Stress-Rupture Time Curves for K22 (0.50Mo) and K20 (0.35C) Steels. - a 
si 
40 000 
0 
| 
0 4 
/O00F. Symbol Source of Dota 
0 0/000 x kK 
0 | 
0 0.00008 0.00016 0.00024 000032 000040 
24 toT2hr Deformation, in. per inch 


Fic, 8.—Hatfield Time-Yield Curves for K22 Stee] at 850 and 1000 I. 
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30 000 
25000 
20000 } fermanent Deformation 
j ° Creep Rate 
a. 
| 
% 15000 § 2 
Q 
10000 - — ¥ —— 
& 
5 000 § —— -— 
0 
0 02 0.4 0.6 0.8 1.0 1.2 


Creep Rate, per cent per !000hr. between 25 and 35 hr. of Test 


0 0.1 


0.2 0.3 


Permanent Deformation, percent in 45 hr. ; 
Fic. 9. Graphical Determination of Permissible DIN (DVM) Creep Stress for Steel K22 at 


and 1000 F. 


hr. In practice several tests are run 
and the data extrapolated to the stress 
causing 0.00050 in. deformation be- 
tween the twenty-fourth and seventy 
second hr. The limiting extension has 
been variously defined by Hatfield as 
0.048 per cent and 0.05 per cent during 
the last 48 hr. of testing (y, al). The 
difference between these two causes only 
a slight difference in the time-yield stress. 
_ The data reported by laboratory K 
were obtained in a creep test unit by 
observing the extension of the standard 
specimens at 1-hr. intervals during the 
first 72 hr. of the tests. The data from 
laboratory D were obtained in a Losen- 
hausen creep testing machine. The 
specimen was 7 in. in length with a 4-in. 
gage length. A modified Martens mir- 
ror type extensometer was used, and a 
beam of light having a magnification of 
1000 was recorded photographically. 

The results obtained by the two 
laboratories were limited to steel K22. 
As is shown by Table VII and Fig. 8 


= 


= 


the time-yield stresses from the two 
sources agreed at 850 F. but not at 
1000 F. 


TABLE VIII.—BARR AND BARDGETT TEST DATA 
FOR K20 AND K22 STEELS AT 850 F. AND 1000 F. 


- 
| 
bo : a 
. ° a yn 
al cial’ 
{| 1.8 | 16.000 | 11 4500 
K20. | L 1.8 | 12000} 9200} 2 5 500 
1.5 | 8800| 7400} 1400 
( 14 050 | 13900} 
J 8504 24 000 | 21 500 | 2500)} 13 400 
34 200 | 28 650 | 5550)) 
1.9 | 24.000 | 20 800 | 3200}| 
L 2.1 | 20 400 | 17 000 | 3400); 11 100 
1.4 | 16.000 | 14 200 1800] | 
K22... 
{ 12 500 | 11 000 | 
J ) 15 350 | 13 600 | 1750}| 6000 
| 24 500 | 21 000 al 
32 600 | 26 500 
{ 1.9 | 20 400 | 15 600 | 4800) 
L 2.0 | 16.000 | 11 500 | 4500), 9 
1.7 | 12 000 10 100 | 1900)) 


| 

| 
t 
I 
d 

‘ 


400 


100 
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DIN (DVM) Test.—This test is based 
on the assumption that the creep re- 
sistance will be within “conventional 
limits” if the creep rate between the 
twenty-fifth and thirty-fifth hours does 
not exceed 1 per cent per 1000 hr. and the 
permanent deformation does not exceed 
().2 per cent after 45 hr. The test is 
run in the same manner as standard 
creep tests except that it is necessary to 
run tests for only 45 hr. Several tests 
are run under different stresses at each 
temperature and the permissible stress 
determined by interpolation. 

The following time-elongation data 
were obtained at the time the creep 
tests were conducted on steel K22: 


25-35 hr.| 45 hr. : 
i Creep Perma- | Permis- 
I ay Stress, Rate, nent sible 
a ee. psi. percent | Defor- Stress, 
— per mation, psi. 
1000 hr. | per cent 
20 000 0.24 0.062 
22 500 0.38 0.100 
850 25 000 0.50 0.157 26 000 
27 500 1.20 0.292 
5 500 0.035 0.006 |} 
000 7 500 0.065 0.010 
19.000 0.140 | 0.021 
12 500 0.265 0.025 


These data are presented graphically 
in Fig. 9 to show the determination of 
the permissible stress. At 850 F. both 
the creep rate and permanent deforma- 
tion are close to the allowable limits, the 
latter being slightly lower. Both the 
permanent deformations and creep rates 
are far below the permissible values at 
1000 F., and a permissible stress cannot 
be determined from the data. The re- 
sults at 1000 F. do indicate, however, 
that the permissible stress from this test 
would be much higher than is indicated 
by the creep tests. 

Barr and Bardgett Test.—The Barr 
and Bardgett test is an accelerated creep 
test of the relaxation type (ab, ae). The 
specimen is 6 in. long by 0.25 in. in 
diameter and is tested in a heavy frame 


with a weigh bar in the loading system 
for estimating stress. Several tests are 
conducted at the same temperature but 
with different initial stresses, and the de- 
crease in stress with each test is deter- 
mined at the end of 48 hr. Decrease in 
stress is plotted against initial stress and 
a line drawn which is extended to the 
initial stress axis. ‘The stress, defined 
by the intersection of the curve and 
initial stress axis, will not decrease 
measurably for the 48-hr. test period 
and is termed the “limiting creep stress.” 

Laboratory L’s equipment was not a 
duplicate of the original Barr and 
Bardgett equipment (ag). The mini- 
mum average rate of creep which would 
cause a readable change in stress in 48 
hr. was approximately 0.2 per cent per 
1000 hr., as estimated from the physical 
constants of the unit. In reporting the 
data, the points obtained by the highest 
loading were neglected because it was 
thought that the stress was above the 
proportional limit and produced incon- 
sistent data. The testing conditions, 
other than temperature surveys, were 
not reported by cooperator J. 

The reported results are summarized 
in Table VIII, and the graphical deter- 
minations of limiting creep stress are 
shown by Figs. 10 and 11. The test 
revealed pronounced differences between 
the two steels, even though the agree 
ment between the two laboratories was 
not very good. 

Step-Down Relaxation Tesi (Flow Rate 
Test).—This test is run with the equip- 
ment ordinarily used for constant stress 
creep tests and is a step-down creep test 
with nearly constant extension of the 
specimen (12). After the specimen is 
brought up to temperature, the stress is 
applied in increments, and the elastic 
extension is noted as each increment is 
applied. As soon as a predetermined 
total extension has been reached, the 
stress is reduced and the relaxation test 
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Creep occurs at ¢ 


constant stress 


approximates the performance of a bolt 
in an unyielding flange, with the entire 


after which the stress is again reduced, elasticity of the system being included 


5000 
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2000 


1000} 


Decrease in Stress After 48 hr., psi 
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6000 


Initial Stress, psi. 
‘Fic. 10.—Barr and Bardgett Curves for Steels K20 and K22 at 850 F. 
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Fic. 11.—Barr and Bardgett Curves for Steel K22 at 1000 F. 


and so on in successive steps. Each step within the member in which the plastic 
gives a creep rate corresponding to the action occurs. 

applied load, and the entire process It has been recommended that the 
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TABLE IX.—STEP-DOWN RELAXATION 


TEST 


(FLOW RATE TEST) DATA FOR K20 STEEL AT 


850 F. AND K22 STEEL AT 1000 F. 


Creep | Time Kstimated wy were available 
ate, nterva esidua 4 
1s i per cent} Under  |Stress after or stee at - (12) and a test 
* | Ber 1000 Stress, — hr, was conducted on K22 steel at 1000 F. 
for this investigation. The results ob- 
K20 Sree at 850 F2 tained, as creep rates for the steps in 
— — stress, are summarized in Table IX, 
10 000 sa 30 1842 . 
7300 | 0.338 | 1700(23) the flow rate for 0.01 and 
| eas | .10 per cent per 000 hr. creep rates 
3000 | 0.003 | 1225-3670 are shown by ig. 12 to be: 
K22 Steer at 1000 F Flo Rate Crop 
t th, psi. 
24000 | . 1 min Steet Pemperature, 
2.3 a 10.01 per cent | 0.10 per cent 
12000 | 0.35 | 7.4-44.4 per 1000 hr. | per 1000 hr. 
10 000 0.15 44.4-108 
Mixwcsned 8 000 0.058 108-270 Se 850 3700 6200 
6000 | 0.031 | 270-635 ORR 1000 3500 9200 
5 000 0.018 635-885 2 
2000 | 0.004 | 2040-3450 The flow rate creep characteristics of 


2 Elastic + plastic extension limited to 0.15 per cent; 
modulus of elasticity 20,000,000. 
» Elastic + plastic extension limited to 0.2 per cent; 
modulus of elasticity 22,700,000. 


test be of several thousand hours dura- 
tion for reliable results. Step-down re- 


K20 steel at 850 F. were not greatly 
different from those from standard creep 


tests, according to Fig. 12. A — 


10000 
7000 
5.000 K-20 at 850F.— 
4 aa 
000 
3000 d 
p 
2000 
Note Change in Scale 
v +~— K-22 at 1000F. Test — 
5000 }— - [ 
3000 atl 
2000 | 
0.001 | 


0.1 0.4 


Creep Rate, percent per 1000 hr.,log scale 


1G. 12.—Comparative Stress - Creep Rate Curves for Step-Down Relaxation (Flow-Rate) Tests 
and Creep Tests for K20 and K22 Steels. 
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wide difference was discovered between 
the two methods in the case of K22 steel 
at 1000 F. These comparisons are, how- 
ever, in both cases based on the results 
of long-time tests. 

In order to predict standard single- 
step creep strengths from short duration 
flow rate tests, the test on K20 steel 
would have had to be extended to 1225 
hr. to obtain a reliable indication of the 
final curve. This would still have rep- 


ComMItTTEr (APPENDIX II) 


Tests.— 
Tests in which the total deformation of 
the specimen is limited to a selected 
constant amount of strain by the remova! 
of stress as relaxation occurs simulate 


Constant Strain Relaxation 


the service conditions of bolts. The 
results of these tests are a curve of resid- 
ual stress versustimeoftesting. Thetime 
required for the test varies from a few 
hours in the case of the Barr and Bard- 
gett test, previously described, to several 


10000 
| K20 of 8% 
5 000 | mean = — 
| 
| | | | TS 
= Note Change in Scale === + 


8 8 


22 at /000F 


Symbol Type Test Cooperate- 
| 
|e Automatic A 
4000 x Automatic 0.1 
2000 
10 100 1000 4000 , 
Time, hr., log scale 


Fic. 13.—Residual Stress-Time Curves for Constant Strain Relaxation Tests on K20 and K22 


Steels at 850 and 1000 F. 


resented a saving of about 2000 hr. 
over the testing time of the single-step 
creep tests. The flow rate-stress curve 
for K22 steel changed slope to a marked 
degree after 635 hr. so that a total of 
3000 hr. testing was needed to establish 
the curve reliably. It is interesting to 
note that if the test had been discon- 
tinued after the 8000 psi. step (270 hr. 
of testing) the flow rate-stress curve 
would have extrapolated very closely to 
the creep test 0.01 per cent per 1000 hr. 
strength. 


' 


thousand hours. The equipment used 
for these tests varies from a simple bolt 
assembly to elaborate equipment de- 
signed to remove stress continuously so 
as to maintain precisely the desired con- 
stant strain. Variations of the assembly 
of the equipment make it possible to 
vary the elastic follow up of the system, 
and thus simulate varying elasticity in 
flange applications. 

Laboratory A described its test equip- 
ment as designed to decrease the stress 
automatically to compensate for small 
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increments of creep in the specimens. K20 were given in reference 23 from 
The specimen is loaded by means of a equipment in which continuous readings 
of tank full of oil. Oil is released from the on a “weigh bar” at room temperature 
d tank by a magnetic valve actuated by indicate the elastic stress effective at 
a! electrical relays connected to an extenso- any time. The machine simulates the 
le meter mounted on the specimenwithin action of a bolt in a flange possessed of 
1€ the furnace. The extensometer is se- considerable elasticity so that the stretch- 
d- cured to the specimen gage length, and _ ing of the specimen only partially results 
ne 
W TABLE X.—CONSTANT STRAIN RELAXATION TEST DATA. 
al Residual os indicated End of Test Estimated 
Source of Initial Residual 
Type of Test | Stress, 
psi. Residual | psi. per 
10 50 100 500 1000 | Time, hr.| Stress, 10,000 hr. 
psi. 
K20 STEEL aT 850 F. 
Continuous | 10000 | 7500 | 6500 | 6000 350 | 5000 1 260% 
svergecess Automatic | 15000 | 8750 | 6500 | 5750 | 4200 | 3500 | 1380 | 2900 
(| 5.000 4 200 
13). “Bolt” | 10 000 5 475 (average of two tests) _ 
20 000 4.950 
f “ ” 40 000 4 600 
ae al Bolt { 40 000 5 100 
15000 | 7000 | ... | 4300 
(23). Automatic 10 000" | 6 500 4 000 1 000 
5000 | 3200 | ... 2 500 
K22 STEEL AT 850 F. 
| atic 25000 | 20250 |17750 | 16800 | 14500 | 14000 | 1320 | 13750 
{| Automatic 35 000° | 29 250 | 25250 | 23000 | 18800 | 18400 | 1465 | 18250 
O..........| Automatic | 23300 | 17750 | 16000 | 15 400 | 200 | 14.800 
“ ” 40 000 10 500 
M..........{] “Bolt {| om 
K22 STEEL at 1000 F. 
A...........| Automatic | 20000 |13750 | 10750 | 9250 | 4650 | 3800 | 14404 | 3750 
Automatic 19200 | 12250 | 9600 | 8 500 hes 200 7 500 
“ ” 20 000 6 600 
K22 _ eee { Bolt { 20 000 6 600 
s Specimen was reloaded at 10 000 Ib. after 350 hr., and this value is based on second curve. weit 
» Estimated residual stresses from graphs in reference papers. eas ity 
sed “ Same specimen as 25,000 psi. test which was reloaded after 1320 hr. to 35,000 psi. — 
1 Test was continued beyond this time period, but data have not been reported. | 
bolt 
de- this eliminates the necessity for an elas- in relaxation of the initial stress. ‘The 
y so ticity factor for the straining system. elasticity of the system was five times 
con- Laboratory O kept the gage length of _ that of the specimen where plastic action 
ably the test specimen at a constant extension _ occurred. 
> to by automatically decreasing the load In another laboratory, a test block of 
fem, through extensometers and electrical the same steel as the test specimen and r 
y in controls to the loading mechanism. of approximately 30 times the cross- 
This was the equipment used for the section of the specimen is assembled at 
juip- “automatic” tests reported in reference room temperature with the specimen as 
tress 23. Relaxation test results for steel an actual bolt under a measured stress = 


if 
4: 


204 


(13). The assembly is placed in a test 
furnace and then removed after the de- 
sired time at temperature, and the actual 
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TABLE XI.—CONSTANT STRESS CREEP DATA FOR K20 STEEL AT 850 F. 


reproduced in Fig. 13. The residual 
stresses at various periods, as shown by 
the curves of Fig. 13 and the “bolt” 


. Saintes inti | Creep Rate, per cent per 1000 hr., for indicated periods, hr. 
of Data psi 
500-1000 750-1250 1000-2000 2000-3000 3000-4000 
(12) 7 500 0.122 0.107 0.091 0.079 0.072 
5 500 0.047 0.038 0.031 0.024 0.021 
4000 0.019 0.018 0.015 0.012 0.010 
(20) Range in creep rates from eight tests at 7500 psi. 
| Creep Rate, per cent per 1000 hr., for indicated periods, hr. 
250 soo 750 1000 | «1500 | 2000 2500 3000 
Range .....| 0.150 to 0.121 to 0.094 to 0.070 to 0.065 to | 0.066 to 0.066 to 0.065 to 
0.287 0.160 0.125 0.125 0.097 0.094 0.090 0.082 
Average... 0.198 0,142 0.113 0.099 | 0.082 | 0.080 0.076 0.073 
; : ees Stress, Creep Rate, per cent per 1000 hr., at indicated periods, lr. 
500 1000 1400 | 2000 | 3000 | 4000 | 5000 | 6000 7000 | 8000 | 9000 
] (10) 7 500 0.12 | 0.12 | 0.10 | 0.09 | 0.09 | 0.075] 0.025| 0.07 | 0.06 | 0.06 | 0.06 
8 000 0.17 0.15 0.13 0.11 0.10 0.09 0.075 | 0.075 | 0.075 | 0.085 | 0.095 
(2) 9 000 0.39 0.335 | 0.26 
10 000 0.56 0.54 


40000 
| 
200004 +H 
| 
7 
2 
OF. - 
7000 K 20.01 
| 
4000 | | | Dato | 
Source of Data —+ 
a | | | ° (2) | | 
} | | | | 
2.000 
0.0! 0.1 
\000-hr. Creep Rates, per cent per !000hr., log scale 
Fic. 14.—Stress-Creep Rate Curves for 1000 hr. Rates Obtained from Steel K20 at 850 F. and 


Steel K22 at 850 and 1000 F. 


change in stress at room temperature 
determined. 
The residual stress-time curves are 


on) 


test, are compared in Table X. The 
results from this test are influenced by 
variations in the initial stress with con- 
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sequent variations in the constant strain 
of the tests. The various types of 
equipment gave reasonably similar re- 
sults for the same initial stresses. All 
of the results reflect the higher strength 
of the molybdenum steel K22. 

Long-Time (Creep) Tests (A.S.T.M. 
E 22 - 41).>—Constant stress creep tests 
are conducted by applying a tensile 
stress to aspecimen at the desired tem- 
perature and observing the deformation 
of the specimens over a period of time. 
Such tests are conducted for at least 1000 
hr. and in many cases for longer periods. 
In general, the rate of elongation of the 
specimen decreases with time during the 
first part of the test—the period of so- 
called “first stage creep.” Eventually 
the rate becomes constant. ‘This is the 
creep rate customarily reported and is 
designated as “second stage creep.” 
In many cases, however, the creep rate 
may still be decreasing at the end of 1000 
hr., and in such cases it is customary to 
report the average rate over the last 500 
hr. of the test. Likewise, if the stress 
is high enough, the minimum rate may 
be exceeded in 1000 hr., and the rate of 
elongation may again increase during 
the so-called “third stage creep.” 

At least three, and preferably four, 
tests are conducted at each temperature, 
and the second stage creep rates deter- 
mined. ‘These usually plot on logarith- 
mic coordinates as straight lines for the 
purposes of interpolation or extrapolation 
to the stresses for specified creep rates 
known as creep strengths. ‘These rates 
are variously referred to as follows: 
0.0000001 in. per inch per 0.000001 in. per inch per 

hour, hour, 

).000001 per cent per hr., 0.0001 per cent per hr., 
).01 per cent per 1000 hr., 0.10 per cent per 1000 hr., 
or 


or 
1.0 per cent per 100,000 1.0 per cent per 10,000 hr. 


Constant Stress Creep Tests on K20 


Steel.—Sufficient constant stress creep 


$1942 Book of A.S.T.M. Standards, Part I, p. 930. 


test results for the purposes of this 
investigation were available in the liter- 
ature for steel K20 at 850 F. These 
creep rates are summarized in Table XI. 
The creep rates at 1000 hr. are plotted 
logarithmically against stress in Fig. 14 
for the purpose of determining 0.01 
and 0.10 per cent per 1000 hr. creep 
strengths. ‘The rates for this time period 
were selected because they represent the 
results obtained from standard 1000-hr. 
tests. It should be noted, however, that 
the data in Table XI show that the creep 
rates decreased for time periods up to 
at least 4000 hr. The differences in 
creep strength for different time periods 
are as follows: 


Stress for Indicated Creep Rates, 
Testing Time, _ 
0.01 per cent 0.10 per cent 
per 1000 hr. per 1000 hr. 
1000 3400 7600 
4000 4000 8200 


Reference (19) presents the results of 
20,000 hr. of testing at 7500 psi. where 
again a period of 4000 hr. was required 
before the creep rate became constant. 
In this case the constant rate was 0.06 
to 0.07 per cent per 1000 hr. 

K22 Constant Creep Test Properties.— 
The results of the creep tests at the 
University of Michigan are given in the 
following table: 


Creep Rate, per cent per 
= 1000 hr. over indicated 
lemper- Stress time intervals 
ature, deg. 
500 to 800 to 1500 to 
1000 hr. | 1300 hr. | 2000 hr. 
20 000 0.010 © 0.010 
«50 22 500 0.040 0.026 
25 000 0,058 0,046 
| 27 S00 0.15 0.08 
| 5 500 0.013 0.012 
7 500 0.019 0.020 
1000... 10 000 0.045 0.043 0.044 
| 12 500 0.070 0.065 | 0.062 


“ Not reported because of an unexplained increase in 
rate from 900 to 1200 hr. 
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TABLE XIi.—COMPARATIVE SHORT- AND TIME (CREEP) TEST STRENGTH AT 


4 dp Aun. = , diamond pyramid hardness number. 
b Obtained by considerable extrapolation. F 
Nore: All stress values are in pounds per square inch. Two values for the same test represent results from different 


AND 1000 
Average Creep Strength Prediction 
actor 
1 Strength Values 
, 0.1 per cent per 0.01 per cent per 
“an 1000 hr. 1000 hr. 
| | K22 | K22 | K20| K22| K22 | K20 | K22 | K22 
850 F. | 850 F. | 1000 F. pant | 850 F.|1000F.| 850 850 F. 
HOT HARDNESS TESTS | | | 
(a)'(D ynamic (equivalent Brinell) .| 95 95 115 1.6 | 0.4 1.1 1.5 | 0.3 | 1.2 
(b) Vickers, d. P. h.n. ; | 116 | 136 | 119 1.6 | 0.5 | 0.9 | 1.6 | 0.3 | 1.1 
STANDARD SHORT- TIME TENSILE TESTS | | 
(a) Tensile strength (average) | 44060 | 58060 | 47360 | 1.6 | 0.6 | 0.9 1.6 | 0.4 8.5 
(b) Vield strength (average) | 19 640 | 27 500 28210 | 1 | 0.6 1.0 1.4 0.3 1.3 
CONSTANT STRAIN RATE TENSILE TEST | 
(a) Ultimate strength for 0.1 per cent per 1000 hr. | 
strain rate? 7500 45000 | 13500 | 0.7 | 1.1 | 0.7 
... | $2500] 25000] ... | 1.3 | 1.2 
(b) Ultimate strength for 0.01 per cent 1000 | 2500} 42500 | 7000 one 
| 
j SUSTAINED LOAD TENSILE TEST | 
(a) 0.1 per cent per 1000 hr. creep strength? $000 | 39000 11000 | 1.0 | 1.3 0.7 : 
: (b) 0.01 per cent per 1000 hr. creep strength 5 400 | 28 000 7 800 | , | Pe ace 1.1 | 0.9 | 1.0 
; STRESS RUPTURE TEST | 
(a) 10 hr. rupture strength seS wad 33 000 56000 | 42000 | 1.4 | 0.7 | 0.9 | 1.4 | 0.4 | 1.2 
HATFIELD TIME YIELD TEST 
(a) Time yield strength ; aad | 17000 | 6000 | | 1.0 | 0.7 0.8 | 0.9 
... | 18000 | 10000) .. 1.0 1.2 D.8 | 1.6 
(DVM) TEST | 
(a) Permissible stress | 26000 | 1.3 
BARR AND BARDGETT TEST | 
(a) Stress for no relaxation after 48 hr........... 5500 | 13400 | 6000, 1.4 | 0.9 | 0.8 | 1.4 ).6 | 1.0 
... | 11100 | 9 100 | 1 0.8 | 1.2 0.5 | 1.6 
STEP: DOWN REL AXA’ TION “(FLOW RATE) | 
T 
(a) TH for creep rate of 0.1 per cent per 1000 | 
| 6 200 | 9200 | 1.1 — 0.9 
(b) Shen for ¢ rep rate of 0.01 per cent per 1000 
hr. 3700 3500)... 1.2 0.8 
q CONSTANT STRAIN REL AXATION TESTS | | | | 
J (a) 50 hr. Residual Stress 
“Bolt” test 0.9 | rate 0.9 
Continuous test -| 6800]... | 1.2 | 
.| 6500 | 17750 | 10750 | 1.2 | 0.9 | 1.0 | 1.2 | 0.6 | 1.3 
| 16000 | 9600 | 0.8 0.9 6.5 2.3 
) (b) 1000 hr. residual stress | 
“Bolt” | 4850 | 10650| 6600| 1.4 | 0.8 | 1.0 | 1.5 | 0.6 | 14 
Automatic test | 3 500 | 14.000 3800 | 1.0 1.1 | 0.6 | 1.1 | 0.8 | 0.8 
_ CONSTANT STRESS CREEP TESTS (1000 hr.) | | ; | | 
(a) Stress for creep rate, 0.1 per cent per 1000 hr.. 7600 | 28500 | 15 000 | 
. (b) Stress for creep rate, 0.01 per cent per 1000hr.| 3400 | 20000 5 200 | | 
laboratories. h 

Average creep strength _ test strength 

prediction factor _ a Average ratio of test strengths to creep strength 


For example, the factors for the standard short-time tensile strengths were calculated as follows: 
1. Ratios of test strength to creep strengths: 
44060 


( = —— 5. 
(a) K20 at 850 F. = 5.8 
(b) K22 at 850 F. - 2.0 
47360 
(c) K22 at 1000 F. = (oe, = 3.1 
+3 


5.8 
2. Average ratio of test strengths to « reep strengths = -—-—— = 3.633 


3. Calculation of factors: 
(a) KW at SSO F. = 5. = 16 


: (b) K22 at 850 F. = —-= 0.6 


(c) K22 at 1000 F. 
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The creep rates, over the time interval 
from 800 to 1300 hr., were plotted loga- 
rithmically, as shown in Fig. 14. This 
period was selected because the creep 
rates did not become reasonably con- 
stant before that time. The curves 
define the following creep strengths: 


Stress for Indicated Creep Rates, 
Temperature, 
deg. Fahr. 
0.01 per cent 0.10 per cent 
per 100 hr. per 1000 hr. 
850 20 000 28 500 
1000 5 200 15 000 


It was observed that the creep rates 
decreased with time under the higher 
stresses, particularly at 850 F. The 
indications are, therefore, that the re- 
ported creep strengths are lower, as in 
the case of steel K20, than those which 
would have resulted if tests of several 
thousand hours had been conducted. 


CORRELATION OF SHORT-TIME TEST AND 
Lonc-TimE (CREEP) Test STRENGTHS 


All of the strength values obtained 
from the various tests have been as- 
sembled in Table XII. In every case 
except the dynamic hot hardness test, 
the various tests gave results which were 
in the same order as the creep strengths. 
Within the limits of this investigation, 
then, the short-time tests were able to 
distinguish between materials of differ- 
ent long-time strength. It should be 
recognized that this investigation was 
not broad enough in scope to define the 
limits within which this finding would 
hold. 

The accuracy of prediction of creep 
strength by the short-time tests has 
been evaluated on the basis of the ratio 
of the various short-time test results to 
the corresponding creep strengths. In 
order to give easily comparative figures 
“creep strength prediction factors” have 
been computed by averaging the ratios. 
It is important to understand that the 
factors do not directly convert to creep 


strength but rather are comparative 
numbers only. 

On the basis of these factors, it ap- 
pears that the sustained load tension 
test, the Hatfield time-yield test, and 
the DIN (DVM) test are best able to 
predict one or the other of the creep 
strengths. The various relaxation tests 
may have some merit in predicting the 
0.1 per cent per 1000 hr. creep strength. 


- The results, therefore, indicate that the 


above-mentioned tests offer sufficient 
promise toward fulfilling the object of 
predicting long-time behavior to warrant 
further study. 

DIscussION OF RESULTS 

The problem of predicting long-time 
(creep) properties of metals at elevated 
temperatures involves the following prin- 
ciples: 

1. A short-time test result which is 
either the creep strength or some value 
which can be used to predict the creep 
strength. 

2. The ability to predict and allow 
for any metallurgical changes which 
may occur during long-time service and 
thereby change the creep strength. 

It is quite possible that some of the 
tests considered in this investigation 
could be developed to predict creep 
strengths, provided that the materials 
would remain essentially unchanged 
during long-time exposure to stress and 
temperature. The fact that most ma- 
terials do not remain stable is a limiting 
factor on even the standard 1000-hr. 
creep test. 

The metallurgical changes which may 
occur in the metals-can be grouped into 
two classifications: 

1. Strain hardening caused by testing 
stresses far above those ordinarily ap- 
plied in creep testing. Such conditions 
may well, and probably do, result in 
actual tests being run on metallurgically 
different material than are the lower 
stress creep tests. 
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2. Structural changes, such as recrys- 
tallization, spheroidization, precipita- 
tion reactions, and surface attack which 
occur under the combined influence of 
time, temperature, and stress. 

The tests considered in this investiga- 
tion may be grouped into the following 
types: 

1. Empirical tests that on the basis of 
more or less long-iime tests measure some 
value of the material that may be related to 
the creep strength.—This classification in- 
cludes hot hardness, short-time tension, 
constant strain-rate tension, stress-rup- 
ture, Barr and Bardgett, and the various 
relaxation tests. 

Consideration of the test results indi- 
cates that these tests fail to predict long- 
time behavior accurately and consist- 
ently because they either over-stress the 
material, measure a quantity which 
bears norelation to the creep strength, 
or fail to take into consideration possible 
metallurgical changes. 

2. Tests which measure some early 
portion of the standard creep curve.—This 
classification includes the Hatfield time- 
yield and the DIN (DVM) tests. These 
methods may be reliable provided the 
material is stable at the temperature in 
question. ‘That is, the tests are suitable 
provided the limits set up by the tests 
actually hold for the material. It is 
certain that different materials have dif- 
ferent time-deformation characteristics. 
Likewise these tests cannot predict struc- 
tural and surface instability that occurs 
only after prolonged time periods. 

3. Short-time Creep Tests. clas- 
sification has been set up for the sus- 
tained load tension test. It is possible 
that the step down relaxation (flow rate) 
test should be included. 

In the sustained load test actual creep 
rates are obtained by measuring the 
strain rates of tests conducted under 
the same conditions as rupture tests. 
The stresses are all high in comparison 
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with the actual long-time creep test 
stresses. ‘The test, however, attempts 
to relate second stage creep rates deter- 
mined from short-time, high-stress tests 
with the second stage rates from creep 
tests. The short-time tests at higher 
temperatures introduce temperature as 
a variable which may in some degree 
anticipate the metallurgical changes 
which occur only after prolonged time 
at the lower temperatures. The data 
indicated that the test has a limited 
reliability at low temperatures. 

The flow rate test measures creep rates 
under intermittently decreased loads. 
The initial stresses are usually higher 
than those of creep tests, but not to the 
extent of those in many of the other tests, 
This test cannot take into account in- 
stability caused by prolonged testing 
and is a compromise with the amount of 
initial strain hardening. 

The test results accumulated for the 
steels K20 and K22 are probably as near 
ideal as is possible, since both materials 
are quite stable for the time periods 
involved at the temperatures considered. 
Therefore many of the test results cor- 


relate very well with creep properties. 
the same order as the creep test. 

The best correlations between long-. 
the tests which measured actual creep 
rates. ‘These include: 

. . 
Hatfield time-yield test 
DIN (DVM) test 
short-time tests for predicting long-time 
behavior. ‘They should not, however, 
unstable under long-time conditions 
without further confirmation. 
should not be construed to reflect ad- 
versely on the other tests which give 


At least they all gave strength values in 
and short-time tests were obtained from 
Sustained load tensile test 
These tests show the most promise as 
be applied to materials which will be 

Furthermore, this classification of tests 
perfectly good results for a particular 


| | 
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Reproducibility: 

The question of reproducibility of 
results deserves consideration in apprais- 
ing the results of this investigation. 
This factor enters into all of the data 
reported. For instance, a simple value 
such as tensile strength shows as much 
as 20 per cent variation at one tempera- 
ture for one material. In other cases, 
different laboratories obtained widely 
different results from the same test. In 
so far as could be determined both 
technique and judgment in handling test 
data may have influenced results. ‘This 
finding perhaps indicates that any short- 
time tests cannot be expected to yield 
precise predictions of creep test results 
except under extremely careful testing 
conditions Conversely, too much em- 


phasis may have been placed on actual 
creep strengths which are sensitive to 
many metallurgical variations in ma- 
terials. 

The committee recommends that the 
three tests which appear most promising 
be given further study through a more 
thorough survey on other materials and 
at other temperatures, in order to deter- 
mine their sensitivity to variations in 
heat treatments and uniformity of ma- 
terials. 

Although the results of this investiga- 
tion do not emphasize the point, there is 
a great need for a short-time test which 
will predict structural changes which 
markedly affect long-time properties. 
The eventual development of a reliable 
short-time test must necessarily evalu- 
ate this factor. 
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APPENDIX A 
_ DETAILED DESCRIPTION OF 0.50 PER CENT MOLYBDENUM STEEL K22 


The 0.50 per cent Molybdenum steel 
K22 was furnished by the Bethlehem Steel 
Co. from Heat 2A377. This heat was a 
product of a 100-ton basic open-hearth 
furnace. 


Manufacturing Practice: 


Metallic Charge: 


High phosphorus scrap.......... 105 800 Ib. 


De-tinned scrap.............. 25 300 Ib. 
High phosphorus beams...... . 16 500 Ib. 
Ferro-molybdenum............. 440 Ib. 


117 300 lb. 


265 340 |b. 
The following deoxidation practice was 
followed: 

Tu Furnace: 
4000 Ib. 
Spiegel.......... . 1000 lb. 
14 per cent Ferro-silicon... 200 Ib. 
14 per cent Ferro-silicon... 1400 Ib. | 
80 per cent Ferro-manganese 
1400 Ib. 
67 per cent Silicon-Manganese 
1400 Ib. 
In Ladle: 
50 per cent Ferro-silicon 1600 Ib. 
Stick Aluminum... . 260 Ib. (1.95 Ib. 
per ton) 


Thirty-inch corrugated ingots were used 
and teemed through a 1}-in. nozzle. The 
tapping temperature was 2895 F. and the 
teeming temperature 2700 to 2680 F. 

All of the ingots (19) were moved after 
4 hr., stripped, and charged hot into the 
soaking pits. 

The bar stock for Project 25 was made 
from the fifth ingot. After 6 hr. heating 
this ingot was rolled to a 6}-in. square 
billet, converted to a 2}-in. square and 
buried to permit slow cooling. Surface 
inspection revealed this material to be 
entirely satisfactory from the standpoint of 
scale, visible defects, etc. 

McQuaid-Ehn grain size and acid etch 
specimens revealed fine grain (6 to 8) sound 
material, and it was approved for rolling. 
1300 Ib. of the 2}-in. square billet stock was 
rolled to 1-in. round bar stock and yielded 


30 bars 15 ft. long. — @ Prop of the beam yield point. 


Chemical Composition: 

The analyses reported by Bethlehem 
Steel Co. are given in the following tabu- 
lation: 


Chemical Composition, per cent 


<= 

Heat Analysis. | 0.17 | 0.67 | 0.015] 0.028] 0.25 | 0.51 
eck 0.15 0.66 0.014] 0.026} 0.23 | 0.54 


Heat Treatment: 


The 1-in. bar stock was heat treated by 
normalizing and drawing according to the 
following schedule: 

1. Heated to 1650 F., held for 1 hr. and 
40 min., and air cooled, 

2. Reheated to 1200 F., held for 2-hr. 
and air cooled, 

3. Machine straightened, and 

4. Reheated to 1200 F., held for 2 hr., 
and air cooled for stress-relieving. 


Uniformity of Properties: 


The 30 bars were stamped 1A to 30A 
and the opposite ends 1B to 30B. Six-inch 
lengths were cut from each end of each bar 
for room temperature tensile strength and 
Brinell determinations. Tension test speci- 
mens were machined with a 2-in. gage length, 
and 0.505-in. diameter, and subjected to 
tension tests using an autographic recorder. 
The test results are summarized as follows: 


StS 
| 
g2| 2 | | 
Minimum 66 000 | 47 500 | 43 500 |35 72.9 jA31 
Maximum .| 68 500 | 53 000 | 52 500 }38 75.1 {137 
Average 67 278 | 49 368 | 47 746 136.5 174.1 |135 
Maximum vari- 
ation from 
average, per 
cent. va 1 7.36 | 9.95 | 4.11] 1.62] 2.96 
| 


SI 


3 
| 
| | 
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| Brinell Hardness 
Number 
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The following tabulation shows the bars 
grouped according to the maximum per- 
centage variation of any property from the 


| ~ > = 
average of all the bars: | os le 

| ~ a 
13, 15, 18, 19, 21, 23, 25, 2 ie 
1-5 12 Minimum | 66 000 | 47 500 | 45 500 | 44 000 |35.0}72.9}131 
Maximum. | 68 500 | 52 000 49 000 | 51 000 }38.0175.1]137 
Average...| 67 200 | 49 400 | 47 500 | 47 700 
17, 22, 26, 28 Mesimem 
ia- 
average, 
| percent.| 1.93 | 5.27 | 4.21 | 7.76 |4.97]1.88) 2.38 


Bars Nos. 9 and 5 were discarded because 
of comparatively high deviation in propor- 


tional limit. After discarding these bars, 
the uniformity recalculated as follows: 


Note: The individual stress-strain curves and tabu- 
lated values for each bar are filed with the records of 
Project 25 under the heading ‘‘Preparation of K22 Steel.’’ 

4 Drop of the beam yield point. 
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~CHEMICAL COMPOSITION OF PROJECT 25 STEELS 


Two laboratories reported check chemical 
analyses of steels K20 and K22 in addition 
to the analyses originally supplied by the 
steel producers: 


Chemical Composition, per cent 
E 
wn 
= 
Sle 
& 
(| 03 10.19 
K20. {| A none |0.06 
\| B |0.42]0.53 0.19]0.09}0.06} 0.02 
C4 25 0.51 
K22. 23 0.54 
“| A 0.53 
B {0.18}0.61 10.20]0.13]0.09] 0.45 


Consideration of these values led Project 
25 committee to report the following 
analyses: 


Chemical Composition, per cent 
F 

Steel 

a 0.35 | 0.55 | 0.016) 0.03 | 0.19 

ee 0.16 | 0.66 | 0.015} 0.027} 0.24 | 0.53 
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APPENDIX C 
ROOM TEMPERATURE PHYSICAL PROPERTIES OF PROJECT 25 STEELS. 


@ Based on 49 tests from 49 bars. 
Minimum yield streagth between 0.1 and 0.5 per cent offset. 


© Based on 56 tests from 28 bars. 


Offset Yield Strength, | Propore | Elonga-, Reduc- | Brinell 
Sourceof | rensile | Yield psi. Proof Aman tion in | tion of | Hard- 
Steel Data Strength,| Point, | _ ——| Stress, | init. | 2in-, | Area, | ness 
psi. psi. 01 psi. psi. ° per per Num- 
per cent | per cent cent cent ber 
(1) Min.* 68 000 21 500 36.5 62.3 128 
Max.* 70 000 24 000 | 39.0 65.8 131 
A 66 900 46 000 45 000 40 000 41.0 64.5 
66 600 41.0 66.0 
66 600 aie 45 000 45 000 38 000 42.0 66.0 
B 69 000 34.5 64.2 
69 500 34.0 62.8 
D 69 000 45 000 38.5 66.5 
I 68 600 42 800° 33.5 | 65.8 
68 900 42 900” 31.5 | 66.2 
C Min.° 66 000 47 500 44 000 35.0 72.9 | 131 
az.* 68 500 52 000 51 000 38.0 75.1 137 
Avg£ 67 200 49 400 | 47700 36.2 74.3 132 
ar A 67 500 50 000 49 000 40 000 40.0 74.6 
D 66 750 50 000 39.0 73.5 
L 67 000 48 000 45 000 37.5 74.5 134 
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Mr. Ernest L. Roprnson.'—This report 
represents a valuable comparison between a 
large number of different ways of running 
tests at high temperature. It is illuminat- 
ing to have such a complete comparison for 
low-carbon and carbon-molybdenum steel. 

However, certain suppositions which the 
report takes for granted are provocative of 
comment. The fact that all the various tests 
are referred to the. 1000-hr. constant stress 
creep test implies that there is some partic- 
ular virtue in that special test. In order to 
make this appear as a “long-time test’’ cer- 
tain other tests such as the long-time rupture 
test and the “flow rate” type of relaxation 
test (both of which are normally several or 
many times as long as the 1000-hr. creep 
test) are interpreted as short-time tests by 
using only the first few hours of results. 
If this is not a misuse of the data, it is at 
least a misuse of the name. 

It would be quite appropriate to point 
out the shortcomings of the 1000-hr. creep 
test to give proper evaluations of long-time 
rupture strength or relaxation strength. 
Instead, the report implies that all the tests 
listed are attempts to dodge long-time test- 
ing; whereas, this is most certainly not the 
case in a number of these tests. They are 
tests to evaluate properties not revealed or, 
at best, only qualitatively indicated by the 

1000-hr. creep test. Among these tests which 
are useful on their own account are the 
short-time tension test, the long-time 
constant stress rupture test, and the long- 
time constant stress and constant strain 
tests. The latter is called the relaxation 
test, and it yields information on suitability 
for bolting service. 

It would be a valuable job for further in- 
vestigation to correlate the 1000-hr. creep 
test with the longer time properties indicated 
by the other tests, and see to what extent it 
is useful in indicating the desired charac- 
teristics. The shortcomings of the 1000-hr. 
creep test have been discussed elsewhere. 


'Turbine Engineering Dept., General Electric Co., 
Schenectady, N. Y 


DISCUSSION 


Mr. J. S. Wortu.2—Mr. Robinson feels 
the report “implies that there is some 
particular virtue” in the 1000-hr. constant 
stress creep test. The creep test does 
have the virtue of determining a high-tem- 
perature property of metals on which most 
designers of high-temperature equipment 
base their working stresses. This is partic- 
ularly true in the case of the steam power 
equipment industry where tables of maxi- 
mum allowable working stresses have been 
derived mainly from available creep data in 
the range of temperatures where creep 
becomes important. 

The shortcomings of the 1000-hr. creep 
test to which Mr. Robinson calls attention 
should certainly be recognized. This time 
period was chosen by Project No. 25 because 
in the past the majority of creep tests have 
not been longer. Often, however, it is 
necessary to prolong the test considerably 
in order to obtain a reasonably constant 
secondary creep rate, and today, lengthen- 
ing the test seems to be the general trend. 

It was not the intention of the Project to 
imply that every other test investigated is 
useful only asa short-time test. In fact, the 
following statement appears in the report: 
“It should be recognized that some of the 
short-time tests listed above, including 
the step-down relaxation test and the 
constant-strain relaxation test, might be 
considered more or less long-time tests, as 
will be explained in the description of each 
short-time test method.” Instead, it was 
hoped that the results obtained during the 
first few hours of such tests might show a 
definite relationship to the secondary period 
of the creep test and thus provide a rough 
estimate of creep characteristics. 

As it would not have served either the 
primary or secondary objects of the project 
to attempt a correlation of various long- 
time tests with the creep test, it was nec- 
essary to disregard normal long-time results. 


2 Chairman of Project No. 25, Assistant Metallurgical 
Engineer, Bethlehem Steel Co., Inc., Bethlehem, Pa. 
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- REPORT OF JOINT COMMITTEE 


ON 


FILLER 


The Joint A.W.S.-A.S.T.M. Commit- 
tee on Filler Metal was organized and 
continues to function as the means of 
correlating the mutual interests of the 
American Welding Society and the 
American Society for Testing Materials 
in matters relating to standards for filler 
metal. 

Subsequent to the 1943 Annual Meet- 
ing, the Joint Committee on Filler Metal 
presented to the Society through Com- 
mittee E-10 on Standards a proposed 
revision of the Tentative Specifications 
for Iron and Steel Arc-Welding Elec- 
trodes (A233-427T). The revised 
specifications were accepted’ by Com- 
mittee E-10 on October 7, 1943, and 
assigned the designation A 233 — 43 T. 
They appear in the 1943 Supplement to 
Book of A.S.T.M. Standards, Part I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Iron and Steel Arc- 
Welding Electrodes (J. H. Deppeler, 
chairman).—This subcommittee origi- 
nally was composed of the membership of 
the entire main committee. On March 
24, 1944, the Advisory Committee, voted 
by letter ballot to reconstitute the sub- 
committee and reduce its membership 
to manufacturers of electrodes and core 
wire, balanced by an equal number of 
members representing the consumer in- 


1In submitting this recommendation to Committee 
E-10 on Standards, the A.W.S.-A.S.T.M. Joint Committee 
on Filler Metal reported results of the letter ballot vote as 
follows: Of a total membership of 68, 48 members returned 
their ballots, of whom 42 voted affirmatively, 1 negatively, 
and 5 members marked their ballots “‘not voting.” 


METAL 


terests. The subcommittee as recon- 
stituted is to consider further revisions 
in the Tentative Specifications for Iron 
and Steel Arc-Welding Electrodes 
(A 233-43 T) and it is expected that 
revised specifications will be submitted 
for approval later this year. 

Subcommittee IT on Iron and Steel Gas- 
Welding Rods (J. H. Critchett, chair- 
man).—This subcommittee has been 
inactive during the past year, but it 
plans to resume its activity and review 
the Tentative Specifications for Iron and 
Steel Gas-Welding Rods (A 251 - 42 T) 
to determine if there is need for ampli- 
fying or revising them. 

Subcommittee IIIT on Aluminum and 
Aluminum-Alloy Filler Metal (G. 0. 
Hoglund, chairman).—This subcommit- 
tee, which prepared the Tentative Speci- 
fications for Aluminum and Aluminum- 
Alloy Metal Arc Welding Electrodes 
(B 184-43 T) is planning to prepare 
specifications for aluminum and alumi- 
num-alloy gas welding rods. 

Subcommittee IV on High-Alloy Steel 
Filler Metal (R. D. Thomas, chairman). 
—-A second draft of proposed tentative 
specifications for stainless-steel arc-weld- 
ing electrodes has been prepared and 
referred to the members of the subcom- 
mitteeforcomment. Thesespecifications 
will be considered at the June meeting of 
the subcommittee, being held in conjunc- 
tion with the Annual Meeting of the 
Society, following which it is expected 
they will be submitted to the main 
committee. 
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Subcommittee V on Nickel and Nickel- 
Alloy Filler Metal (O. B. J. Fraser, chair- 
man).—During the past year a tentative 
draft of specifications for filler metal of 
nickel, monel, inconel, illium and the sev- 
eral Hastelloy compositions was prepared 
and discussed with the manufacturers of 
these compositions. Sufficient data were 
not available for illium and the Hastel- 
loys and it appears that the initial 
specifications will have to be confined to 
the other materials mentioned. It is 
expected that a tentative draft of the 
specifications Will be submitted shortly 
for consideration by the subcommittee 
following which approval of the specifi- 
cations will be requested. 

Subcommittee VI on Copper and Copper 
Alloy Filler Metal (C. E. Swift, chair- 
man).—This subcommittee is in its first 
year of operation and is engaged in the 
preparation of specifications for copper 
and copper-alloy electrodes, which it is 
expected will be available in the near 
future. 

Subcommittee VII on Electrode Chart 
(J. H. Humberstone, chairman).-—This 
subcommittee has been organized to 
prepare a chart showing the various 
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trade names and manufacturers of elec- 
trodes under each of the classifications of 
the Tentative Specifications for Iron 
and Steel Arc-Welding Electrodes 
(A 233-43 T). Consideration will also 
be given to the preparation of a similar 
chart for gas-welding rods. 


The election of officers for the ensu- 
ing term of two years resulted in the 
selection of the following: 

Chairman, J. H. Deppeler. ; 

Vice-Chairman, O. B. J. Fraser. 

Vice-Chairman, J. H. Humberstone. 

Secretary, S. A. Greenberg. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 70 members; 50 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
J. H. DEPPELER, 
Chairman. 
L. M. DALCHER, 
Secretary. 
S. A. GREENBERG, 
Acting Secretary. 
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REPORT OF COMMITTEE B-1 
ON 
COPPER AND COPPER ALLOY WIRES FOR ELECTRICAL CONDUCTORS 


Committee B-1 on Copper and 

_ Copper-Alloy Wires for Electrical Con- 
ductors held no meetings during the year, 
prior to a meeting on June 28, 1944, 


* } but has carried on constructively through 


- correspondence the work reported herein. 
The committee now consists of 46 
members, of whom 21 are classified as 


general interest members. 

The present officers of Committee B-1 
have been re-elected for the ensuing 
term of two years. In addition, FE. H. 
Kendall has been elected Acting Secre- 
tary pending return of the secretary, 
Lt. Col. H. H. Stout, Jr., from service 
overseas. 


q 
4 producers, 16 as consumers, and 9 as 


I. New TENTATIVE STANDARD 


The committee recommends that the 
Emergency Specifications for Lead- 
Coated and Lead-Alloy-Coated Copper 
Wire for Electrical Purposes (ES — 1a)! 
be accepted for publication as tentative, 
with the following changes: (/) elimina- 
tion of reference to hard-drawn wires, 
and deletion of provisions relating 
thereto; (2) addition of the word “‘soft”’ 
in the title and scope; and (3) changes 
in the numerical values of requirements 
for resistivity to those prescribed in 
the Standard Specifications for Tinned 

Soft or Annealed Copper Wire for Elec- 
trical Purposes (B 33 -- 39), 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 46 members; 39 mem- 
bers returned their ballots of whom 32 


11942 Book of A.S.T.M. Standards, Part I, p. 943. 


have voted affirmatively, 0 negatively, 
and 7 members marked their ballots 
“not voting.” 


II. Revision or STANDARD, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption revisions in the Stand- 
ard Specifications for Concentric-Lay- 
Stranded Copper Conductors, Hard, 
Medium-Hard, or Soft (B 8 - 41),? as 
set forth below, and accordingly asks 
for a nine-tenths affirmative vote at 
the Annual Meeting in order that these 
modifications may be referred to letter 
ballot of the Society. 

Section 1 (a).—Change to read as fol- 
lows by the addition of the italicized 
words: 


1. (a) These specifications cover concen- 
tric-lay-stranded conductors made from round 
copper wires, either uncoated or coated with tin, 
lead, or lead-alloy, for general use for electrical 
purposes. 

Section 2.—Change Paragraph (a) to 
read as follows by the addition of the 
italicized words: 

2. (a2) The purchaser shall designate the 
type of wire and the kind of coating, if any, to 
be used in the conductor. 


At the end of Paragraph (0), add to 
the list of approved specifications for 
copper wire which may be used in the 
manufacture of these stranded conduc- 
tors a reference to the new ‘Tentative 
Specifications for Lead-Coated and Lead- 
Alloy-Coated Soft Copper Wire for Flec- 
trical Purposes, referred to above. 


0bid., p. 712. 
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Section 6.—Change the first sentence 
of Paragraph (a) to read as follows by 
the addition of the italicized words: 


Tests for the physical and electrical proper- 
ties of wires composing conductors made from 
annealed copper wire or from tinned, lead- 
coated or lead-alloy-coated soft copper wire may 
be made before stranding or on wires removed 
from the conductor. 


Change Paragraph (0) to read as fol- 
lows by the addition of the italicized 
words: 


(b) If a tinning, lead-coating, or lead-alloy- 
coating test is required, it shall be made on the 
wires prior to stranding. 


These additions, which make these 
specifications applicable to lead or lead- 
alloy coated wires when desired, make 
obsolete the present Emergency Alter- 
nate Provisions EA — B 8 covering these 
materials and steps are accordingly being 
taken to have these alternate provisions 
withdrawn. 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 46 members; 38 mem- 
bers returned their ballots, of whom 33 
have voted affirmatively, 0 negatively, 
and 5 members marked their ballots “not 
voting.” 

The committee is also planning to sub- 
mit to the Standards Committee a pro- 
posed Tentative Method of Test for 


* See Editorial Note, below. 


of 


~ Subsequent to the Annual Meeting, Committee B-1 presented to the Society 
through Committee E-10 on Standards the proposed Tentative Method of Test 
for Resistivity of Copper and Copper Alloy Electrical Conductors referred to 
in the report. This recommendation was accepted by Committee E-10 on 
August 28, 1944, and the new tentative method will appear in the 1944 Book of 
A.S.T.M. Standards, Part I, p. 1545, under the designation B 193 - 44 T. 
On the same date, the Standards Committee approved the withdrawal of 
the Emergency Specifications for Lead-Coated and Lead-Alloy-Coated Copper 
Wire for Electrical Purposes (ES -1a) and Emergency Alternate Provision 
EA — B 8 in line with the actions set forth in this report. 
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EDITORIAL NOTE 


Resistivity of Copper and Copper Alloy 
Electrical Conductors* which is applic- 
able to strip, rods, bars, tubes, and 
shapes. 

A proposed method for determining 
the resistivity of copper and copper- 
alloy wires for electrical conductors will 
also be prepared. 

A subject group is being appointed to 
prepare recommendations for considera- 
tion by the committee relative to values 
for the lengths of lay for inclusion in 
Table II of the Tentative Specifications 
for Bunch-Stranded Copper Conductors 
for Electrical Conductors (B 174 — 42T). 

A subject group is also being appointed 
to study and report to the committee 
desirable modifications in the specifica- 
tions for stranded conductors to pro- 
vide for necessary overages in area to 
allow for subsequent processing or for 
particular purchaser’s requirements, 


This report has been submitted to 
letter ballot of the committee which 
consists of 46 members; 38 members re- 
turned their ballots, of whom 36 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


J. H. Foorr, 

Chairman, 

E. H. KENDALL, 
Acting Secretary. 
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REPORT OF COMMITTEE B-2 


ON 


NON-FERROUS METALS AND ALLOYS 


Committee B-2 on Non-Ferrous Met- 
als and Alloys held one meeting during 
the past year, on June 30, 1943, in 
Pittsburgh, Pa., during the 1943 Annual 
Meeting of the Society. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Refined Copper 
(J. L. Christie, chairman) has reviewed 
the embrittlement test requirements in 
the Tentative Specifications for Oxygen- 
Free Electrolytic Copper Wire Bars, 
Billets, and Cakes (B 170 — 43 T) and 
recommends that the following proposed 
revision in these tentative specifications 
be submitted to Committee E-10 on 
Standards:! 

Section 6 (a).-Change to read as 
follows by the addition of the italicized 
words and figures: “6. (a@) Test speci- 
mens, prepared from samples forged or 
hot-rolled and cold-drawn into wire of 
No. 6 B. & S. gage (0.162 in.) to No. 12 
B. & S. gage (0.080 in.), shall be annealed 
in an atmosphere of hydrogen for 20 
min. at 800 to 875 C. (1472 to 1607 F.) 
and shall withstand the bend test 
specified in Paragraph (6).” 

This modification reconciles the speci- 
fications with those promulgated by 
Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought. 

Consideration was given to the publi- 
cation of the Emergency Specifications 
for Fire-Refined Copper for Wrought 
Products and Alloys (ES - 7) as tenta- 


1 See Editorial Note, p. 221. 


tive. The subcommittee, after con- 
ferring with members of Committee 
B-5, recommends that the specifications 
be continued as an emergency standard; 
and has appointed a subgroup to draw 
up tentative specifications to cover the 
type of copper in question. 

At the suggestion of Division B of 
Committee E-3 on Chemical Analysis of 
Metals, an editorial change is being 
made in the Standard Specifications for 
Fire Refined Copper Other than Lake 
(B 72 - 33). The number of decimal 
places to which the chemical composition 
is given is being changed by deleting 
from the minimum for copper the last 
two zeros after the decimal point, and 
from the maximum for each of the 
impurities listed, the last zero after the 
decimal point. It is believed that these 
editorial changes are in line with ana- 
lytical precision. 

On the recommendation of the Co- 
ordinating Committee on Non-Ferrous 
Metals and Alloys, the subcommittee is 
accepting sponsorship for the various 
coppers containing small amounts of 
added elements such as arsenic, phos- 
phorus, and silver. 

Subcommittee II on Refined Lead, Tin, 
Antimony, and Bismuth (T. A. Wright, 
chairman) has been inactive. The sub- 
committee has been requested, however, 
to reconsider the advisability of drawing 
up specifications for antimony and 
for tin. 

Subcommittee III on White Metal 
Alloys (G. H. Clamer, chairman) recom- 
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mended editorial changes in the Appendix 
of the Tentative Specifications for Soft 
Solder Metal (B 32 — 40 T), including 
the addition of three nominal compo- 
sitions, and that the specifications be 
continued as tentative. 

A subgroup has been appointed to 
review Emergency Alternate Provisions 
EA — B 23a in the Standard Specifica- 
tions for White Metal Bearing Alloys 
(Known Commercially as ‘Babbitt 
Metal”) (B 23 — 26) and Emergency 
Alternate Provisions EA — B 32a in the 
Tentative Specifications for Soft Solder 
Metal (B 32 — 40 T) and to make recom- 
mendations regarding additions to and 
deletions from the alloys listed in line 
with W.P.B. tin order M-43. These 
revisions will be presented to Committee 
E-10' subsequent to the Annual Meeting. 

Subcommittee IV on Refined Zinc and 
Wrought Zinc (E. H. Bunce, chairman), 
at the request of Committee B-6 on 
Die-Cast Metals and Alloys, has con- 
sidered certain reductions in impurity 
content of the special high grade slab 
zinc in the Standard Specifications for 
Slab Zinc (Spelter) (B 6 — 37) and is 
submitting the suggested changes to 
letter ballot. 

Subcommittee V on Precious Metals 
and Alloys (R. H. Leach, chairman) has 
had no assignments. 

Subcommittee VI on Coated Metals is 
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without a chairman. W. G. Schneider, 
having changed his employment, has 
resigned. Arrangements are being made 
for the election of a new chairman. 

Subcommittee VII on Refined Nickel 
and High Nickel Alloys, Cast and Wrought 
(O. B. J. Fraser, temporary chairman) 
has not met during the past year. This 
subcommittee is currently reviewing the 
various standards under its jurisdiction 
prior to the printing of the 1944 Book of 
A.S.T.M. Standards. 


The election of officers for the ensuing 
term of two years has resulted in the 
selection of the following: 

Honorary Chairman, G. H. Clamer. 

Chairman, E. E. Thum. 

Vice-Chairman, R. H. Leach. 

Secretary, G. Howard LeFevre. 


This report has been submitted to 
letter ballot of the committee which 
consists of 117 members; 72 members 
returned their ballots, of whom 68 have 
voted affirmatively, and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
L. Curisttr, 


Acting Chairman. 
C. E. SWARTZ, 


Secretary. 


NOTE 


Subsequent to the Annual Meeting Cauiitite B-2 presented to the 
Society through Committee E-10 on Standards proposed revisions in the 
Tentative Specifications for Oxygen-Free Electrolytic Copper Wire Bars, 
This recommendation was accepted by 
the Standards Committee on September 21, 1944, and the revised tentative 
specifications appear in the 1944 Book of A.S.T.M. Standards, Part I, p. 1522, 


Billets, and Cakes (B 170-43 T). 


under the designation B 170-44 T. 
On October 24, 


1944, the Standards Committee accepted revisions in 


Emergency Alternate Provisions EA — B 23a applying to the Standard 
Specifications for White Metal Bearing Alloys (Known Commercially as 
“Babbitt Metal”) (B 23-26) and in Emergency Alternate Provisions 
_ EA-B 32a applying to the Tentative Specifications for Soft Solder Metal 
— (B 32-40 T), as recommended by Committee B-2. The revised emergency 
_ alternate provisions appear in the 1944 Book of A.S.T.M. Standards, Part I, 
under the designations EA—- B 23b and EA -B 32b, respectively. 
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REPORT OF COMMITTEE B-3 


ON 


CORROSION OF NON-FERROUS METALS AND ALLOYS 


Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys held a meeting 


in Pittsburgh, Pa., on June 29, 1943, and 


in Cincinnati, Ohio, on February 29, 
1944. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, H. S, Rawdon. 

Vice-Chairman, R. W. Waring. 

Secretary, A. W. Tracy. 

The committee consists of 84 members, 


_ of whom 66 are voting members; 32 are 


j 


— 


classified as producers, 22 as consumers, 
and 12 as general interest members. 


I. New TENTATIVE STANDARD 

The committee recommends for pub- 
lication as tentative a Method of Al- 
ternate Immersion ‘Testing of Non- 
Ferrous Metals.' 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 66 voting members; 55 
members returned their ballots, of whom 
44 have voted affirmatively, 1 negatively, 
and 10 members marked their ballots 
“not voting.” 


II. Revision oF TENTATIVE 
STANDARD 

The committee recommends an ex- 
tensive revision of the Tentative Method 
of Salt Spray Testing of Non-Ferrous 
Metals (B 117 — 41 T).! 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 66 voting members; 
54 members returned their ballots, of 
whom 42 have voted affirmatively, 1 

1 This method was accepted as tentative by the Society 


god qpocers in the 1944 Book of A.S.T.M. Standards, 
artl. 


negatively, and 11 members marked 
their ballots “not voting.” _ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Total Immersion 
Test (A. W. Tracy, chairman).—A work- 
ing group has been appointed to study 
the applicability of the Recommended 
Practice for Conducting Plant Corrosion 
Tests (A 224-41) to the corrosion of 
non-ferrous metals, and to suggest any 
revisions necessary for its approval for 
use in this field. 

Subcommittee II on Alternate Immer- 
sion Test (H. W. Schmidt, chairman).— 
The subcommittee has prepared a de- 
tailed description of the alternate immer- 
sion test method to conform with that 
of the Tentative Method of Total Im- 
mersion Testing of Non-Ferrous Metals 
(B 185 - 43 T) which is being submitted 
herewith for publication as tentative. 

Subcommittee III on Spray Test (C. E. 
Heussner, chairman).—At its meeting 
in Cincinnati, members of this subcom- 
mittee agreed that considerable work 
needed to be done on standardization of 
the details of the Tentative Method of 
Salt Spray Testing of Non-Ferrous 
Metals (B 117-417) to make it ac- 
ceptable to all interested parties. 

On March 15, 1944, a special meeting 
was held at the National Bureau of 
Standards which was attended by repre- 
sentatives of several Government agen- 
cies and A.S.T.M. committees interested 
in the salt spray test. A method was 
drafted at this meeting from which it 
appears that a satisfactory salt spray 
test procedure agreeable to the A.S.T.M. 
and all interested agencies may be 
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formulated. The revised method is now 
ready for publication in the 1944 Book 
of A.S.T.M. Standards. 

Subcommittee VI on Atmospheric Cor- 
rosion (W. H. Finkeldey, chairman).—A 
report on the results of tests on specimens 
cut from plates exposed to the atmos- 
phere for ten years has been prepared by 
the subcommittee and is appended 
hereto. 

Subcommittee VII on Weather (F. L. 
LaQue, chairman).—This subcommittee 
has confined its activities to correspond- 
ence with the Research Committee on 
Climatology of the American Geophysi- 
cal Committee working towards co- 
operation at some more appropriate time 
in measuring those weather factors that 
are important in atmospheric corrosion. 

Subcommittee VIII on Galvanic and 
Electrolytic Corrosion (L. J. Gorman, 
chairman).—The galvanic couples on 
exposure at Kure Beach, Wilmington, 
N. C., were inspected and the contact 
resistance checked in November, 1943. 
The couples on exposure at New York, 
N. Y., were inspected and the contact 
resistance checked in February, 1944. 
The contact resistance in all of the 
couples at Kure Beach was low except 
as follows: 

1. The mild-steel couples still on 
exposure are open-circuited, as re- 
ported in the previous inspection. 

2. Some of the 24ST aluminum couples 
have developed high-contact re- 
sistance. Resistances as high as 
3000 ohms were measured on some 
of these couples. 

The contact resistance of the couples 
exposed at New York was low in all 
cases, including the mild-steel couples 
still on exposure. 

Aside from that mentioned above, 
there was no apparent change in the 
appearance or condition of the couples 
over that reported in the previous 
inspection. It is planned to inspect the 
couples at State College, Pa., and 
Altoona, Pa., during the summer. 

As mentioned in the previous report, 
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it is planned to obtain new specimens of 
mild steel in which the copper content is 
higher than that of the mild steel 
initially used. The copper in the first 
mild steel specimen amounted to 0.018 
per cent. The new specimen will have a 
copper content of 0.05 to 0.08 per cent. 
The stainless steel disks for the new 
couples are being machined by the Union 
Carbon and Carbide Co. The mild steel 
for these couples has not been delivered 
at this time. Additional material has 
been received for the 24ST aluminum 
specimens. 

The A.S.T.M. test racks at I Jolla, 
Calif., are being repaired and will soon 
be ready to receive specimens. The 
galvanic couples for exposure, with 
exception of the mild steel, are on hand 
and will be shipped to La Jolla as soon 
as the racks are ready and as soon as the 
mild-steel specimens have been received 
and assembled. 

Subcommittee VIII in conjunction 
with Subcommittee IV of A.S.T.M. 
Committee B-7 on Light Metals and 
Alloys, Cast and Wrought, has under 
consideration a program for testing 
magnesium and magnesium alloys in 
couple combination with other metals. 
Arrangements have been made with 
Subcommittee IV of Committee B-7 to 
prepare a tentative program which will 
be submitted to Subcommittee VIII for 
consideration. A subgroup of Subcom- 
mittee VIII, including representation 
from Subcommittee IV, will be appointed 
to work out the details of this program. 


This report has been submitted to 
letter ballot of the committee which 
consists of 66 voting members; 61 
members returned their ballots, of whom 
58 have voted affirmatively, and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 


Tour, 
Chairman. 
A. W. Tracy, 
Secretary. 
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REPORT OF SUBCOMMITTEE VI ON ATMOSPHERIC CORROSION 
TESTS OF NON-FERROUS METALS AND ALLOYS 


This report is a continuation of the 
1943! report of Subcommittee VI in 
which was presented the data gathered 
from the tension tests and weight loss 
determinations made on specimens re- 
moved after approximately ten years’ 
exposure to the atmosphere at the vari- 
ous test locations. Detailed information 
concerning the testing procedures used, 
summary of meteorological data for the 
10-yr. period, and visual appearance of 
the corroded metals and alloys, etc., was 
given in the 1943 report. The tension 
test results on specimens cut from the 
corroded and chemically cleaned 9 by 
12-in. plates, not completed in time for 
inclusion in the 1943 report are given in 
this year’s report. Also included are 
such conclusions as the committee be- 
lieves can be drawn at this time. 


COMPILATIONS OF REFERENCE DATA 


Since the end of the 10-yr. exposure 
period roughly marks a halfway point 
in the investigation, as originally planned 
by the committee, it is considered ad- 
visable to include in this year’s report 
compilations of certain test data and the 
results of various calculations based upon 
them (Tables VI to XII, inclusive) in 
order that this information might be 
readily available in a series of tables 
instead of being scattered throughout 
several reports. No tabulation of weight 
loss data for Rochester is included in 
this report since at this location the 
rack was dismantled and the test speci- 
mens destroyed in 1942. For the sake 
of completeness, certain data already 
published in the 1943 report have been 


1 Proceedings, Am. Soc. Testing Mats., Vol. 43, p. 137 
(1943) 
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included in these tabulations. Data 
covering tests of materials removed from 
the racks after exposure periods shorter 
than ten years have had to be omitted 
because of space limitations. However, 
a study of the trend of corrosion in any 
one of the metals or alloys included in 
these tests may be made by referring to 
the tables of test data included in the 
committee’s previously published re- 
ports’ covering the 1-yr., 3-yr., and 
6-yr. exposure periods. A complete 
description of all the metals and alloys, 
included in this investigation, and in- 
formation with regard to their physical 
properties, chemical composition, process 
of manufacture, rolling treatment, and 
metallographic structure appeared in the 
1932 report of the subcommittee.* 


Loss in WEIGHT DATA 


Loss in weight data obtained by weigh- 
ing the chemically cleaned 9 by 12-in. 
plates after approximately ten years’ 
exposure in the various atmospheres was 
given in the 1943 report as the total loss 
in grams for each plate. These data, to- 
gether with various calculations based 
thereon, are again included in this year’s 
report, and appear in Tables VI to XII, 
inclusive. 

The total loss in weight in grams for 
each plate over the 10-yr. period has been 
converted into ounces per square foot 
using the following formula: 


avg. wt. change, 


loss i i . .ft. = 
oss in weight, oz. per sq. ft 428 


2 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part 
I, p. 234 (1933); Vol. 35, Part I, p. 142 (1935); and Vol. 38, 
Part I, p. 194 (1938). 

3 Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, 
p. 201 (1932). 
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_ Similarly, the loss in grams per plate 


has been converted to milligrams per 


square centimeter for the 10-yr. exposure 


period using the formula: 
loss in weight, mg. per sq. cm. 


_ avg. wt. change, mg. 
1403 


The average penetration in inches for 
the 10-yr. exposure period has been 


calculated from the formula: 


density, g. per cu. cm. 


average penetration, in. 


The density figures used in making 
these calculations were the same as those 
published in the subcommittee’s report 
for 1933.4 

Each of the foregoing calculations was 
made on the losses for each of the two 
plates representing a given metal or 
alloy, and the average of these individual 
results is reported in the tables. 


TENSION TESTS ON SPECIMENS CUT FROM 
CORRODED AND CHEMICALLY CLEANED 
9 py 12-1In. PLATES 


Drop in tensile strength has been 
used by the committee, from the start 
of this investigation, as a measure of 
corrosion. In reviewing results of tests 
made on specimens after 1, 3, and 6 yr. 
exposure, the question has often been 
raised as to what effect corrosion taking 
place at the edges of the test section 
(notch effect) might have on the tension 
data obtained from such specimens. An 
attempt has been made to develop some 
information on this point by making 
tension tests on specimens cut from the 
corroded and chemically cleaned 9 by 
12-in. plates, since such specimens have 


* Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I 
D. 234 (1933). 
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freshly machined edges from which any 
notch effects due to corrosion are absent. 

The procedure followed in obtaining 
from the corroded plates after approxi- 
mately ten years’ exposure sixteen ten- 
sion test specimens of each material was 
described in detail in the 1943 report. 
Results of the tension tests made on 
these specimens are reported in Tables 
VI to XII as average tensile strengths. 
These results are recorded in two ways. 
In one case, the tensile strength in 
pounds per square inch was determined 
from the breaking load using a cross- 
sectional area of the test specimen calcu- 
lated from the actual thickness and width 
of the test section, determined by mi- 
crometer caliper measurements, and the 
results of the sixteen individual tests were 
averaged. In the second case, the ulti- 
mate tensile strength was calculated 
from the average breaking load on the 
basis of a test section area found by 
multiplying the actual average width of 
the test section, as measured by mi- 
crometer calipers on the sixteen speci- 
mens, by the original thickness of the 
9 by 12-in. plates before they were ex- 
posed to the atmosphere. ‘This original 
thickness was determined by averaging 
the thickness of the individual tension 
specimens used in determining the origi- 
nal or initial tension test values for a!l 
materials. Since in every instance ex- 
cept one (material F) all the specimens, 
both for tension testing and the 9 by 
12-in. plates, were cut from one strip of 
rolled metal, it may be assumed that the 
average thickness of any group of ten- 
sion specimens cut from this rolled strip 
would probably represent, with reason- 
able accuracy, the average thickness of 
all of the particular material, and there- 
fore may be assumed to be the original 
thickness of the plates before they were 
exposed to corrosion in the atmosphere. 

In the first instance mentioned above, 
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the standard deviation was determined 
for each set of sixteen tension specimens 
representing a given material and is 
reported along with the average tensile 
strength in Tables VI to XII. 

In the last column of Table I are 
given data on tension tests of specimens 
cut from spare 9 by 12-in. plates stored 
at the Bureau for 10 yr. These “storage” 
tension data were used in determining 
the percentage change in tensile strength 
(reported in Tables VI to XII) of the 
specimens cut from the exposed 9 by 
12-in. plates. Both sets of plates were 
chemically cleaned before cutting out 
tension specimens. 


CHANGES IN TENSILE STRENGTH OF _ 


STORAGE SPECIMENS 


A study of the data obtained from 
tension tests of specimens exposed for 
1-, 3-, 6-, and 10-yr. periods shows that 
in a number of cases, particularly where 
the amount of corrosion suffered is 
small, the specimens actually show in- 
creases in strength instead of decreases 
when compared with the initial tension 
tests made on the materials before they 
were exposed to the atmosphere. This 
possibility was anticipated by the com- 
mittee when the tests were first planned, 
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Original and storage set data for material F specimens exposed only at Phoenix and La Jolla. 


5 
So 10 51 3 6 S| 3 6 10 
56 000 — 67000 55000 
| Material N | Material O Material P | 
Metal Dur alumin + — Cu-M-Zn Alloy 
54000 65000 53000 
(70Cu,29Zn, 1$n) (4Cu,0.5Mn,0.5Mo, H 
a | | Balance Al (75 Cu,20Mi, 52n) 
‘a1000} Material 140001 —\wateriol | 
Mi-Cu Alloy Material Z 
H 
72000 }+-Comm. Ni +4 41000 + 
| (99+M) | Ma- Si Alloy 
| | 0.5Mg, /Si) 
~ 77000 | 39000 
| | | 
| 
32000} Material 20000 }~—Materia/ BB} 20000 
© Comm. Zinc Comm. Zinc omm. Zinc 
4 Western Grade ] 
Zn, 085 Pb) 
> 30000: 18000 (High Grade) 18000 +— ++ 
9+2Zn) | (Spec High Grade} 
(99 Zn) 
28000 16000 * 16000 “++. 
‘oo! 3 10 ol 3 6 “ol 3 6 10 
5 5 
Years 
Fic. 5.—Tension Data of Storage Specimens. 
> 
TABLE I.—SUMMARY OF TENSION DATA OF STORAGE SPECIMENS. 
Original After Storage 
10 yr., Cut from 
Material ‘ie lyr. 3 yr. Oyr 00 yr 9 by 12-in. Plates 
pv | Dev. sea. | sel. | |, | | 
Dev | Dev Dev Dev. Dev. 
ey as 35 200 556.8 | 34 180 584.3 | 33 380 157.3 | 33 570 46.9 | 33 660 167.2 34 280 150.9 
B set oo ee 275.4 | 35 380 168.2 | 35 680 313.5 | 35 460 184.2 | 36020 307.4 35 080 123.6 
Cc 59 070 679.9 | 59 620 1836.0 | 58 950 665.2 | 59 480 $84.2 | 58 490 626.3 12 880 292.0 
D 58930 | 300.1 | 58280 | 786.4 | 57770 | 584.7 | 56780 | 488.3 | 58380 | 212.4 4840 | 629.5 
F* is 74 070 734.9 | 75 830 | 1033.0 | 77 400 731.4 | 77 130 969.8 | 76.030 52.2 - — 
F? $2 860 | 1133.0 | 83320 | 1772.0 | 83920 900.5 | 83750 | 1443.0 | 84 430 756.8 85 860 855.1 
G ; 16 410 68.7 | 16 220 40.2 | 16410 112.4 | 16 700 53.2 | 16920 75.5 17 190 55.3 
I 20 450 243.8 | 20510 226.0 | 20 490 102.5 | 20440 87.3 | 20 640 62.9 20 710 116.5 
K .. {122 000 |°4422.0 |121 710 | 3241.0 |132 370 | 6695.0 |123 560 | 3114.0 |121 130 | 3992.0 | 121970 | 4223.0 
L 39 900 335.5 | 40 750 393.8 | 40 980 472.6 | 40 870 672.3 | 41 300 413.3 41 160 477.4 
M : 48 080 351.2 | 48 520 226.0 | 48 880 662.1 | 48 320 721.3 | 48 970 467.5 §2 510 388.7 
7  - 54 960 318.0 | 53.920 401.3 | 54 200 258.2 | 54 100 305.5 | 54 350 423.3 55 090 198.3 
0 63 760 617.9 | 65 430 780.8 | 65170 | 420.6 | 65 150 285.8 | 65 710 542.5 66 380 277.9 
} P ..| 54330 | 357.2 | $4000 | 479.6 | 52680 | 389.5 | 53100 | 447.2 | 52710 | 872.8] 54040 | 387.1 
Q .- 76790 | 3803.0 | 75 750 | 2917.0 | 77100 | 2433.0 | 78 300 | 4546.0 | 78 800 | 5724.2 67 680 155.0 
7 S ..| 79 390 | 1278.0 | 77 930 702.0 | 79150 | 522.0 | 79050 377.5 | 79 420 485.0 79 650 862.5 
T 71 100 637.4 | 72 050 987.8 | 73080 | 227.0 | 73000 611.0 | 73170 923.0 73 350 775.6 
ac 2 580 54.8 2340 | 28.5 2 310 | 16.3 2 300 25.7 2 350 54.1 2 240 19.6 
| ORS: 39 980 | 835.8 | 40450 | 143.5 | 41160 | 342.0 | 42170 83.3 | 42720 | 273.0] 42840 | 482.6 
een: 29940 | 298.2 | 29 600 | 200.0 | 29530 | 309.4 | 29380 | 90.8] 29080 | 211.9] 28540 | 157.6 
BB 18 280 | 148.0 | 18580 | 69.6 | 18330 | 125.2 | 18800 | 152.7 | 17970 73.7 | 17520 63.4 
cc 3 480 75.8| 3210 | 33.4] 3230 18.1] 3150; 41.3] 3250 13.8 3 050 36.8 
EE 3 760 143.4 3 390 117.5 3 260 92.8 3450 | 45.1 3330 | 77.2 3630 | 47.5 
FF 58790 | 657.7 | 59530 | 484.6 | 59300 | 921.4 | 59470 | 819.8 | 59940 | 944.4] 59200 | 2492.0 
HH | 18 280 167.7 | 18570 | 159.5 | 18 430 134.8 | 19120 | 205.2 | 16690 | 245.8 19 150 317.8 
° Original ‘and, storage set data for material F specimens € xposed at at ae “New York, San Sandy Hook, ~ Rochester, 
State College, and Key West. 
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TABLE II.—GRADED SUMMARY OF TOTAL 
TEN YEARS 


9 by 12-in. plates, chemically cleaned. 


LOSSES 
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IN WEIGHT (IN GRAMS) AFTER APPROXIMATELY 


EXPOSURE 


Industrial or Semi-Industrial Sea Coast Rural 
New York, | Sandy Hook,| Key West, La Jolla, |StateCollege,} Phoenix, 
Position | Pa-| Fla. Cali Penna. Ariz 
Exposed Exposed Exposed Exposed Exposed Exposed Exposed 
3377 days, 3426 days, 3449 days, 3402 days, 3336 days, 3386 days, 3323 days, 
9.25 yr. 9.38 yr. 9.45 yr. 9.32 yr. 9.14 yr 9.27 yr 9.10 yr. 
Z —2.34| FF —2.35|0 —0.16| FF T —1.38 | I —0.09| G —0.01 
G —2.36 | Z —2.70| G —0.21 | Z —0.18| FF —1.61| FF -—0.10| I —0.01 
Diseninets FF —2.60 ; —3.04 | Z —0.36 | I —0.33 | F —2.18 | G —0.12 | FF —0.01 
4 Oo —5.25 | I —3.92 | I —0.51| G —0.35 | I —2.20 | Z —0.16 | Z —0.02 
5 I —5.92 | O —4.50| FF  —0.57| O —0.64 |S —2.22 | O —0.21 | O —0.04 
CC -—8.65| CC —5.01 | CC —1.49 | Z —2.41) 5S —1.47 | T —0.37 
U —10.82 | U —6.77 | U —1.92| G —2.72 | T —1.95| S —0.48 
ey B —14.38 | EE —12.25 | EE — F —3.60 | ¢ —3.37 | F —2.16 | F —0.69 
9.. A —14.75 | B —14.49/| S —7.89 | P —3.69| M —3.50 | K —3.59| Q —0.95 
10 EE —15.65| A —14.97 | A —8.24| HH —3.84| P —3.81 | D —4.11 | P —1.12 
a Oo —16.27| S —16.61 | B —8.53 | N —4.39 | N —4.69 | P —4.36 | HH —1.18 
ae S —17.30 | C —18.63 | T —9.35 | M —4.40| O —5.71 | Q —4.36 | N —1.19 
D —18.13 | F —18.67| M —11.97; Q —4.43 | U —6.56| EE —4.55}| L —1.25 
F —18.73 | D —22.55 | P —12.95| BB —4.57| L —7.38 | M —4.74| K —1.29 
N —19.68 | P —22.67|N —13.66| AA —S5.24| CC —9.56| N —4.80 | M —1.36 
ar Q —26.25 | N —23.10 | C —13.76 | L —5.81 | HH —12.25| CC —5.23| B —1.44 
a P —26.79 | Q —25.16 | Q —13.77 | A —6.31 | B —13.96 | C —5.69 | A —1.71 
ee L —26.95|M -—26.35 | HH —13.85 | B —6.56 | BB —16.00 | B —6.61 | BB —1.79 
M -—30.41 L —27.41 | AA —14.10| CC —8.28|A —16.58 | A —7.23 | D —1.99 
ehonan HH —44.55 | T —40.56 | BB —14.25 | U —8.77 | K —17.21 | U —7.64| C —2.14 
eR T —47.89 | HH —48.78 | L —14.68 | D —9.66 | AA —17.45| BB —8.73| AA —2.53 
. ee AA —48.63 | AA —49.25 | F —15.08 | C —12.03 | C —22.74 | HH -—9.11 | EE —3.32 
BB —49.31| BB —51.61| D  —15.59| K -—15.66| EE —23.51 | L —9.22 | U —3.84 
K -—70.07' K -—S59.23!K -—30.00| EE —21.90 D -—25.61| AA —10.70 | CC —4.39 
e-Spetnes at the Pittsburgh and Rochester locations missing—stolen or destroyed some time between 1937 ca 
and 1941 


TABLE III.—GRADED SUMMARY OF AVERAGE PENETRATION (in. X10~4) AFTER APPROXIMATELY TEN 
YEARS EXPOSURE. 


- Industrial or Semi-Industrial, Sea Coast Rural 

lates New York, | Sandy Hook, | Key West, La Jolla, | State College,, Phoenix, 

Position Altoona, Pa. N. J. Fla. Calif. Pa. Ariz. 

ev Exposed Exposed | Exposed Exposed Exposed Exposed | Exposed 
aes 3377 days, 3426 days, 3449 days, 3402 days 3336 days, | 3386 days, 3323 days, 
50.9 9.25 yr. 9.38 yr. 9.45 yr. 9.32 yr 9.14 yr. | 9.27 yr. 9.10 yr. 
23.6 - - | -— ——-| - 
92.0 1 cc 2.14*1 cc 1.24*| O 0.16 | FF 0.13 | T 0.43 | I 0.09 | I 0.01 
29.5 2 : 2.43 | U 1.67*| G 0.21 | Z 0.19) S 0.70 | FF 0.10 | G 0.01 
— 3 G 2.44 | FF 2.38 | 4 0.37 | I 0.34 | F 0.78 | G 0.12 | Z 0.02 
55.1 4 FF 2.64 | Z 2.81 | I 0.52|G 0.36 | Q 1.06 | Z 0.16 | O 0.04 
55.3 5 U 2.67*| G 3.15 | FF 0.57 | T 0.47|M 1.15 | O 0.21 | FF 0.10 
116.5 6 B 4.51 | I 4.02 | CC 1.90% S 0.61 | P 1.2158 0.46 | T 0.12 
223.0 7 A 4.64 | O 4.52 U 2.007) O 0.644|N 0.61} S 0.15 
477.4 5.27| B 4.55 |S 2.51| P 1.17] U 1.62*| F 0.77 | F 0.24 
388.7 9 5.34] A 4.71 | A 2.58 | F 1.29 | FF 1.63 | K 1.27*| Q 0.30 
198.3 10 as 5.51 | EE 4.71| B 2.67 | Q 1.40 | I 2.26t| CC 1.29*| P 0.35 
277.9 11 |D 5.76 |S 5.30} T 2.96 | N 1.44] L 2.36 | D 1.31 | N 0.39 
387.1 12 |EE 6.03) 6.11 | M 3.93 | M 1.45} CC Q 1.37 | L 0.40 
155.0 13 I 6.07 | F 6.71 | P 4.10 | HH 1.50 | Z 2.51%} P 1.38 | M 0.44 
862.5 14 AN 6.46 | D 7.16 | Q 4.35 | BB 1.79| G 2.81*| M 1.55| B 0.45 
775.6 15 Ee 6.73*| P 7.18 | N 4.48 | L 1.86 | B 4.39! N 1.57 | K 0.45 
19.6 16 1Q 8.30 | N 7.58 | C 4.51) A 1.98 | HH 4.81 | EE 1.75 | HH 0.46 
482.6 17 P 8.49 | Q 7.96 | L 4.70°| B 2.05] A 5.21] C 1.86 | A 0.53 
157.6 18 he 8.62*| M 8.66 | D 4.96%) AA 2.05 | O 5.73 | U 1.88*| D 0.63 
63.4 19 1M 10.00 | L 8.77*| F 5.43 | CC 2.05*| K 6.10 | B 2.07 | C 0.70 
36.8 20 AE 15.15 | ‘T 12.81 | HH 5.44} U 2.16*| BB 6.29) A 2.28 | BB 0.70 
47.5 21 .| HH 17.50} HH 19.13 | AA 5.54} D 3.06 | AA 6.85 | L 3.01) U 0.94* 
2492.0 22 AA 19.10} AA 19.32 | BB 5.99) C 3.94) C 7.46 | BB 3.42 | AA 0.99 
317.8 23 | BB 19.31! BB 20.21 | EE 7.00% K 5.56*| D 8.14 | HH 3.57 | CC 1.09" 
24 24.88) K 21.00t| K 10.61%) EE 8.41 | EE 9.05 | AA 4.20 | EE 1.28 


Specimen lost—values appearing in table estimated. 
Note.—Symbols indicate depth of pitting from actual measurements. — 

Where no symbols appear, pitting negligible—less than 0.001 in. deep. a 

* Pitting 0.001 to 0.003— in. 

Pitting 0.003+ to 0.012 in. 


alculatec in weights of the in Table 
4 
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TABLE. IV.—GRADED SUMMARY OF PERCENTAGE CHANGES IN TENSILE STRENGTHS AFTER iy 
APPROXIMATELY TEN YEARS EXPOSURE. 
Samples exposed as machined tension specimens. 
Industrial or Semi-Industrial Sea Coast Rural 
Altoona, New York, | Rochester, ? Key West, La Jolla < | Phoeni 
Posi- |“ Pa. N.Y. N.Y. Hook, | | Medi” | College, | 
tion N. 2 | | Pa. | 
Exposed Exposed Exposed Exposed Exposed | Exposed | Exposed Exposed 
3695 days, 3741 days, 3694 days, 3733 days, | 3693 days, | 3636 days, | 3687 days, 3650 days, 
10.11 yr. 10.24 yr. | 10.11 yr. 10.22 yr. 10.41 yr. | 9.95 yr. | 10.09 yr. 10.00 yr. 
U +0.9| U +0.4 U +0.9}| HH +0.3| HH +5.0/ U +1.7| HH +3.3 | HH +7.6 
| FF -1.9| FF -—1.9 —0.1 U —-1.7| 5S +0.6)5 +0.6 K +2.1 | Q; +2.6 
S -4.5| CC -2.2} HH —1.0/ I —3.0 | FF +0.6 T —1.2 U +1.3| U +2.6 
CC —5.4 —1.6) G —3.1] U Oo; F —1.4/5§ +0.2 | Z +1.7 
—5.91 A —6.2 | —2.2) —3.1] I —0.5 | HH —1.7 |) G +0.1) I +0.9 
6 A —6.8 | 1 -6.2)G —2.7 —3.4| T —0.6 | P —2.0 | I —0.3| L —0.2 
7 G —7.0) B CC -3.7| B -3.5)L —1.4 | FF —2.0 | FI -0.6|M —0.2 
8 D —7.21G -6.3 |) D 4.1 —3.5|B 1.5|N —2.5 | T -0.8; O —0.2 
9 P 7.31A —3.7|1G —-3.0 0 —1.0| P —0.4 
10 L P 4.6) P —4.3|)A -1.8 —3.5|Q —0.4 
11 P —8.7 —7.9 | FI L —4.6}N —1.9 | ¢ —5.1| P —1.6| B —0.5 
12 —9.0|)N B —5.1 | FF —4.6| P -1.9; D —-5.7|Z —1.8| D —0.6 
—9.9| D —8.0| N —5.4| D -5.0| AA -1.9}CC -6.2|N —2.2|N —0.6 
I -10.4|Q —8.8 | L —5.8|F B —7.6| F —2.4)A —0.8 
15 —11.4|F —9.7 | —6.8|N —5.2| BB -—2.8/ 1 —7.6 | —2.5 | FF —1.1 
16 -15.0| EE —12.0| Z C —5,3 | C —-2.9|M —3.1 | BB —1.4 
17 Z —15.3 | HH —12.1 | M —7.1| AA —10.0 | D —-3.1 C —1.6 
18 —15.8 | Z —12.2 | —7.3| BB —6.8|Q —3.6 BB -10.5| CC —3.1|F —1.7 
| EE —15.9 | ‘I —13.4 |) Q —7.41Q —3.7 AA —10.9|M —3.2|G —1.7 
20 —22.2| 0 —14.1 BB —7.6| 2 -9.1 D —3.8 G —14.1 L —3.7 | AA —1.9 
21 | BB —22.8| AA —20.7| AA -—7.8/ 0 —11.0'0O —5.2|K —23.4|A —4.2| T —2.0 
22 HH —22.8 | BB —20.9 | T —8.6|M —12.0 | CC —-5.8 |Z —27.1| BB -4.7| K —3.3 
23 .|M —30.9| M —28.2:| EE —12.9| EE —18.6| K -—13.3| EE —27.6 AA —6.0 CC —6.5 
| K —53.8 | K -53.3} K -—31.0| K —19.4| EE —16.5 | O —50.5| EE -—8.7| EE —12.3 


Nore.—Pittsburgh specimens missing. 


TABLE V.--GRADED SUMMARY OF PERCENTAGE CHANGES IN TENSILE STRENGTHS OF TENSION 
SPECIMENS CUT FROM CORRODED 9 BY 12-IN. PLATES AFTER CHEMICAL CLEANING. 


Ultimate tensile strength calculated on basis of original area of specimen. 


Industrial or Semi-|ndustrial Sea Coast Rural 
i New York, | Sandy Hook,| Key West, La Jolla, State College, | Phoenix, 
Position | Pa-| N.Y. N. J. fla.’ | Calif." Pa. Ariz. 
Exposed Exposed Exposed Exposed | Exposed Exposed Exposed 
3377 days, 3426 days, 3449 days, 3402 days, | 3336 days, 3386 days, 3323 days, : 
9.25 yr. 9.38 yr. 9.45 yr. 9.32 yr. 9.14 yr. 9.27 yr. 9.10 yr. 
Bete D +3.8 | F +11.2 | AA +3.7|)Z +6.2 | Q +3.9) AA +4.8 | AA +7.4 
2 C D +3.1}Q +3.2 15S +4.7)5 +3.8 D +4.7 
Q +1.2 | FF $1.8) C +2.1 0 +4.1 T +2.8/C +3.7 |Z +4.6 
rr +0.1 1S #1.2| 2 +2.1 | AA +4.0| AA +2.4 | T +4.5 
0.7) C $0.9) FF +1.9 | BB 43.0) D $2.0] +2.0 O +4.2 
N 2.21 Q O|A +1.1) C +2.9 | FF +1.9] BB +1.4 | T +3.5 
| U 0.7 | BB +1.1] D +2.9 N +1.5 N +1.3 |) A +2.0 
B 2.013 +0.2 | T 42.8) C +1.4) P +1.2 | FF +2.0 
9, U 0.9) 1 0.1 | FF +2.5 | BB +1.4 | FF +1.0| N +1.7 
10... P 3.1/ 8B 1.1) P —0.7| A +1.0' B —0.7 |) A +0.6 | BB +1.7 
G —5.2|N —0.9|N +0.8 | P —1.3 +0.6)5 +1.4 
A —5.3| P —2.3) D +0.3) M —1.7|M —0.2| B +1.3 
L —5.3 | 3.9/5 -1.5| B —0.1 U —1.8 | B —0.9| I +0.1 
—5.8 I —4.0 B —1.7 —0.3)L —2.3| D —0.9|M —0.1 
I —5.9| L —1.7|G —1.3| I —2.7\ 1 —0.9| L —0.5 
BB -6.9| Z —6.0 | G —3.0| M —1.3) A —5.1| L —-0.9 
CC -6.9| BB -6.6] L —3.1 | U —§.316 -§.3 1G —3.9|G -1.4 
18... |Z —8.5 |G —3.4|P —2.7 F —6.6'0O —4.0| P —1.6 
19 AA 8.7 | EE —8.5 | M —5.1) L —2.9| CC -7.2| EE U —2.2 
20 | M 14.0 | AA 8.9) HI —11.5| K 3.6| K -5.6| K —2.5 
21 14.8 | M 9.0) K 18.3 | HH 9.2 | HH 9.9) U -6.3 | F —4.9 
22 HH 18.4 | O 9.4 KE ‘loc w.2| EE 12.9 | 9.7 | HH 7.0 ] 
23 EE 20.4) HH 20.1.) U ain 13.7 | Z 13.5 | HH 10.9 | CC 11.1 
| K 37.1) K 22.6 | CC 14.5) 0 17.7) K 11.6 | EE —12.9 


Nor :.--Specimens at the Pittsburgh and Rochester locations missing—stolen or destroyed some time between 1937 
and 1941, 
“@ Specimens missing. 
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‘and an attempt was made to correct such 
aging changes in the materials them- 
selves by making tests of aged, uncor- 
roded specimens when exposure speci- 
mens were removed from the racks after 
the 1-, 3-, 6-,and 10-yr. exposure periods. 
These “storage set” specimens were 
stored at the Bureau of Standards under 
the ordinary room temperature condi- 
tions prevailing over the intervening 
years, but since they were sealed in glass 
jars, they were presumably free from any 
corrosive attack by the atmosphere. 
However, these storage temperatures did 
not necessarily duplicate temperatures 
existing at the exposure locations. A 
study of the data resulting from tension 
tests on these storage set specimens, 
together with their standard deviations, 
shows that interesting changes have 
taken place in a number of the materials. 
In some cases these changes are difficult 
to explain, but they should be taken into 
account in arriving at a complete inter- 
pretation of the rest of the tension test 
data. Since we have been using these 
data in interpreting the results of our 
own tension tests on the corroded tension 
specimens, the subcommittee believes 
it is worth while to present in this report 
a compilation of the tension data on the 
storage specimens. The test results are 
given in Table I and are plotted in the 
form of curves in Figs. 1 to 5. 

In checking the preprinted report of 
the Committee for 1944, it was found 
that, inadvertently, a change in the 
procedure for calculating the change in 
tensile strength had been made. Instead 
of referring the tension test results from 
specimens cut from the 9 by 12-in. 
plates to the 10-yr. storage specimens, 
to determine what change had taken 
place due to corrosion, they were re- 
ferred to the tension test data from the 
initial specimens. The same error was 
made in determining the change in 
tensile strength for the tension specimens 
exposed on the test racks; and the change 
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in tensile strength data, as published in 
the 1943 report, is, therefore, incorrect 


in this respect. ‘The change in tensile 
strength data published in this report 
has been corrected accordingly for both 
the results from the tension specimens 
exposed on the test racks as well as 
those cut from the 9 by 12-in. plates. 

In connection with material F, as 
explained in previous reports, the original 
materials for our tests were secured from 
two lots of metal. Detailed investiga- 
tion in the course of tests made on the 
10-yr. samples has shown that both lots 
of material were nonuniform in their 
tensile strength characteristics. This 
fact should be kept in mind in interpret- 
ing the tension data on material F 
appearing in the tables. 


CONCLUSIONS 


As stated in the 1943 report, it was 
planned to present in this year’s report 
conclusions on the results of the tests 
made on the specimens after 10 yr. expo- 
sure. The problem of presenting conclu- 
sions drawn from these data is an 
extremely difficult one, in view of the 
large amount of test data involved. In 
the committee’s opinion, the best way to 
summarize the data to obtain an over- 
all picture of what changes have taken 
place and their significance is to present 
them in the form of tabulations called 
“oraded summaries.” 

In these summaries, Tables II to V, 
inclusive, the changes in the materials, 
such as loss in weight, average penetra- 
tion, changes in tensile strength, etc., 
have been arranged or graded in the 
order of the material showing the least 
amount to the material showing the 
greatest amount at each of the test 
locations. A study of a graded sum- 
mary will, then, disclose which of the 
metals and alloys has suffered the least 
loss in tensile strength or weight at any 
one location. The amount of this 
change is indicated alongside the letter 
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designating the material. In the case of 
the graded summary table of tension 
test data, the amount of change is 
reported as percentage change from the 
original. 

In attempting to evaluate the signifi- 
cance of any individual percentage 
change, it is necessary not only to make 
allowance for changes in the material 
due to aging, as shown by the results of 
the 10-yr. tests on the storage specimens, 
but also to consider these changes with 
due regard to the standard deviations 
reported for the tension results in Tables 
VI to XII. 

While a careful study of these graded 
summary tables might permit certain 
general conclusions to be drawn as to the 
relative corrosion resistance of the vari- 
ous metals and alloys in different types 
of atmospheres, it is the committee’s 
opinion that a better survey and a more 
accurate statement of the value of the 
test data collected to date can be made 
by individuals most familiar with the 
corrosion performance of the particular 
metals and alloys. The committee, 
therefore, plans to sponsor a series of 
papers to be presented within the next 
year at a session of the Society devoted 
entirely to atmospheric corrosion of these 
non-ferrous metals and alloys, in which a 
discussion of the corrosion performance 
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of the materials included in this investi- 
gation can be made by the authors of the 
papers more fully and more freely than 
would be possible by the committee 
acting as a whole, through the presenta- 
tion of conclusions in its report. Ar- 
rangements have been made to have 
individuals present papers including the 
following: 

(a) Copper and copper alloys—ma- 
terials A, B, C, D, F, K, L, M, N, P, 
and Q; 

(6) Zinc—materials AA, BB, and HH; 

(c) Nickel and nickel alloys—materials 
S and T; 

(d) Aluminum and aluminum alloys— 
materials I, O, Z, FF, and G; 

(e) Lead and lead alloys and tin— 
materials U, CC, and EE; and 

(f) Discussion of the significance of 
changes in storage specimens and dis- 
crepancies between data on loss in tensile 
strength and loss in weight. 

This report has been submitted to 
letter ballot of the committee which 
consists of 37 voting members; 31 
members returned their ballots, of whom 
30 have voted affirmatively, 0 nega- 
tively, and 1 not voting. 


Respectfully submitted on behalf of 
the subcommittee, 
W. H. FINKELDEY, 
Chairman 
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REPORT OF COMMITTEE B-4 
ON 


ELECTRICAL-HEATING, ELECTRICAL-RESISTANCE AND 
ELECTRIC-FURNACE ALLOYS 


Committee B-4 on Electrical-Heating, 
Electrical-Resistance and Electric-Fur- 
nace Alloys held three meetings during 
the year: in Pittsburgh, Pa., on June 29 
and 30, 1943, and in New York, N. Y., 
on October 7 and §, 1943, and February 
21, 1944. 

The committee consists of 56 mem- 
bers, of whom 28 are classified as pro- 
ducers, 22 as consumers, and 6 as general 
interest members. 

A Bibliography and Abstracts on 
Electrical Contacts with about 800 ref- 
erences to articles relating to electrical 
contacts and circuit interruption, and 
contact materials, has been prepared by 
Subcommittee X on Contact Materials. 
This probably is the most complete list 
of references on this subject which has 
been compiled. It has been published 
by the Society, and already a consider- 
able number of copies have been sold. 
It is to be kept up to date by publishing 
yearly a booklet containing new ref- 
erences. 


I. NEw TENTATIVE STANDARDS 


The committee recommends that the 
following specifications and methods of 
test! be accepted for publication as 
tentative: | 


Tentative Specifications for: 


_ Chromium-Nickel-Iron Alloy Castings (25-12 


Class) for High-Temperature Service, and 


Tentative Methods of Test for: 
Equivalent Yield Stress of Thermostat Metals. 
1 These specifications and methods were accepted as 


tentative by the Society and appear in the 1944 Book of 
A.S.T.M. Standards, Part I. 


II. TENTATIVE REVISIONS OF 
STANDARDS 


Standard Specifications for Drawn or 
Rolled Alloy, 80 per cent Nickel, 20 per 
cent Chromium, for Electrical Heating 
Elements (B 82 — 41)? and Standard 
Specifications for Drawn or Rolled Alloy, 
60 per cent Nickel, 15 per cent Chromium, 
and Balance Iron, for Electrical Heating 
Elements (B 83 — 41).2—The committee 
recommends for publication as tentative 
revisions of these specifications which 
include changes in the sections on nomi- 
nal resistivity, nominal electrical re- 
sistance and tolerances on electrical 
resistance per unit length, resistance 
change with temperature, and on pack- 
ing. These revisions have been incor- 
porated in completely revised specifica- 
tions which are recommended for 
publication as tentative as appended 
hereto.! 


III. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 


It is recommended that the following 
tentative standards be continued as 
tentative without change: 


Methods of Testing Nickel and Nickel-Alloy 
Wire and Ribbon for Electronic Tube Fila- 
ments (B 118 - 42 T), 

Method of Test for Temper of Strip and Sheet 
Metals for Electronic Devices (Spring-Back 
Method) (B 155 —41 T), 

Methods of Testing Lateral Wire for Grids of 
Electronic Devices (B 156-42 T), 

Methods of Testing Wire for Supports Used in 
Electronic Devices and Lamps (B 157 -41T), 

Specifications for Round Nickel Wire for Lamps 
and Electronic Devices (B 175 - 42 T). 
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The recommendations appearing in 
‘this report have been submitted to letter 
ballot of the committee which consists of 
56 members, with the results shown in 
Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Life Tests (J. W. 
Harsch, chairman).—Revisions in the 
Standard Specifications for Drawn or 
Rolled Alloy, 80 per cent Nickel, 20 per 
cent Chromium, for Electrical Heating 
Elements (B 82 — 41), and for Drawn or 
Rolled Alloy, 60 per cent Nickel, 15 
per cent Chromium, and Balance Iron 
(B 83 — 41) have been recommended by 
this subcommittee, as mentioned earlier 
TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Girm-| Nega- | Matted 
Affirm-| Nega- | Marke 
. Items ative | tive | ‘“‘Not 
Voting”’ 

I. New TENTATIVE STANDARDS 
Spec. for Chromium-Nickel- 

Iron Alloy Castings (25-12 

Class) for High Temperature 

20 2 10 
Test for Equivalent Yield Stress . 

of Thermostat Metals........ 41 0 7 

II. TENTATIVE REVISIONS OF 

STANDARDS 


Spec. for Drawn or Rolled Al- 
loy, 80 per cent Nickel, 20 per 
cent Chromium, for Electrical 
Heating Elements (B 82 - 41). 41 0 xg 

Spec. for Drawn or Rolled Al- 
loy, 60 per cent Nickel, 15 per 
cent Chromium, and Balance 
Iron, for Electrical Heating 
Elements (B 83 -41).......... 44 0 4 


in this report, for publication as tenta- 
tive to bring the specifications in line 
with present commercial practice. 
Subcommittee V on Wrought and Cast 
Alloys for High-Temperature Use (J. W. 
Harsch, chairman).—The subcommittee 
has continued its work on the Proposed 
Specifications for Chromium-Nickel-Iron 
Alloy Castings (25-12 Class) for High- 
Temperature Service,? which were pub- 
lished as information with the 1942 
Report of Committee B-4. The creep 
test has been omitted as an acceptance 
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test because of the prohibitively long 
time and expense involved. These spec- 
ifications have been prepared in cooper- 
ation with Committee A-10 on Iron- 
Chromium, Iron-Chromium-Nickel and 
Related Alloys. The specifications as 
revised! are being recommended for 
publication as tentative. 

It has been decided to collect and cor- 
relate data looking toward the prepara- 
tion of specifications for alloy castings 
composed of 35 per cent chromium, 16 
per cent nickel and balance iron, for 
electric furnace applications. 

Subcommitiee VII on Thermostat Met- 
als (P. H. Brace, chairman).—The 
Proposed Method of Test for Equivalent 
Yield Stress of Thermostat Metals! 
which was published as information with 
the 1943 Report of Committee B-4 has 
been given further trial during the year 
and has been found very effective. The 
method is now being recommended for 
publication as tentative. The wide 
variety of physical properties in the vari- 
ous grades of thermostat metals makes 
necessary a further study of stabilizing 
pretreatment of test specimens. 

It has been decided to undertake the 
development of methods of test for the 
elastic properties of special purpose 
spring alloys in wire and strip form, at 
elevated temperatures. These alloys are 
of considerable interest because of their 
usefulness in vital parts of measurement 
and control devices. As the tests are 
rather closely related to those used for 
thermostat metals, they have been as- 
signed to this subcommittee. 

Subcommitiee VIII on Metallic Ma- 
terials for Radio and Incandescent Lamps 
(S. A. Standing, chairman).— Methods of 
test are being studied for the determina- 
tion of particle size and distribution of 
powdered materials used in electronic 
tubes and incandescent lamps. These 
include such items as cathode coating, 
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fluorescent materials, and tungsten 
powder. 

Improved methods of determining 


flaws in tungsten wire are also being 
studied. 

Subcommittee IX on Methods of Test 
for Alloys in Controlled Atmospheres 
(P. H. Brace, chairman).—Further ex- 
perimental work on the effect of sulfur 
has been delayed because of the War 
Program, but will be continued. The 
oo of the method to cast as well 
as wrought alloys also will be considered. 

Subcommittee X on Contact Materials 


(F. E. Carter, chairman).—The problems 


4 


involved in standardizing the testing of 
electrical contact materials are complex, 
and it has been found that the results 
obtained with a testing machine are ex- 
tremely critical to the design and 
inherent characteristics of the individual 
machines. ‘The mechanical construction 
of the device for operating the contacts 
of the machine described in the Tentative 
Method for Life Test of Electrical 
Contact Materials (B 182 - 43 T) has 
been given considerable study, and the 
improvements made have produced 
closer correlation of tests between labora- 
tories and it is expected that reproducible 
tests can be made. 

The same complexity of investigation 
is to be expected in some of the other 
fields which are being considered by the 
committee. ‘These are included in the 
Section on Load Carrying Capacity of 
Contacts, which is considering the prob- 
lems of contact welding, contact burning 
under severe arcing conditions, hardness, 
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specific resistance of contact materials, 
and other factors. This work is stillina 
preliminary state, except that some inter- 
esting results have been worked out by 
the investigators using the life test 
machine on the problem of contact 
welding. 

Following the standardization work 
on solid contact rivets to reduce the num- 
ber of sizes to a minimum, which was 
done in connection with the National 
Electrical Manufacturers Association, 
further work on standardizing contact 
shapes and sizes has included steel back 
and projection welding contacts. Com- 
posite rivets and screw type contacts 
will be considered later. 

The Bibliography and Abstracts on 
Electrical Contacts prepared by the 
subcommittee and published by the 
Society has been well received, as men- 
tioned earlier in this report. 


The present officers of the committee 
have been re-elected for the ensuing term 
of two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 56 members; 48 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
DEAN HARVEY, 
Chairman. 
F, E. Basu, 
Secretary. 


| 
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Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought, held one 
meeting during the year: in Cincinnati, 
Ohio, on March 1, 1944. At this time a 
number of the subcommittees also met. 

During the year the committee lost 
by death J. E. Schmeltzer who for some 
years represented the U. S. Maritime 
Commission. 

At the present time the committee 
consists of 117 members of whom 100 
are voting members; 42 are classified 
as producers, 42 as consumers, and 16 as 
general interest members. 


RECOMMENDATIONS ACCEPTED BY 
ComMMITTEE E-10 ON STANDARDS 


Subsequent to the Annual Meeting, 
Committee B-5 presented to the Society 
through Committee E-10 on Standards 
the following recommendations under 
the emergency procedure: 


Emergency Alternate Provisions in: 


Standard Specifications for Steam or Valve 
Bronze Castings (EA - B 61), 

Standard Specifications for Free-Cutting Brass 
Rod for Use in Screw Machines (EA -B 16), 

Standard Specifications for Castings of the Alloy: 
Copper 88 per cent, Tin 8 per cent, Zinc 4 per 
cent (EA B 60a), 

Standard Specifications for Composition Brass 
or Ounce Metal Castings (EA-B 62a), 

Tentative Specifications for Bronze Castings for 
Turntables and Movable Bridges and for 
Bearing and Expansion Plates of Fixed Bridges 
(EA-B 22a), 

Tentative Specifications for Tin-Bronze and 
Leaded Tin-Bronze Sand Castings (EA-B 
143a), 

Tentative Specifications for High-Leaded Tin- 

Bronze Sand Castings (EA-B 144a), 


REPORT OF COMMITTEE B-5 © 
ON 
COPPER AND COPPER ALLOYS, CAST AND WROUGHT 


Tentative Specifications for Leaded Red Brass 
and Leaded Semi Red Brass Sand Castings 
(EA -B 145a), and 

Tentative Specifications for Leaded Yellow Brass 
Sand Castings for General Purposes (EA - 
146a). 


All of these recommendations were ac- 
cepted by Committee E-10 on December 
27, 1943, with the exception of EA - 
B 16 which was accepted on March 21, 
1944. The former were published in 
ASTM Butietin, No. 126, January, 
1944, p. 46, and the latter in ASTM 
BuLietin, No. 127, March, 1944, p. 56. 
They have been issued in the form of 
stickers for attachment to the specifica- 
tions to which they apply. 

On January 31, 1944, Committee E-10 
accepted! new Tentative Specifications 
for Copper Bus Bars, Rods, and Shapes 
(B187-—44T) and for Copper Bus 
Pipes and Tubes (B 188-44 T), sub- 
mitted by Committee B-5, which are 
published in the 1944 Book of A.S.T.M. 
Standards, Part I. 

WITHDRAWAL OF EMERGENCY © 
ALTERNATE PROVISIONS 


Certain of the revisions being recom- 
mended in the standards and tentative 
standards include changes now published 
as emergency alternate provisions. For 
the most part these include references to 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee B-5 reported the following 
results of the letter ballot vote from a committee member- 
ship of 100: B 187, affirmative 34, negative 1, ballots 
marked ‘“‘not voting” 27; B 188, affirmative 35, negative 0, 
ballots marked ‘‘not voting” 27. 
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TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Items 


I. Revisions OF TENTATIVE 
STANDARDS 


Spec. for Cartridge Brass Sheet.) 
Strip, and Disks (B 19 - 42 T) | 

Spec. for Bronze Castings for | 
Turntables and Movable 
Bridges and for Bearing and 
Expansion Plates of Fixed 
Bridges (B 22 - 42 T) 

Spec. for Copper-Base Alloys in | 
Ingot Form for Sand Castings 
(B 30 - 42 T) 

Spec. for Brass Sheet and Strip 
(B 36 - 43 T) 

Spec. for Leaded Brass Sheet and! 
Strip (B 121-437)... 

Spec. for Copper-Base Alloy 
Forging Rods, Bars, and 
Shapes (B 124-42 T).. 

Spec. for Cartridge Brass Cart- | 
ridge Case Cups (B 129 - 43 T)) 

Spec. for Gilding Metal Sheet 
and Strip (B 130 - 43 T) 

Spec. for Gilding Metal Bullet | 
Jacket Cups (B 131 -43 T 

Spec. for Leaded High-Strength | 
Yellow Brass (Manganese 
Bronze) Sand Castings (B) 
132-41 T)... | 

Spec. for Copper Rods, Bars, and 
Shapes (B 133 - 42 T) \ 

Spec. for Brass Wire (B 134 
42T 


Spec. for Phosphor Bronze 
Rods, Bars, and Shapes (B 
139-42T).... 

Spec. for Tin-Bronze and Leaded 
Tin-Bronze Sand Castings 
(B 143-42T)..... 

Spec. for High-Leaded_ Tin- 
Bronze Sand Castings (B 144) 

Spec. for Leaded Red Brass and 
Leaded Semi Red Brass Sand 
Castings (B 145-42 T)....... 

Spec. for Leaded Yellow Brass 
Sand Castings for General 
Purposes (B 146 - 42 T) as 

Spec. for High-Strength Yellow 
Brass and High-Strength 
Leaded Yellow Brass Sand 
Castings (B 147-42T)....... 

Spec. for Aluminum Bronze 
Sand Castings (B 148-42 T)... 

Spec. for Leaded Nickel-Brass 
and Nickel-Bronze Sand Cast- 
ings (B 149 - 42 T).. 

Spec. for Aluminum Bronze 
Rods, Bars and Shapes (B 
150-41T)..... 

Spec. for Copper-Nickel-Zinc 
Alloy Rod and Wire (B 151 - 
42 T) 


Spec. for Copper Sheet, Strip, 
and Plate (B 152 - 41 T) 

Spec. for Phosphor Bronze Wire 
(B 159-43T)... 

Spec. for Aluminum Bronze Sheet 
and Strip (B 169 - 42 T) 


II. Revisions OF STANDARDS, 
IMMEDIATE ADOPTION 


Spec. for Free-Cutting Brass 
Rod for Use in Screw Machines 
(B 16-42; ASA H8-1942)... 

Spec. for Steam or Valve Bronze 
Castings (B 61 - 42) 

Spec. for Composition Brass or 
Ounce Metal Castings (B 62) | 


21 


32 


29 


| Affirm-| Nega- 
| ative 


tive 
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| Ballots 
|Marked 


| 
| 


“Not 
| Voting” 


27 


TABLE 1 OF LETTER BALLOT 


OTE—Continued 
Affirm-| Nega- (Markel 
rm-| Nega- |Marke 
Item ative | tive | “Not 
| Voting”’ 
II. Revisions oF STANDARDS, 
IMMEDIATE ADOPTION—Cont. | 
Spec. for Bronze Castings in the | 
Rough for Locomotive Wear- 
ing Parts (B 66-38)....... 0 24 


Spec. for Car and Tender Journal 
_ Bearings, Lined (B 67 - 38) 15 0 | 30 
Spec. for Copper-Silicon Alloy 
Sheet for General Purposes 
Spec. for Copper-Silicon Alloy | | 
ode, Bars, and Shapes (B 98 - 


tural Uses (B 100 - 43)...... | 20 


IIT. WiTHDRAWAL OF STANDARD 


Spec. for Castings of the Alloy: 
Copper 88 per cent, Tin 8 per 
cmt, Zinc 4 per cent (B 60 - 

41 


the Emergency Specifications for Fire- 
Refined Copper for Wrought Products 
and Alloys (ES-7). In a few other 
cases the emergency provisions are no 
longer necessary. The committee ac- 
cordingly recommends that concurrently 
with the approval of the recommenda- 
tions affecting standards in this report 
the following emergency alternate pro- 
visions be withdrawn: 


Emergency Alternate Provisions in Specifications 
for: 


Cartridge Brass Sheet, Strip, and Disks (EA - 
B 19), 

Brass Sheet and Strip (EA-B 36), 

Rolled Copper-Alloy Bearing and Expansion 
Plates for Bridge and Other Structural Uses 
(EA-B 100), and 

Phosphor Bronze Sheet and Strip (EA — B 103). 

Leaded Brass Sheet and Strip (EA-B 121), 

Copper-Base Alloy Forging Rods, Bars, and 
Shapes (EA - B 124), 

Cartridge Brass Cartridge Case Cups (EA-B 
129), 

Gilding Metal Sheet and Strip (EA - B 130), 

Gilding Metal Bullet Jacket Cups (EA - B 131), 

Copper Rods, Bars, and Shapes (EA - B 133), 

Brass Wire (EA - B 134), 

Phosphor Bronze Rods, Bars, and Shapes (EA - 

B 139), 
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Copper-Nickel-Zinc Alloy Rod and Wire (EA - 
B 151), 

Copper Sheet, Strip, and Plate (EA - B 152), 

Phosphor Bronze Wire (EA — B 159), and 

Aluminum Bronze Sheet and Strip (EA - B 169). 

Copper-Base Alloys in Ingot Form for Sand 
Castings (EA — B 30), 

Castings of the Alloy: Copper 88 per cent, Tin 
8 per cent, Zinc 4 per cent (EA — B 60a), 


The committee also recommends that 
upon approval of the recommended revi- 
sions in the specifications for copper- 
alloy ingots and castings, as listed in the 
Appendix, the following emergency al- 
ternate provisions be revised by deleting 
all of the alternate provisions with the 
exception of the alternate cast-to-size 
test bars: 


Emergency Alternate Provisions in Specifications 
for: 


Bronze Castings for Turntables and Movable 
Bridges and for Bearing and Expansion Plates 
of Fixed Bridges (EA — B 22a), 

Steam or Valve Bronze Castings (EA - B 61), 

Composition Brass or Ounce Metal Castings 
(EA - B 62a), 

Tin-Bronze and Leaded Tin-Bronze Sand Cast- 
ings (EA-B 143a), 

High-Leaded Tin-Bronze Sand Castings (EA - 
B 144a), 

Leaded Red Brass and Leaded Semi Red Brass 
Sand Castings (EA — B 145a), and 

Leaded Yellow Brass Sand Castings for General 
Purposes (EA - B 146a). 


RECOMMENDATIONS AFFECTING 
STANDARDS 

The committee is recommending re- 
visions in twenty-five tentative stand- 
ards and revisions in nine standards for 
immediate adoption. The standards and 
tentative standards affected are listed in 
Table I and the revisions recommended 
are given in detail in the Appendix. 

The recommendations in this report 
have been submitted to letter ballot of 
the committee which consists of 100 vot- 


ing members, with the results shown in 
Table I. 


ACTIVITIES OF SUBCOMMITTEES 
Following is a report of the activities 
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of the several subcommittees during the 
year. The approved recommendations 
of these committees affecting standards 
are given in the Appendix. 

Subcommittee I on Copper-Zinc Sheet 
and Strip (G. H. Harnden, chairman).— 
Many recommendations were made for 
revisions in all the specificetions under 
the jurisdiction of this subcommittee, as 
covered in the Appendix. It is also 
recommended that the Emergency Alter- 
nate Provisions EA-B19, EA-B 36, 
EA-B 121, EA-B 129, EA -B 130 
and EA —B 131 be withdrawn and that 
the provisions be incorporated in the 
respective specifications. At the March 
meeting it was decided in revising the 
Tentative Specifications for Leaded 
Brass Sheet and Strip (B 121-43 T) 
to use so far as possible the standard 
commercial leaded alloy composition 
ranges covered in Alloys-I of the Copper 
and Brass Research Association. 

The letter ballot on the addition of a 
table of preferred thicknesses for un- 
coated metals as an appendix to the 
sheet and strip specifications received 
four negative votes. The subject is re- 
ceiving further consideration. 

Subcommittee II on Copper-Tin Sheet 
and Strip (H. V. Schlacks, chairman) 
recommended slight changes in the 
Standard Specifications for Rolled Cop- 
per-Alloy Bearing and Expansion Plates 
for Bridge and Other Structural Uses 
(B 100-43) and for Phosphor Bronze 
Sheet and Strip (B 103-43). It also 
voted to incorporate the emergency 
provisions referring to Emergency Speci- 
fications ES-7 in these two specifica- 
tions, withdrawing EA — B 100 and EA — 
B 103. 

Subcommittee III on Copper-Nickel- 
Zinc Sheet and Strip (R. B. Hitchcock, 
chairman) held a meeting on March 1, 
1944, at which several proposals were 
made for revision of the Tentative 
Specifications for Copper-Nickel-Zinc 
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and Copper-Nickel Alloy Sheet and 


Strip (B 122-42). ‘Tables of physi- 
cal properties and tolerances are to be 
reviewed for early action by the sub- 
committee. 

Subcommittee IV on Miscellaneous 
Copper-Base Sheet and Strip Alloys 
(R. J. Wheeler, chairman).—A special 
committee (Messrs. L. L. Wyman, G. 
R. Gohn, and C. H. Davis) was named 
to study the hydrogen embrittlement 
test for high-conductivity oxygen-free 
copper. Another special committee, 
(Messrs. G. H. Harnden, H. C. Ashley, 
R. B. Hitchcock, and C. H. Davis) was 
appointed to review the Tentative Speci- 
fications for Copper Sheet, Strip, and 
Plate (B 152-417) with the idea of 
writing a separate portion or specifica- 
tion to cover bars and plates. The 
recommendations with respect to the 
Standard Specifications for Copper-Sili- 
con Alloy Sheet for General Purposes 
(B 97 — 41), Tentative Specifications for 
Copper Sheet, Strip, and Plate (B 152 — 
41 T), and for Aluminum Bronze Sheet 
and Strip (B 169-42 T) appear in the 
Appendix. A joint meeting with Sub- 
committee V was held to review the 
criticisms of the three proposed specifica- 
tions for beryllium copper. 

Subcommittee V on Miscellaneous Cop- 
per-Base Wire and Rod Alloys (H. C. 
Ashley, chairman).—Recommendations 
with respect to the Standard Specifica- 
tions for Free-Cutting Brass Rod for 
Use in Screw Machines (B 16-42), for 
Copper-Silicon Alloy Rods, Bars, and 
Shapes (B 98-42), and the Tentative 
Specifications for Brass Wire (B 134 - 
42 T) appear in the Appendix. A special 
committee (Messrs. G. R. Gohnand R. J. 
Wheeler) was appointed to prepare 
physical property tables for straightened 
rod and wire for inclusion in the Tenta- 
tive Specifications for Phosphor Bronze 
Rods, Bars, and Shapes (B 139 - 42 T) 
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431). Another special committee 
(Messrs. G. H. Harnden, G. R. Gohn, 
Alan Morris, and C. H. Davis) was 
named to prepare chemical requirement 
tables for the two grades of aluminum 
bronze rod which were approved by 
letter ballot vote for inclusion in the 
Tentative Specifications for Aluminum 
Bronze Rods, Bars, and Shapes (B 150 - 
41 T)? 

It was voted to withdraw Emergency 
Alternate Provisions EA — B 133, EA- 
B 134, EA-B139, EA-—B151, and 
EA-—B159 and to incorporate the 
provisions in the respective specifica- 
tions. 

Subcommittee X on Copper-Base Alloys 
for Sand Castings (G. H. Clamer, 
chairman).—Detailed consideration at 
two meetings has been given by this 
subcommittee to extensive revisions of 
the castings and ingot specifications for 
the tin bronzes, bearing metals, yellow 
brasses, and manganese bronzes involv- 
ing changes in the following specifica- 
tions: 


Standard Specifications for: 


Steam or Valve Bronze Castings (B 61 — 42), 

Composition Brass or Ounce Metal Castings 
(B 62 - 41), 

Bronze Castings in the Rough for Locomotive 
Wearing Parts (B 66 — 38), beans 


Tentative Specifications for: 

Copper-Base Alloys in Ingot Form for Sand 
Castings (B 30-42 T), 

Leaded High-Strength Yellow Brass (Man- 
ganese Bronze) Sand Castings (B 132 - 41T), 

Tin-Bronze and Leaded Tin-Bronze Sand Cast- 
ings (B 143-42 T), 

High-Leaded Tin-Bronze Sand Castings (B 
144 - 42 T), 

Leaded Red Brass and Leaded Semi Red Brass 
Sand Castings (B 145 - 42 T), and 

Leaded Yellow Brass Sand Castings for General 
Purposes (B 146-42 T). 


A number of changes in the casting 
specifications have been approved by 
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2See Editoria! Note, p. 248. 
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letter ballot in the subcommittee and 
were recommended to Committee B-5 
for action. 

The changes in the casting specifica- 
tions bring them substantially in line 
with the standard alloy compositions 
sponsored by the Conservation Division 
of the War Production Board. The 
same compositions and physical proper- 
ties, with a few minor exceptions, will now 
be standard for the Navy, Federal, 
S.A.E. and A.S.T.M. specifications and 
S.A.E. is also currently considering 
changes in the Aeronautical Materials 
Specifications to bring them more in 
line. All A.S.T.M. emergency alternate 
compositions applying to copper-alloy 
ingots and castings have been cancelled, 
except that the casting specifications will 
still carry emergency alternate require- 
ments for cast-to-size test bars as 
recently issued. 

The most far-reaching change involved 
the addition of sand cast test bar require- 
ments in the ingot Specifications B 30. 
At the same time the requirements for 
lot size and sampling in Specifications 
B 30 were revised. 

The requirement for ‘other impuri- 
ties” has been deleted from all casting 
specifications which have values given 
for tensile requirements. The number 
of significant figures for main constitu- 
ents has been reduced in all specifications 
by eliminating the zero in the second 
decimal place. Alloy 3-B is designated 
as an Emergency Alternate composition 
for class C of Specifications B 22. 

Revision of the Tentative Specifica- 
tions for Aluminum-Bronze Sand Cast- 
ings (B148—-42T) is recommended. 
A recommendation for the development 
of an exact procedure for making test 
bars has been approved by letter ballot 
vote, but no steps to implement this 
latter item have yet been taken. 

A special subcommittee (Messrs. L. M. 
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Long, J. F. Ednie, William Romanoff, — 
and C. S. Cole) has reviewed, at the 
request of the appropriate S.A.E. Divi- 
sion the hardness requirements in the 
A.M.S. copper-base alloy casting speci- 
fications. 

A special subcommittee (Messrs. J. W. 
Bolton, J. J. Curran, and J. J. Kanter) 
is considering the revision of Specifica- 
tions B 61 and B 62. Consideration 
is also being given to the need for retain- 
ing the class B Alloy in Specifications 
B 132. 

Subcommittee XI on Methods of Test 
for Copper and Copper Alloys (A. J. 
Phillips, chairman) has held no meetings 
but its chairman has participated in 
several committee discussions relative 
to methods of test. 

Subcommittee XII on Publication of 
General Information (C. S. Cole, chair- 
man) has assisted the Society of Auto- 
motive Engineers in the preparation of a 
new definition of brass and bronze for 
inclusion in the S.A.E. Handbook and 
the chairman has been of assistance in 
matters of general policy on publica- 
tions. 

Subcommittee XITI on Tolerances (J. E. 
McGraw, chairman) prepared a table of 
preferred thicknesses for uncoated metals 
and alloys that might be used by the 
subcommittees having jurisdiction over 
sheet and strip materials. It was sug- 
gested that the table be included as an 
appendix to the sheet and strip specifica- 
tions. Agreement on this proposal was 
not reached by the three subcommittees, 
however. ‘The results of the letter ballot 
vote were reported to the main commit- 
tee and this matter is still under con- 
sideration. 

Several recommendations on_ toler- 
ances have been referred to interested 
subcommittees. In most _ instances 
favorable action been taken on these 
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recommendations and they appear in 
the Appendix. The tolerances in 
twenty-four specifications were critically 
reviewed. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, G. H. Harnden. 

Vice-Chairman, C. S. Cole. 

Vice-Chairman, J. J. Kanter. 

Secretary, V. P. Weaver. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee B-5 presented to the Society 
through Committee E-10 on Standards the following recommendations in line 
with the actions set forth in this report: 


Withdrawal of Emergency Alternate Provisions in Specifications for: 


Cartridge Brass Sheet, Strip, and Disks (EA - B 1 


9), 
Copper-Base Alloys in Ingot Form for Sand Castings (EA - B 30), 


Brass Sheet and Strip (EA - B 36), 


Rolled nape -Alloy Bearing and ri esy Plates for Bridge and Other Structural Uses (EA - ‘B 100), 


Phosphor Bronze Sheet and Strip (EA 
Leaded Brass Sheet and Strip (EA - B 121), 


03), 


Copper-Base Alloy Forging Rods, Bars, and Shapes (EA - B 124), 


Cartridge Brass Cartridge Case Cups (EA - B 129), 
Gilding Metal Sheet and Strip (EA - B 130), 
Gilding Meta] Bullet Jacket Cups (EA - B 131), 
Copper Rods, Shapes (EA B 133), 
Brass Wire (EA 


Phosphor Bronze Ros Bars, and Shapes (EA ~ B 139), - 
Copper-Nickel-Zinc Allo oy Rod and Wire (EA - B 151), 


Copper Sheet, Strip, and Plate (EA - B 152), 
Phosphor Bronze Wire (EA - B 159), 


Aluminum Bronze Sheet and Strip (EA - B 169), and ; 
Tin 8 per cent, Zinc 4 per cent (EA ~ B 60a), since Standard 


Castings of the Alloy: Copper 88 per cent 
B 60 - 41 was withdrawn at the Annual Meeting. 


Revision of Emergency Alternate Provisions in Specifications for: * 
Bronze Castings i + gueeans and Movable Bridges and for Bearing and Expansion Plates of Fixed 


Bridges (EA - 
Steam or Valve Castings (EA - B 61), 


Tin 


These recommendations were accepted by Committee E-10 on August 28, 
1944, and the revised emergency alternate provisions appear in the 1944 Book 


of A.S.T.M. Standards, Part I. 


On November 22, 1944, the Standards Committee accepted the following 


recommendations of Committee B-5: 


Revision of Tentative Specifications for: 


Brass Sheet and Strip’ (B 36 - 

Leaded Brass Sheet and Strip (B 121 - 44 =), 
Gilding Metal Sheet and Strip (B 130 - 44 T), 
Copper Sheet, Strip, and Plate (B 152 - 44 T), 
Aluminum Bronze Sheet and Strip (B 169 - 44 T), 
Naval Brass Rods, Bars, and Sha on (B 21 - 42 T), 
Copper Rods, Bars, and Shapes (B 133 - 44 T), 


Cc "ag emceny Brass or Ounce Metal C astings (EA - B 62a), 

ronze and Leaded Tin-Bronze Sand Castings (EA - B 143a), 
High-Leaded Tin-Bronze Sand Castings (EA - B 144 
Leaded Red Brass and Leaded Semi Red Brass Sand Castings (EA ~ B 145a), and 
Leaded Yellow Brass Sand Castings for General Purposes (EA ~ B 146a). 


Cartridge Brass Sheet, Strip, (B 19-44T), 


This report has been submitted to 
letter ballot of the committee which 
consists of 100 voting members; 45 
members returned their ballots, of whom 
33 have voted affirmatively, and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 
C. H. GREENALL, 
Chairman. 
C. H. Davis, 
Secretary. 
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_ Brass Wire (B 134 - 44 T), 
Phosphor Bronze Rods, Bars, and Sees (B 139 - 44 T), 
Aluminum Bronze Rods, Bars, and Shapes (B 150 - 44 T), 
Copper-Nickel-Zinc Allo Rod and nit (B 151 - 44 T), 
Phosphor Bronze Wire (B 159 -— 44 
Copper Bus Bars, Rods, and Pha, (B 187 - 44 T), 
Copper Bus Pipes and Tubes (B 188 - 44 T), 


Tentative Revision of Standard Specifications for: 
- Manganese Bronze Rods, Bars, and Shapes (B 138 - 43), and 
Leaded Red Brass (Hardware Bronze) Rods, Bars, and ‘Shapes (B 140 - 43). 
The revised tentative specifications and tentative revisions also appear in 
the 1944 Book of A.S.T.M. Standards, Part I. 
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APPENDIX 


~ RECOMMENDATIONS AFFECTING STANDARDS FOR COPPER . 
AND COPPER ALLOYS, CAST AND WROUGHT 


In this Appendix are given the recom- 


- mendations affecting certain standards 


and tentative standards covering copper 
and copper alloys which are referred to 
earlier in this report. The standards 
and tentative standards appear in their 
present form in the 1942 Book of A.S. 
T.M. Standards, Part I, and the 1943 
Supplement, Part I. 


REVISIONS OF TENTATIVE STANDARDS 
The committee recommends that the 
following 25 tentative specifications be 


revised as indicated below and continued 
as tentative: 


Tentative Specifications for Cartridge 
Brass Sheet, Strip, and Disks (B 19 - 
42 T): 


Title—Change the title to read as 
follows: “Cartridge Brass Sheet, Strip, 
Plate, Bar, and Disks.” 

Section 3 (a).—Revise this section by 
including a reference to the Emergency 
Specifications for Fire-Refined Copper 
for Wrought Products and Alloys (A.S. 
T.M. Designation: ES-7), thereby elim- 
inating the need of the Emergency 
Alternate Provisions EA-B 19 which are 
to be withdrawn. 

Section 3 (b).—Insert the words ‘‘clean 
scrap” between the words “or” and 
“composed”’ in line 4. 

Section 4.—Change the requirement 
for lead content from “0.050” to read 
“().070” max., per cent. 

Notre 2.—Change to read as follows: 
“The presence of bismuth or mercury is 


objectionable in cartridge brass, and if 
found by the purchaser in excess of 
0.006 per cent for bismuth and 0.0001 
per cent for mercury, may constitute 
cause for rejection of the lot.” 

Section 15.—Add to the present table 
the width tolerances for square-sheared 
metal and sawed metal shown in the ac- 
companying Table I. 

Section 17.—Replace the present table 
of straightness tolerances by the accom- 
panying Table II. 

Section 18 (a).—Reword the first sen- 
tence of this paragraph to read as follows: 
“The material shall be furnished in flat, 
straight lengths unless rolls are 
specified.” 

Section 18 (b).—Replace present table 
of length tolerances by the accompanying 
Table IIT. 

Section 18 (c).—Change to read: 
“When special lengths are required, they 
shall be specified in the order.” Unila- 
teral plus tolerances from the nominal 


length specified shall be permitted 
as prescribed in the accompanying 
Table IV. 


Tentative Specifications for Bronze Cast- 
ings for Turntables and Movable 
Bridges and for Bearing and Expansion 
Plates of Fixed Bridges (B 22 — 42 T): 


Section 2 (a).—Revise this section by 
including a reference to Emergency 
Specifications ES-7, thereby eliminating 
the need of the Emergency Alternate 
Provisions EA-B 22a which are to be 
withdrawn. 


a 


TABLE I.—WIDTH TOLERANCES. 
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SQUARE SHEARED METAL 
(All Lengths up to 120 in., incl.) 


Width Tolerances,* plus and 
minus, in. 
Width, in. 

in. and Over 

| under in incl. ~ in. in 

|Thickness Thickness Thickness 
20 and under....."...... “% 
Over 20 to 36, incl. ..... 
Over 36 to 60, incl. ..... 


SaweD METAL 


(All Widths up to 112 in., incl.) 


Length, in. 


Width Tolerances,* plus 


and minus, in. 


1% in. and “4 

under in incl., in’ 

Thickness | Thickness 
Over 120 to 200, incl........... “ie is 


@ When tolerances are specified as all plus or all minus, 
double the above values. 


Emergency Alternate Provisions.—In 
EA-B 22a revise the chemical and physi- 
cal requirements of class C bronze cast- 
ings to read as follows: 


Lead, per cent..... 
Zinc, per cent.... 


Nickel, per cent 


Iron, per cent. ... 
Antimony, per cent 


Phosphorus, per cent..... 

Tensile strength, min., psi. . 

Yield strength, min., psi... 
Elongation, in 2 in., min., per cent 


30 000 
14 000 


12 


* This value to be 0.50 max., per cent in permanent 


mold castings. 


Note.—Analysis shall regularly be made only for the 
elements designated in boldface type. However, the 
presence of the other named elements outside of the limits 
specified in this table shall constitute cause for rejection 


of the castings. 


Tentative Specifications for Copper-Base 
Alloys in Ingot Form for Sand Castings 
(B 30-42T): 

The proposed revision of these specifi- 
cations includes changes in the chemical 
requirements for copper-base alloys in 
ingot form for sand casting, changes in 
sampling and the addition of tensile re- 
quirements for these alloys. 


The revised 


specifications are appended hereto.' 


_1 These revised specifications were accepted by the The test specimens shall be taken paral- 
Society and appear in the 1944 Book of A.S.T.M. Stand- 


ards, Part I 


Tentative Specifications for Brass Sheet 
and Strip (B 36- 43 T): 


Section 3 (a).—Revise this section by 
including a reference to Emergency 
Specifications ES-7, thereby eliminating 
the need of the Emergency Alternate 
Provisions EA-B 36 which are to be with- 
drawn. 

Section 3 (b).—Insert the words “‘clean 
scrap” between the words “or” and 
“composed” in line 4. 


TABLE II.—STRAIGHTNESS TOLERANCES, IN. 


Maximum Edgewise Curvature ae (height) of are) 


in any 72 in. Portion of the Total Length ; 


Suit METAL AND Suit METAL witH ROLLED EpceEs 


4 
Rolled 
P ges or as 
As Slit Straight- 
Width, in. ened 
Shipped in| 7 
olls Rolls 
Over % tol, incl............ | 1% 4 


SQUARE SHEARED METAL 
(Not applicable to metal over 120 in. in length) 


Straightness Tolerances, 
in. 


Thickness, in. 
Up to 10 Over 10 
in., incl. in. in 
in Width Width 


SawEepD METAL 
(Not applicable to metal over 144 in. in length) 


Straightness 
Width, in. Tolerances, in. 


3 and under.. 


Section 4.—For alloy No. 4, change the 
requirements for copper from ‘79.0 to 
81.0” to read ‘78.5 to 81.5” per cent. 

Section 12 (a).—Change to read as fol- 
lows: “12. (a) Tension tests shall be made 
on each lot of 5000 Ib. or fraction thereof. 


lel to the direction of rolling in such 
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numbers and from such locations in each 
lot of material under test as to be repre- 
sentative of the quality, and not less 
than three specimens shall be considered 
representative of each lot or fraction 
thereof.” 

Section 12 (b).—Insert the word “three”’ 
before the words “representative speci- 
mens’”’ in the last line. 

Table IV.—In line 12, change the 
value “0.205” to read ‘‘0.187” and delete 
lines 13 to 18, inclusive. 

TABLE I1.—LENGTH TOLERANCES. 


Indicated 
Indicated 
Lengths |Length of 
Stock Length or Mill by Shortest |“ oe 
Length, ft. Weight, | Piece, Weisht 
min., per | min., ft 
cent per cent 
60 4 10 
70 3 10 
80 2 10 


Tolerances 
Specific Length, ft. Automatic ia. 
Machine Square 
Cut, in. Sheared 
Metal, in. 
+% +% 
Geer 00 Ge +% 
Tentative Specifications for Leaded 
Brass Sheet and Strip (B 121-43 T): 


Section 3 (a).—Revise this section by 
including a reference to Emergency 
Specifications ES-7, thereby eliminating 
the need of the Emergency Alternate 
Provisions EA-B 121 which are to be 
withdrawn. 

Section 3 (b).—Insert the words “clean 
scrap” between the words “or” and 
“composed”’ in line 4. 

Section 4.—For alloy No. 2, change the 
requirements for copper from ‘63.00 to 
to 67.00” to read “62.5 to 66.5” per cent 
and the requirements for lead from 
“0.20 to 0.70” to read “0.30 to 0.70” 
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For alloy No. 3, change the require- 
ments for copper from ‘63.00 to 67.00” to 
read “62.5 to 66.5” per cent and the 
requirements for lead range from “0.70 
to 1.10” to read “0.75 to 1.25” per cent. 

For alloy No. 4 change the require- 
ments for copper from ‘61.00 to 64.00” 
to read ‘60.5 to 64.5” per cent and the 
requirements for lead from “1.25 to 2.00” 
to read ‘1.25 to 2.25” per cent. 

Delete alloys Nos. 5 and 7 from the 
table. 

For alloy No. 6, change the require- 
ments for copper from ‘62.0 to 65.5” to 
read ‘60.0 to 64.0” per cent. 

Add a note to the table of chemical re- 
quirements to read as follows: ‘“NoTE.— 
Alloy No. 7 has been discontinued and 
alloy No. 5 has been combined with alloy 
No. 4.” 

Table I.—Reword footnote ¢ to read as 
follows: ‘‘Spring and extra spring temper 
are generally furnished only in alloy No. 
4 (63 per cent copper, 35 per cent zinc).” 

Section 12 (a).—-Reword to read the 
same as recommended above for Section 
12 (a) in Specifications B 36. 

Table IV.—Make the same changes as 
recommended above for Table IV in 
Specifications B 36. 


Tentative Specifications for Copper-Base 
Alloy Forging Rods, Bars, and Shapes 
(B 124-42T): 

Section 3 (a).—Revise this section by 
including a reference to Emergency Spe- 
cifications ES-7, thereby eliminating the 
need of the Emergency Alternate Provi- 
sions EA-B 124 which are to be with- 


_ drawn. 


Tentative Specifications for Cartridge 
Brass Cartridge Case Cups (B 129- 
43 T): 

Section 3 (a).—Revise this section by 
including a reference to Emergency Spec- 
ifications ES-7, thereby eliminating the 
need of the Emergency Alternate Provi- 
sions EA-B 129 which are to be with- 


er 


Section 3 (b).—Insert the words ‘‘clean 
scrap” between the words ‘or’ and 
“composed” in line 4. 


Tentative Specifications for Gilding 
Metal Sheet and Strip (B 130~- 43 T): 


Title.—Change the title to read: ‘“Ten- 
tative Specifications for Gilding Metal 
Strip.” 

Section 3(a).—Revise this section by 
including a reference to Emergency 
Specifications ES-7, thereby eliminating 
the need of the Emergency Alternate 
Provisions EA-B 130 which are to be 
withdrawn. 

Section 3(b).—Insert the words ‘‘clean 
scrap” between the words “or” and 
“composed” in line 4, 

Section 4.—Change the requirement 
for copper from ‘89.00 to 91.00” to read 
“89.00 to 92.00” per cent. 

Section 6.—Reword to read the same as 
recommended above for Section 12(a) in 
Specifications B 36, and renumber as 
Paragraph (a), adding a new Paragraph 
(b) to read as follows: ‘‘(6) The number of 
hardness tests shall be not less than three 
on each of the three representative speci- 
mens.” 

Table IV.—-In line 12, change the 
value “0.205” to read “0.187” and delete 
the last two lines of this table. 


Tentative Specifications for Gilding 


Metal Bullet Jacket Cups (B 131 - 
43 T): 


Section 3(a).—Revise this section by 
including a reference to Emergency 
Specifications ES-7, thereby eliminating 
the need of the Emergency Alternate 
Provisions EA-B 131 which are to be 
withdrawn. 
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Tentative Specifications for Leaded 
High-Strength Yellow Brass (Manga- 
nese Bronze) Sand Castings (B 132 - 
41 T): 


Section 1 (b).—Add the following note 
at the end of this paragraph: “Notr.— 
These specifications cover the technical 
requirements for copper-base alloy cast- 
ings and are not intended for use for the 
corresponding alloys in ingot form which 
are specified in the Tentative Specifi- 
cations for Copper-Base Alloys in Ingot 
Form for Sand Castings (A.S.T.M. Des- 
ignation: B 30).” 

Section 4 (a).—Change the require- 
ment for minimum elongation in 2 in. in 
class A from ‘‘20” to “15.0” per cent and 
for class B from “12” to “15” per cent. 

Section 7 (a).—Change the require- 
ment for copper in class B from “58 to 
64” to read “55 to 60” per cent. 

Change the chemical requirements for 
class A where necessary, to agree with the 
following: 


Min. Max 
56.0 62.0 
remainder 
Aluminum, per cent ............... cs 
Manganese, per cent............... us 


Note.—Analysis shall regularly be made only for the 
elements designated in boldface type. However, the 
presence of the other named elements outside of the limits 
specified in this table shall constitute cause for rejection 
of the castings. 


Tentative Specifications for Copper Rods, 
Bars, and Shapes (B 133 — 42 T): 


Section 3 (a).—Revise this section by 
including a reference to Emergency 
Specifications ES-7, thereby eliminating 
the need of the Emergency Alternate 
Provisions EA-B 133 which are to be 
withdrawn. 

Section 5 (c).—Insert the words ;‘if 
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TABLE V. 
1A 1B 2A 2B 
Min. | Max Min. | Max. | Min Max Min Max. 
Copper, per cent.............c.cceceeeceeeeeee. 86.0 | 89.0 | 86.0 | 89.0 | 86.0 | 90.0 | 85.0 | 89.0 
9.0 11.0 7.5 9.0 5.5 6.5 7.5 9.0 
Zinc, per cent....... 1.0 3.0 3.0 | 5.0 3.0 5.0 3.0 5.0 
Nickel, per cent.............. 1.0 | 1.0 | 1.0 
Iron, per cent 0.15 0.15 0.25 0.25 
Phosphorus, per cent............... 0.05 | 0.05 0.05 0.05 
Tensile — Se eee aera 40 000 40 000 34 000 36 000 
Yield strength, min., psi....................... 18 000 18 000 16 000 16 000 
Elongation, in 2 in., min., per cent. 20 | 20 | 22 18 


Note.—Analysis shall regularly be made only for the elements designated in boldface type. However, the presence 
of the other named elements outside of the limits specified in this table shall constitute cause for rejection of the castings. 


TABLE VI. 
3A | 3 | 3D 3E 
| 

Min. | Max. | Min | Max. | Min. | Max. | Min. | Max. | Min. | Max 
ee re | 78.0 82.0 $1.0 | 85.0 83.0 | 86.0 | 75.0 79.0 68.5 | 73.5 
Tin, per cent piebevwabar sacks 9.0 11.0 6.25 7.5 4.5 6.0 6.25 7.5 4.5 | 6.0 
Lead, per cent 8.0 11.0 6.0 8.0 | 8.0 10.0 | 13.0 16.0 22.0 | 25.0 
| 2.0 64 2.0 | .. 0.75| ... | 0.50 
Nickel, per cent............ 0.50 | 0.50 | 0.75 | | 0.50 
Iron, per cent. . 0.15%) 0.20 | 0.20). 0.15 0.15% 
Antimony, per cent 0.55) . | 0.35, | | 0.30 0.75 | 0.75 
Phosphorus, per cent.................. | 0.05 |: 0 15° | b kes | | 0.05 | 0.05 
Tensile strength, min., psi............. | 25 000 30 000 25 009 | 25 000 | 21 000 
Yield strength, min., psi.. | 12 000 14 000 12 000 | 14 000 P 
Elongation in 2 in., min., per cent 8 12 8 | 10 | 7 


@ This value to be 0.35 max., per cent when used on steel backed bearings. 
This value to be 0.50 max., per cent in permanent mold castings. 

Note.—Analysis shall regularly be made only for the elements designated in boldface type. However, the presence 

of the other named elements outside of the limits specified in this table shall constitute cause for rejection of the castings. 


TABLE VII. 
4A 4B | SA 5B 
Min Max. | Min. | Max. | Min | Max Min Max 
Copper, per cent....0....0.0000000 eee 4.0°| 86.0 | 82.0 | 83.75| 78.0 | 82.0 | 75.0 | 76.75 
4.0 6.0 | 3.25 4.25 2.25 3.5 2.5 3.5 
eo ar rrr 4.0 6.0 | 5.0 7.0 | 6.0 8.0 5.25 6.75 
or rere | 4.0 6.0 5.0 8.0 7.0 | 10.0 | 13.0 | 17.0 
Nickel, per cent | 4.04 1.0 32 | 1.0 
0.05 | 0.03 | 0.02 | 0.02 
Tensile strength, min., psi...................... | 30 000 29 000 29 000 25 000 
Yield strength, min., psi........ eer 14 000 12 000 | 13 000 12 000 
Elongation in 2 in., min., per cent.............) 20 15 | 18 15 


@ In determining copper minimum, copper may be calculated as copp:2r plus nickel. 
Note.—Analysis shall regularly be made only for the elements designated in boldface type. 


However, the presence 


of the other named elements outside of the limits specified in this table shall constitute cause for rejection of the castings. 


Classification 


TABLE VIII. 


Aluminum Bronze 

Numerical Designation........... 9A | 9C | 9D 
Copper, min., percent... .... 86 .0 86 .0 83.0 78.0 
Aluminum, per cent.............. 8.5 to 9.5 9.0 to 11.0 10.0 to 11.5 10.0 to 11.5 
lron, per cent ivi mows wowes 2.5 to 4.0 0.75 to 1.5 3.0 to 5.0 | 3.0 to 5.0 
Manganese, max., per cent seal | 0.5 | 3.5 
Nickel, per cent ; 2.5 max 3.0 to 5.5 
Total named elements, min., | 

per cent 99.0 | 99.0 99.5 | 99.5 


Norte.—-Analysis shall regularly be made for all of the elements in this table. 


254 


q 


nce 


_ RECOMMENDATIONS ON STANDARDS FOR COPPER AND COPPER ALLOYS 255 


required” directly after the word “shall” 
in line 3. 


Tentative Specifications for Brass Wire 
(B 134-42 T): 


Section 3 (a).—Revise this section by 
including a reference to Emergency 
Specifications ES-7, thereby eliminating 
the need of the Emergency Alternate 
Provisions EA-B 134 which are to be 
withdrawn. 

Section 3 (b)..-Insert the words ‘‘clean 
scrap” between the words ‘or’ and 
“composed”’ in line 4. 

Table I.—For alloy No. 4, change the 
requirements for copper from ‘79.0 to 
81.0” to read ‘78.5 to 81.5” per cent. 

For alloy No. 7, change the require- 
ments for copper from ‘64.0 to 67.5” to 
read ‘63.0 to 67.5” per cent. 


Tentative Specifications for Phosphor 
Bronze Rods, Bars, and Shapes 
(B 139-42 T): 


Section 3 (a).—KRevise this section by 
including a reference to Emergency 
Specifications ES-7, thereby eliminating 
the need of the Emergency Alternate 
Provisions EA-B 139 which are to be 
withdrawn. 

Section 3 (b).—Insert the words “‘clean 
scrap” between the words “or” and 
“composed” in line 4. 


Tentative Specifications for Tin-Bronze 
Sand Castings (B 143 — 42 T): 


Section 1—Add the same note at the 
end of the section as recommended above 
in Section 1 of Specifications B 132. 

Section 8.—Change the heading of this 
section from “Pressure and Fracture 
Tests” to “Hydrostatic Test.” 

Emergency Alternate-——In the Emer- 
gency Alternate Provisions EA-B 143a 
delete all provisions except those for the 
cast to size test bar in Section 9 and 
Figs. 3 and 4. 

Tables II and IIT -Change the require- 


ments as to chemical composition and 
tensile properties shown in Tables II and 
III, where necessary, to conform to the 
accompanying Table V. 


Tentative Specifications for High-Leaded 
Tin-Bronze Sand Castings (B 144- 
42 T): 


Section 1 (b).—Add the same note at 
the end of this paragraph as recom- 
mended above in Section 1 of Specifica- 
tions B 132. 

Tables II and III.—Change the re- 
quirements as to chemical composition 
and tensile properties shown in Tables II 
and III, where necessary, to conform to 
the accompanying Table VI. 

Emergency Alternate-—In the Emer- 
gency Alternate Provisions EA-B144a 
delete all provisions except those for the 
cast to size test bar in Section 9 and 
Figs. 3 and 4. 


Tentative Specifications for Leaded 
Red Brass and Leaded Semi Red Brass 
Sand Castings (B 145 — 42 T): 


Section 1.—Add the same note at the 
end of this section as recommended above 
in Section 1 of Specifications B 132. 

Tables II and III.—Change the re- 
quirements as to chemical composition 
and tensile properties shown in Tables 
II and III, where necessary, to conform 
to the accompanying Table VII. 

Emergency Alternate——In the Emer- 
gency Alternate Provisions EA-B 145a 
delete all provisions except those for the 
cast to size test bar in Section 9 and 
Figs. 3 and 4. 


Tentative Specifications for Leaded 
Yellow Brass Sand Castings for Gen- 
eral Purposes (B 146-42 T): 


Section 1.—Add the same note at the 
end of this section as recommended 
above in Section 1 of Specifications B 132. 

Tables II and III.—Change the re- 
quirements as to chemical composition 
and tensile properties shown in Tables 
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II and III, where necessary, to conform 


to the accompanying Table IX. 

Emergency Alternate-——In the Emer- 
gency Alternate Provisions EA-B 146a 
delete all provisions except those for the 
cast to size test bar in Section 9 and 
Figs. 3 and 4. 


Tentative Specifications for High- 
Strength Yellow Brass and High- 
Strength Leaded Yellow Brass Sand 
Castings (B 147 — 42 T): 


Section 1.—Add the same note at the 
end of the section as recommended above 
in Section 1 of Specifications B 132. 

Tables II and IIT,—Change the re- 
quirements as to chemical composition 
and tensile properties shown in Tables II 
and III, where necessary, to conform to 
the accompanying Table X. 


Tentative Specifications for Aluminum- 
Bronze Sand Castings (B 148 -— 42 T): 
Table I.-Change the requirements as 

to chemical composition to read as 

shown in the accompanying Table VIII. 
Table IT.--Change the requirements 

as to tensile properties to read as follows: 


Classification.......... Aluminum Bronze 


As Cast 


oA 9C 9D 


Numerical 


Tensile strength, min., 


65 000 | 65 000 | 75 000 | 90 000 
yield strength,? min., | 


psi 25.000 | 25 000 | 30000 | 40000 
Elongation in 2 in., | 

min., be nt | 20 20 12 6 
Brinell Hardness | 


min. (3000 kg. load) | 110 | 110 150 | 190 


Heat TREATED 


Numeric al Designs ition. 


| OB-HT |9C-HT| 9D-HT 


Ten il stren th, min. 
80 000 110 000 
| | | 


ps 
Yield strength," min., 


psi. 45 000) 60000 
E longation in 2 in., | 

min., per cent | 12 6 
Brinell Hardness No? | 

3000 kg. load) | sees 160 | 190 200 


® Yield strength shall be determined as the stress pro- 
ducing an elongation under load of 0.5 per cent, that is, 
0.01 in. in a gage length of 2 in. 


6 For information only. See Section 8. +e 
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Tentative Specifications for 


Leaded 
Nickel-Brass (Leaded Nickel-Silver) 
and Leaded Nickel-Bronze (Leaded 
Nickel-Silver) Sand Castings (B 149 - 
42 T): 

Table II.—Omit the requirements for 
“Total other constituents;”’ delete all 
requirements for alloy 10 B; change zinc 
to read ‘“‘remainder” in alloys 11 A and 
11 B; change iron content from “1.00” 
to read “1.5” max. in alloys 11 A and 
11 B. 


Tentative Specifications for Aluminum 
Bronze Rods, Bars, and Shapes 
(B 150-41 T): 

Table I.—Add in parentheses after the 
title of the present table the words (Type 
I) and add the following to Table I: 

TENSILE REQUIREMENTS (TYPE II). 


Elonga- 
. ensile le tion in 
Strength, |Strength,*| 2 in., 
aa min., psi.|min., psi. | min., per 
cent 
Rounds Only: 
500 to 1.00, incl. 100 000 50 000 10 
on 1.000 ‘to 2.000, 
OS rer 90 000 45 000 12 
Over 2.000 to 4 000, 
incl...... 85 000 42 500 15 


4 = 0.50 per cent extension. 


Tentative Specifications for Copper- 
Nickel-Zinc Alloy Rod and Wire 
(B 151-42T): 

Section 3 (a).—Revise this section by 
including a reference to Emergency 
Specifications ES-7, thereby eliminating 
the need of the Emergency Alternate 
Provisions EA-B 151 which are to be 
withdrawn. 

Section 3 (b).—Insert the words “clean 
scrap” between the words “or” and 
“composed”’ in line 4. 


Tentative Specifications for Copper 
Sheet, Strip, and Plate (B 152 - 41 T): 
Section 3 (a).—Revise this section by 

including a reference to Emergency 

Specifications ES-7, thereby eliminating 

the need of the Emergency Alternate 

Provisions EA-B 152 which are to be 


withdrawn. i 


7 

| 

| 
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d Section 21.—Change the first sentence including a reference to Emergency 
) to read as follows: “The copper shall be Specifications ES-7, thereby eliminating 
d furnished in flat, straight lengths unless the need of the Emergency Alternate 
- rolls are specified.” When special lengths Provisions EA-B 169 which are to be 
are required, they shall be specifiedin the withdrawn. 
or order. Unilateral plus tolerances from Section 12,—Replace present table by 
ill the nominal length specified shall be per- the accompanying Table II. 
nc mitted as prescribed in the accompanying Section 13.—Change first sentence to 
id Table IV. xead as follows: ‘“The material shall be fin- 
” 
TABLE IX. 
nd — 
6A 6B 6c 

1m Min Max Min. Max Min. Max 

eS 70.0 74.0 65.0 70.0 60.0 65.0 

the remainder remainder remainder 

12 000 11 000 14 000 

m Elongation in 2 in., min., per cent.................. 25 20 15 

Ley $s Note.—Analysis shall regularly be made only for the elements designated in boldface type. However, the presence 

P of the other named elements outside of the limits specified in this table shall constitute cause for rejection of the castings. 
a f the oth del ide of the limi ified in this table shall i for rejection of th i 
t 

ie TABLE X. 

7A 8A 8B 8C 

: Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. 

scenes 56.0 62.0 55.0 60.0 60.0 68.0 60.0 68.0 

er- 

Wire 2.0 | 0.40 | 2.0 2.0 | 4.0 2.0 | 4.0 
1.5 ; 1.5 2.5 | 5.0 2.5 | 5.0 

1 by Tensile strength, 26000085 60 000 65 000 90 000 110 000 

ency Yield strength, min., 20 000 25 000 45 000 60 000 

: Elongation in 2 in., min., per cent............. 15 20 20 12 
Nore.—Analysis shall regularly be made only for the elements designated in boldface type. However, the presence 
nate of the other named elements outside of the limits specified in this table shall constitute cause for rejection of the castings. 

o be 
Tentative Specifications for Phosphor ished in flat, straight lengths unless rolls 

clean Bronze Wire (B 159 — 43 T): are specified.” When special lengths 

and Section 3 (a).—Revise this section by re required, they shall be specified in the 
including a reference to Emergency order. Unilateral plus tolerances from 

a Specifications ES-7, thereby eliminating the nominal length specified shall be 
1m): the need of the Emergency Alternate permitted as prescribed in the accom- 

ol by Provisions EA-B 159 which are to be panying Table IV. 
withdrawn. 

gency REVISION OF STANDARDS, 

ane Tentative Specifications for Aluminum IMMEDIATE ADOPTION 

ma € . r 

mae Bronze Sheet and Strip (B 169 — 42 T): The committee recommends for imme- 

= Section 3 (a).—Revise this section by diate adoption, revisions in 9 specifica- 


New 

i 

\ 

| 

| 

re 


tions, as indicated below, and accordingly 
asks for a nine-tenths affirmative vote at 
the Annual Meeting in order that these 
modifications may be referred to letter 
ballot of the Society. 


Standard Specifications for Free-Cut- 
ting Brass Rod for Use in Screw 
Machines (B 16-42): 


Section 11.—Omit the table in this 
section and add the tolerances as pre- 
scribed in the accompanying Tables XI, 


and XII. 


TABLE XI. —LENGTH TOLERANC ES. 


Length 
Lengths Tolerances, 
plus, in. 
Stock Lengths 1 


TABLE XI1I.—-DIAM ETER JLERANCES. 


Tolerances, plus and 
Diameter or Distance 


a 
—~ Parallel minus,” in. 
Surfaces, in. 
exagon 

Round _|_Octagon_ 
Up to 0.150, incl. 0.0013 0.0025 
Geer 0.150 to 0 500, incl. . 0.0015 0.003 
Over 0.500 to 1.00, ‘incl... 0.002 0.004 
Over 1.00 to 250 incl... 0.0025 0.005 
Over 2.50 | 15 per cent’ 30 per cent 


“When slain are specified as all plus or all minus, 
double the above values. ; 
» Expressed to the nearest 0.001 in. 
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TABLE XIII. 


shall regularly be made only for the designated in boldface 
of the other named elements outside of the limits spe ecified i in this table shall constitute cause for rejection of the castings. 
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Standard Specifications for Steam or 
Valve Bronze Castings (B 61 ~ 42): 
Section 1.—Add the same note at the 

end of this paragraph as recommended 

above in Section 1 of Specifications 

B 132. 

Section 4.—Change the chemical re- 
quirements, where necessary, to agree 
with the following: 


Min Max. 
Copper, per cent................... 86.0 90.0 
Nickel, per cent oi 1.0 
Iron, per cent.......... 0.25 
Phosphorus, per cent............. 0.05 


Note.—Analysis shall regularly be made only for the 
elements designated in boldface type. However, the pres- 
ence of the other named elements outside of the limits spec- 
ified in this table shall constitute cause for rejection of 
the castings. 


Section 6 (b).—-Renumber as Section 7 
with heading “Hydrostatic Test,” re- 


numbering the following sections ac- 
cordingly. 


Standard Specifications for Composition 
Brass or Ounce Metal Castings 
(B 62-41): 

Sections 1 and 6 (d).—Make the same 
changes as recommended above in Sec- 

tions 1 and 6(b) of Specifications B 61. 


: _|Phosphor Bronze, Hard Bronze | Medium Bronze Soft Bronze 
: _ Min. | Max. Min. | Max. Min. | Max. Min. | Max. 
Copper, per cent remainder remainder remainder remainder 
Lead, | 9 12 10 16 16 | | 27 
Zinc, per cent.......... sdivuddoerussenreaal 0.75 1.25 1.25 1.25 
Iron, per cent.... 0.15 | 0.20 | 
Antimony, per cent 0.75 0.75 | ... | 
Phosphorus, per cent 0.20 0.50 0.05 
Other impurities, max., per cent 0.50 | 0.35 0.75 | 0.75 


However, the presence 
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Section 4.—Change the chemical .re- 
quirements, where necessary, to agree 
with the following: 


Min Max 
Tin, per cent ; a5 4.0 6.0 
Lead, per cent 4.0 6.0 
Zinc, per cent 4.0 6.0 
Phosphorus, per cent........... 0.05 


Note.—Analysis shall regularly be made only for the 
elements designated in boldface type. However, the 
presence of the other named elements outside of the limits 
specified in this table shall constitute cause for rejection 
of the castings. 

“In determining copper, minimum copper may be 
computed as copper plus nickel. 


Standard Specifications for Bronze Cast- 
ings in the Rough for Locomotive 
Wearing Parts (B 66-— 38): 


Table I.—Change the requirements as 
to chemical composition shown in Table 
I, where necessary, to conform to the 
accompanying Table XIII. 


Standard Specifications for Car and 
Tender Journal Bearings, Lined 
(B 67 — 38): 


Section 3.—Change the requirements 
as to chemical composition of the backing, 
where necessary, to conform to the 
following: 


| Min Max 

Copper, per cent............... 65 75 
4.5 6.5 
Lead, per cent................. 24 
Zinc, per cent 3 
Other impurities, max., per cent 1 


Notr.—Analysis shall regularly be made only for the 
elements designated in boldface type. However the 
presence of the other named elements outside of the limit 
specified in this table shall constitute cause for rejection 
of the castings. 


Standard Specifications for Copper-Sili- 
con Alioy Sheet for General Purposes 
(B 97-41): 


_ ‘Title.--Change the title to read as 
lollows: “Standard Specifications 


for 


~ RECOMMENDATIONS ON STANDARDS FOR COPPER AND COPPER ALLOYS 259 


Copper-Silicon Alloy Sheet and Strip for 
General Purposes.”’ 

Section 12.—Replace the straightness 
tolerances in the present table by the 
accompanying Table IT. 


Section 13.—Change the first sentence 
to read as follows: “The material shall be 
furnished in flat, straight lengths, unless 
rolls are specified.” Also add the length 
tolerances as shown in the accompanying 
Tables III and IV. 


Standard Specifications for Copper-Sili- 
con Alloy Rods, Bars, and Shapes 
(B 98-42): 


Table IT.—Revise the values for hard 
temper for types A, C, and D alloy rods, 
and shapes by adding the following: 


HARD TEMPER, TYPES A, C, AND D ALLOY 
RODS, AND SHAPES. 


= 2 
an 
Diameter or Distance] £-2 | et 
Faces, in. | Se. 

|gisi vz 
§& SE | S88] 

foo} 
Up to 4%, incl. .......| 85000 | 50000 8 90 
Over \% to %, incl....| 85000 | 50000 14 90 

Standard Specifications for Rolled 


Copper-Alloy Bearing and Expansion 
Plates for Bridge and Other Structural 
Uses (B 100 ~ 43): 


Section 3 (a).—Revise this section by 
including a reference to Emergency 
Specifications ES-7, thereby eliminating 
the need of the Emergency Alternate Pro- 
visions EA-B 100 which are to be with- 
drawn. 


Standard Specifications for Phosphor 
Bronze Sheet and Strip (B 103 — 43): 


Section 3 (a).—Revise this section by 
including a reference to Emergency 
Specifications ES-7, thereby eliminating 
the need of the Emergency Alternate 
Provisions EA-B 103 which are to be 
lrawn. 
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Section 3 (b).—Insert the words “clean 
scrap” between the words “or” and 
“composed”’ in line 4. 

Section 14.—Add,to Table IV the 
tolerances for sawed metal as shown in 
the accompanying Table II. 

Section 16.—Change the first sentence 


to read ““The material shall be furnished 
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in flat, straight lengths, unless rolls are 
specified.” Delete the third sentence. 
Replace the present table of straightness 
tolerances in Section 15 by the accom- 
panying Table II. 

Section 17.—Add the length tolerances 
as shown in the accompanying Tables 
and IV. 


| 


Committee B-6 on Die-Cast Metals 
and Alloys held two meetings during the 
year: one in Pittsburgh, Pa., on June 
29, 1943, and one in Cincinnati, Ohio, 
on February 29, 1944, with an attendance 
of 40 and 34, respectively. 

A balance of $2869.00 was reported by 
Society Headquarters in the fund of 
Committee B-6 as of December 31, 1943. 

The special subcommittee charged 
with raising $2000 has completed its as- 
signment and has been discharged. ‘The 
American Die Casting Institute’s dona- 
tion of $1000 represented the manu- 
facturers of die castings so no other 
solicitation was made of such concerns. 
From the remainder of the membership 
about 30 companies were invited to 
contribute to this fund of which six were 
approached for $100 each and the re- 
mainder for $50 each. An itemized list 
of the 27 contributors follows: 
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DIE-CAST METALS AND ALLOYS 


Aluminum Company of America........ $100 
Aluminum and Magnesium, Inc.......... 50 
American Brass Co., TRE... 100 
American Die Casting Institute......... 1000 
American Machine and Metals.......... 25 
American Smelting and Refining Co...... 50 
American Society for Metals............ 125 
Bell Telephone Laboratories, Inc......... 100 
Briggs and Stratton Corp............... 50 
Duquesne Smelting Co.................. 50 
50 
Gerity-Adrian Manufacturing Co........ 50 
International Harvester Co.............. 50 
National Cash Register Co.............. 50 
50 
National Smelting Co................ . 100 
New Jersey Zinc Co. (of Pa.), The....... 100 
261 


150 
Sperry Gyroscope 50 
Titan Metal Manufacturing Co.......... 50 
U.S. Smelting, Refining,and MiningCo... 50 
Westinghouse Air Brake Co............. 50 

$2800 


At the present time the committee 
consists of 82 members, of whom 38 are 
classified as producers, 21 as consumers, 
and 23 as general interest members. 


RECOMMENDATIONS ACCEPTED BY Com- 
MITTEE E-10 ON STANDARDS 


Subsequent to the 1943 Annual Meet- 


ing, Committee B-6 presented to the 
Society, through Committee E-10 on 


Standards, the following recommen- 
dations: 

a 
New Emergency Specifications for: GP 


Special Quality, Magnesium-Base Alloy Die 
Castings (ES 40),} 

Revision of Emergency Specifications for: 

Special Quality, Aluminum-Base Alloy Die 
Castings (ES — 29)!, and 

Revision of the Emergency Alternate Provisions in: 


Standard Specifications for Zinc-Base Alloy 
Die Castings (EA — B 86). 


Imergency Specifications ES - 40 
and revised Emergency Specifications 
ES - 29 were accepted by Committee 
K-10 on May 18, 1944, and November 
24, 1943, respectively, and are available 
as separate reprints. An editorial re- 
vision in Emergency Standards ES — 29 
and ES —40 changing all references to 
read “special quality die castings” was 


accepted by Committee E-10, 


11944 Book of A.S.T.M. Standards, Part I, 


n- % 
les 
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The revised Emergency Alternate 
Provisions EA - B &86b were accepted by 
Committee E-10 on January 8, 1944, 
published in ASTM Bu ttetin, No. 126, 
January 1944, p. 46, and have been 
issued in the form of a pink sticker for 
attachment to the standard. As indi- 
cated below, it is now recommended that 
these emergency provisions be with- 


drawn. 
EMERGENCY ALTERNATE PROVISIONS 
The committee recommends that 


Emergency Alternate Provisions EA - 
B 85a in the Standard Specifications for 
Aluminum-Base Alloy Die Castings (B 
85-42) and the Emergency Alternate 
Provisions EA —-B 86b in the Standard 
Specifications for Zinc-Base Alloy Die 
- Castings (B 86 - 43) be discontinned. 


I. REviston OF TENTATIVE STANDARD 


The committee recommends that the 
Tentative Specifications for Magnesium- 
_ Base Alloy Die Castings (B 94 - 40 T) be 
revised as follows and continued as 
tentative: 
he Section 1.—Change the scope to specify 
three alloys instead of two and designate 
the new alloy as alloy No. 13X. 
Section 3.—In the table of require- 
_ments for chemical composition, add the 
following requirements for alloy No. 


- 


13X: 
Alloy No. 13X 
Magnesium, per cent..... remainder 
Aluminum, per cent............... 8.3 to 9.7 
Manganese, min., per cent......... 0.13 
0.4 to 1.0 
Silicon, max., per cent............. 0.3 
Copper, max., per cent............ 0.05 
Nickel, max., per cent............. 0.002 
Iron, max., percent ............. 0.004 


Explanatory Notes.—In Note 1 add 
reference to the fact that the tensile 
strength, per cent elongation, and Charpy 
impact of alloy No, 13X are the same as 
those for alloy No. 13. 

Add the following paragraph to Note 
2: “Alloy No. 13X has a specific gravity 
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of about 1.81. It has good casting 
characteristics and possesses unusually 
good resistance to salt water corrosion.” 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 82 members; 68 mem- 
bers returned their ballots, of whom 45 
have voted affirmatively, 2 negatively, 
and 21 members marked their ballots 
“not voting.” 


II. ApopTion OF TENTATIVE STANDARD 
AS STANDARD 


The committee recommends that the 
Tentative Specifications for Lead- and 
Tin-Base Alloy Die-Castings (B 102 - 
39 T) be approved for reference to letter 
ballot of the Society for adoption as 
standard. 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 82 members; 6/7 
members returned their ballots, of whom 
35 have voted affirmatively, 0 negatively, 
and 32 members marked their ballots 
“not voting.” 

III. REvIsSION OF STANDARD AND 
REVERSION TO TENTATIVE 


The committee recommends that the 
Standard Specifications for Aluminum- 
Base Alloy Die Castings (B 85 — 42) be 
revised as follows and reverted to tenta- 
tive: 

Section 1.—Revise second sentence to 
read: “Seven alloy compositions are 
specified, designated as alloys Nos. S4, 
$5, S9, SC2, SC5, SC6 and SC7.” 

Section 2.—Delete Paragraphs (6) 
and (c). 

Section 6.—Designate the present sec- 
tion as Paragraph (a), and add the 
following as Paragraph (0): “When so 
specified by the purchaser, castings 
shall be produced by the cold-chamber 
process.” 

Table I1.—Replace the present table 
and notes with the accompanying 
Table I: 


‘ 
| 
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TABLE I.—CHEMICAL REQUIREMENTS? 


Die-Cast METALS AND ALLOYS 


Tron, 
sopper max., |Silicon, max., 
Alloy’ per cent per | per cent 
cent | 
| 
S4.. 0.6 max 2.0 | 4.5 to 6.0 
0.6 max 2.0 11.0 to 13.0 
0.6 max 1.3 11.0 to 13.0 
ob 3.0to4.0 | 2.0 4.5to 5.5 
tae 3.0to4.0 | 1.3 | 4.5to 5.5 
3.0to4.0 | 1.3 7.5to 9.5 
3.0to4.0 | 2.0 7.5to 9.5 


Other 
Manga- | Mag- Zinc, Nickel Tin, Constit- 
nese, nesium | max., ‘=. | uents, 
max., max., per cent per max., 
| per cent | per cent! cent per cent (Total), 
| per cent 
0.3 0.1 0.5 0.5 0.1 0.2 
0.3 0.1 0.5 0.5 0.1 0.2 
0.3 0.1 0.5 0.5 0.1 0.2 
0.5 0.1 1.0 os i 0.5 
0.5 0.1 0.6 0.5 | 0.3 0.5 
0.5 0.1 0.6 0.5 | 0.3 0.5 
0.5 0.1 1.0 0.5 | 0.3 0.5 


“ Analysis shall ordinarily be made only for the elements 
elements is suspected, or indicated in the course of routine 


mentioned in this table. If, however, the presence of other 
analysis, further analysis shall be made to determine that 


the total of these other elements does not exceed the amount given in the last column. 
’ Alloys $4, S5, SC2, and SC7 are suitable for the production of castings by either the gooseneck or the cold-chamber 
process. Castings of alloys $9, — and SC6 may be made only in cold-chamber machines 


© Alloys $4, $5, SC2, SC5, SC6 an 
B and LXXIX-A. 


A ppendix.—Delete the word ‘“Rock- 
well” from the fourth sentence and sub- 
stitute the following table for the one 
now given: 


Tension Tests on 
Round Specimens Charpy 
Impact 
Tensile | Elongation | Specimens, 
Strength, | in 2in., ft-lb. 
psi. | per cent 
S4 30 000 5.0 4.5 
37 000 1.8 2.0 
S9 35 000 3.5 
38 000 2.5 2.3 
35000 | 3.0 3.0 
41 000 3.0 3.5 
43 000 2.0 3.2 


This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 82 members; 76 mem- 
bers returned their ballots, of whom 52 
have voted affirmatively, 1 negatively, 
and 23 members marked their ballots 
“not voting.” 


IV. TENTATIVE STANDARD CONTINUED 
AS TENTATIVE 


The committee recommends that the 
Tentative Specifications for Copper- 
Base (Brass) Alloy Die Castings (B 176 
- 42 T) be continued as tentative without 
revision. 


This recommendation has been sub- . 


mitted to letter ballot of the committee 


SC7 formerly were designated, respectively, as alloys IV, V, VII-A, VII-B, LXXIX- 


which consists of 82 members; 68 mem- 
bers returned their ballots, of whom 38 
have voted affirmatively, 0 negatively, 
and 30 members marked their ballots 
‘not voting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Aluminum- Base 
Die Casting Alloys (J. J. Bowman, chair- 
man, replacing E. E. Thum, resigned) 
prepared the revision in the Emergency 
Specifications for Special Quality Al- 
uminum-Base Alloy Die Castings (ES 
~ 29), referred to earlier in this report. 

Two companies have produced test 
bars of alloy G2 (8 per cent magnesium, 
remainder aluminum) for salt spray and 
atmospheric exposure testing. It is 
planned to expose these bars in indus- 
trial and sea coast atmospheres in 
August of this year at which time ex- 
posure racks, from previous programs, 
will become available. 

Plans for the casting of test bars of 
alloy SG2 (9.5 per cent silicon, 0.5 per 
cent magnesium, remainder aluminum) 
have not progressed as rapidly as de- 
sired. It is hoped that both alloy G2 
and alloy SG2 will be ready for at- 
mospheric exposure testing simultane- 
ously. Rav 


: 
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mittee is attempting to eliminate minor 
discrepancies and promote better agree- 
ment between the Government and 
A.S.T.M. specifications for aluminum 
die castings. 

Subcommittee II on Zinc-Base Die-Cast- 
ing Alloys (A. E. Weiss, chairman, re- 
placing C. T. Prendergast, resigned) 
is preparing revisions in the Tentative 
Specifications for Special Grade Zinc- 
Base Alloy Die Castings (B 186 —- 42 T) 
and recommends that Emergency Alter- 
nate Provisions EA — B 86b in the Stand- 
ard Specifications for Zinc-Base Alloy 
Die Castings (B 86 — 43) be discontinued 
as mentioned earlier in this report. 

Subcommittee IV on Physical Tests of 

_- Die Castings (R. L. Templin, chairman) 
discussed tension-impact testing and the 


development of standard test bar dies. 
The discussions tension-impact 


testing of die castings revealed that 
_ Government sponsored research on im- 
pact testing was being conducted at 
California Institute of Technology and 
at Watertown Arsenal. The results of 
these investigations are expected to be 
released eventually. In addition, the 
chairman will investigate the progress 
made on this problem by Committee 
-E-1 on Methods of Testing. 
The subcommittee discussed the de- 
_sirability of undertaking the design of 
_ standard test bar dies for the production 
of test specimens. After examining 
many test bar die designs, it was apparent 
that the design for zinc alloys could not 
be used for aluminum, magnesium, or 
brass alloys. In fact there was evidence 
that it was impossible to adopt one 
standard die for the aluminum alloys 
alone. In view of this evidence it was 
decided to table this problem until the 
results are known of the work being done 
by a sub-subcommittee of Subcommittee 
I which is now engaged in a study of 
certain aluminum die-casting alloys as 
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cast in the same die, with two gate sizes, 
by several different producers. 
Subcommittee V on Exposure and 
Corrosion Tests (W. M. Peirce, chairman) 
has decided to recall all test specimens 
from the exposure locations which had 
been scheduled for testing during 1944. 
This includes (/) one zinc and nine 
aluminum alloys from six outdoor sites 
and one zinc and twelve aluminum 
alloys from four indoor sites after 15 
years of exposure, (2) twenty round and 
four flat tension bars of each of three 
aluminum alloys from three outdoor 
locations after 10 years of exposure, and 
(3) three zinc and four magnesium alloys 
from ten sites after 5 years of exposure. 
Volunteers, to assist with the testing 
of these specimens, are being solicited. 
Subcommittee VII on Magnesium-Base 
Die-Casting Alloys (H. W. Schmidt, 
chairman, replacing J. A. Gann, re- 
signed) prepared the Emergency Speci- 
fications for Special Quality, Mag- 
nesium-Base Alloy Die Castings (ES - 
40) and recommended the revisions in 
the Tentative Specifications for Mag- 
nesium-Base Alloy Die Castings (B 94 
-40T) covered earlier in this report. 
Subcommiitee VIII on Copper-Base 
(Brass) Die-Casting Alloys (J. C. Fox, 
chairman) decided to determine the 
mechanical properties and physical con- 
stants of the brass alloys listed in the 
Tentative Specifications for Copper- 
Base (Brass) Alloy Die Castings (B 176 
-42 T). For this purpose, test bars will 
be die cast by several producers from 
alloys both with the normal range of 
compositions as well as from alloys 
having the maximum and minimum 
impurity limits. 
The subject of die steels for brass alloy 
die casting is under consideration. Be- 
fore undertaking new experimental work, 


.it was decided that the chairman should 


prepare a paper covering the work that 
has been done to date. 
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On Die-Cast METALS AND ALLOYS 


The election of officers for the ensuing returned their ballots, of whom 61 have 


term of two years resulted in the selec- voted affirmatively, and 0 negatively. 
tion of the following: 


Chairman, J. R. Townsend. Respectfully submitted on behalf of 
Vice-Chairman, J. C. Fox. 
Secretary, G. L. Werley. = 


J. R. TOWNSEND, 


This report has been submitted to Chairman. 
letter ballot of the committee which G. L. WERLEY, 
consists of 82 members; 65 members Secretary. 


Ad 
EDITORIAL NOTE 


Subsequent to the Annual Meeting Committee B-6 recommended to Com- _ 
mittee E-10 on Standards that the following emergency alternate provisions be we a 
withdrawn: 


Emergency Alternate Provisions in: 


Standard Specifications for Aluminum-Base Alloy Die Castings (FA- B 85a), 
and 

Standard Specifications for Zinc-Base Alloy Die Castings (EA - B 86b). 

This recommendation was accepted by Committee E-10 on August 28, 1944. 
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REPORT OF COMMITTEE B-7 


ON 


- LIGHT METALS AND ALLOYS, CAST AND WROUGHT 


Committee B-7 on Light Metals and 
Alloys, Cast and Wrought, has held two 
meetings during the past year: in 
Pittsburgh, Pa., on June 30, 1943, and 
in Cincinnati, Ohio, on March 1, 1944. 
Several of the subcommittees also held 
meetings during this period. 

A number of changes in the member- 
ship of Committee B-7 and its various 
subcommittees have been made during 
the year. The membership of the com- 
mittee now totals 55, of whom 22 are 
classified as producers, 22 as consumers, 
and 11 as general interest members. 

It is with regret that record is made of 
the resignation of J. A. Gann, vice- 
chairman of Committee B-7 and chair- 
man of Subcommittee IV, as Mr. Gann 
has long been identified with the activi- 
ties of Committee B-7. H.W. Schmidt, 
also of Dow Chemical Co., was appointed 
chairman of Subcommittee IV to replace 
Mr. Gann. 

In general, the activities of Committee 
B-7 and its subcommittees during the 
year have been directed toward bringing 
the various specifications under its 
jurisdiction in line with present produc- 
tion practices. work has been 
handicapped for several years, and is 
still handicapped to some extent, by the 
uncertainty with respect to the avail- 
ability of certain materials and lack of 
data in connection with the effect of 
impurities in various alloys. The data 
presented by Walter Bonsack, a member 


of Committee B-7, in his two papers on 
“The Effects of Minor Alloying Elements 
on Aluminum Casting Alloys’! have 
been of material help in this problem. 

The committee’s activities in this 
connection are reflected in the various 
changes in specifications recommended 
in this report. 


I. REVISION OF TENTATIVE STANDARDS 


The committee recommends that the 
fourteen tentative specifications listed in 
Item I of Table I be revised as indicated 
in the Appendix and continued as tenta- 
tive. These revisions are desired in 
order to bring the specifications in line 
with present commercial practices. 

Code System for Designation of Magne- 
sium Alloys.—The committee is also 
recommending the adoption of a code 
system for the designation of the 
magnesium-base alloys in the various 
magnesium specifications under its juris- 
diction. This system was developed by 
Subcommittee VII following the system 
adopted in 1942 for the aluminum-base 
alloys. The basis of this code system 
is as follows: 


Letters will be used to designate the alloy 
constituents and numbers for the approximate 
composition. The alloy constituents present 
in the greatest amount will be shown first, and 
the minor constituents following in order of 
the amount present. The alloy constituents 
shall be designated by the following letters: 


1 ASTM Buttetins, No. 117, August, 1942, p. 54, and 
No. 124, October, 1943, p. 41. 
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A—aluminum 
M—manganese* 
S—silicon 
Z—zinc 
T—tin 
D—cadmium 
X—High Purity® 


*To be used only where manganese is a primary 
constituent. 

+ To be used where the impurities iron and nickel are 
controlled to low limits. 


For the most part the letter designation is 
relatively simple. Only the major alloy con- 
stituents are considered. A number follows 
the letter to designate the approximate com- 
position. Thus a binary alloy containing 4 
per cent aluminum would be designated A4. 
Since all magnesium alloys contain manganese 
in a small but essential amount, this will be 
understood but will not be considered in the 
designation. An alloy containing6 per cent 
aluminum and 3 per cent zinc would be desig- 
nated AZ63. If any alloy constituent is present 
in less than 1 per cent or if no minimum amount 
is specified, it will be designated by a zero. 


The system is very flexible and can be 
easily extended. The alloy designations 
assigned in accordance with this code 
to the present specifications for magne- 
sium-base alloys are given in the Ap- 
pendix in connection with the revisions 
in Specifications B 80, B 90, B 91, B 93, 
and B 107. 


II. ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


Suppliers of aluminum ingot as covered 
by the Tentative Specifications for 
Aluminum Ingots for Remelting (B 24 - 
41T) have been contacted for possible 
objections to the adoption of these 
specifications as standard. No objec- 
tions have been recorded, and it is, 
therefore, recommended that the speci- 
fications be approved for reference to 
letter ballot of the Society for adoption 
as standard. 


III. Tentative STANDARDS CONTINUED 
AS TENTATIVE WITHOUT CHANGE 


In accordance with the Regulations of 
the Society, the committee has reviewed 
those tentative standards which have 


stood for two years or more without 


revision and recommends that the follow- | 


ing specifications and methods of test be 
continued as tentative without change: 


Tentative Specifications for: 


Aluminum for Use in Iron and Steel Manu- | 


facture (B 37 - 42 T), 

Aluminum-Base Alloys in Ingot Form for 
Die Castings (B 125 - 42 T), 

Tentative Methods of Test for: 


Dielectric Strength of Anodized Aluminum 
(B 110-39 T), 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Afirm-| Nega- | Marked 
rm- ega- | Marke 
Items ative tive “Not 
Voting”’ 


Proposed Code System for De- 
signation of Magnesium Base 
Alloys 


I. REVISION oF TENTATIVE 
STANDARDS 


Spec..for Aluminum Sheet and 
Plate (B 25 - 43 T) 

Spec. for Aluminum-Base Alloy 
Sand Castings (B 26 - 43 T) 

Spec. for Aluminum-Alloy 
(Duralumin) Sheet and 
Plate (Aluminum-Copper- 
Magnesium-Manganese) (B 
78 - 42 T) 

Spec. for Aluminum-Manga- 
nese Alloy Sheet and Plate 
(B 79 - 43 T) 


pec. for Magnesium-Base Al- 
‘oy Sand Castings (B 80 - 


Aluminum- Alloy 
(Duralumin) Bars, Rods, 
Wire, and Shapes’ (Alum- 
inum-Copper-Magnesium- 
(B 89 - 42'T)... 

Spec. for Magnesium-Base Al- 
loy Sheet (B 90 - 41 T) 

Spec. for Magnesium-Base Al- 
loy hoes, pa (B 91 - 41 T) 

Spec. for Magnesium-Base Al- 
loys in Ingot Form for Sand 
Castings and Die Castings 
(B 93-41 T). 

Spec. for Magnesium-Base Al- 
loy Bars, Rods, and Shapes 
(B 107 - 41 T).. 

Spec. for Aluminum-Base Al- 
loy Permanent Mold Cast- 
ings (B 108-43 T).. 

sium-Chromium Alloy She 
and Plate (B 109-43 T) . 

Spec. for Aluminum-Manga- 
nese Alloy Sheet and Plate 
for Use in Welded Pressure 
Vessels (B 126 - 43 T) 

Spec. for Aluminum Sheet and. 
Plate for Use in Welded Pres- 
sure Vessels (B 178 - 43 T). 


Il. Apoption oF TENTATIVE 
STANDARD AS STANDARD 


Spec. for Aluminum Ingots for 
Remelting (B 24 - 41 T) 


4 
‘ 
7 
27 0 4 
17 0 0 
20 1 10 
| 
18 0 13 
27 0 & 
18 0 13 
17 0 14 
10 0 14 
15 0 7 
12 0 12 
20 «| 1 10 
17 0 14 
17 0 14 
| 
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Sealing of Anodically Coated Aluminum 
(B 136-40 T), and 

Weight of Coating on Anodically Coated 
Aluminum (B 137-40 T). 


In the case of Tentative Specifications 
B 37 and B 125, revisions are contem- 
plated as soon as the necessary comments 
from consumers are available, and when 
data with respect to changes in the 
Standard Specifications for Aluminum- 
Base Alloy Die Castings (B 85 — 42) are 
received from Committee B-6 on Die- 
Cast Metals and Alloys. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, which consists 
of 55 members, with the results shown in 
Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Aluminum and 
Aluminum Alloy Ingots (A. Sugar, chair- 
man).— Following a review of the Tenta- 
tive Specifications for Aluminum Ingots 
for Remelting (B 24-417), the sub- 
committee recommended that they be 
adopted as standard at this time. The 
subcommittee has also reviewed the 
other tentative specifications under its 
jurisdiction and will shortly recommend 
changes in the Tentative Specifications 
for Aluminum-Base Alloys in Ingot 
Form for Sand Castings (B 58 — 42 T) 
and for Permanent Mold Castings 
The contemplated 
changes are intended to bring these 
specifications in line with the respective 
product specifications. When recom- 
mendations have been received from 
Subcommittee I of Committee B-6 with 
respect to changes in the Standard 
Specifications for Aluminum-Base Alloy 
Die Castings (B 85~—42), changes are 

1 See Editorial Note, p. 269. 


contemplated in the Tentative Specifica- 
tions for Aluminum-Base Alloys in Ingot 
Form for Die Castings (B 125 - 42 T). 
Subcommittee IT on Aluminum Alloy 
Castings (R. W. Waring, chairman).— 
This subcommittee has prepared revi- 
sions in the Tentative Specifications for 
Aluminum-Base Alloy Sand Castings 
(B 26-43 T) and for Aluminum-Base 
Alloy Permanent Mold Castings (B 108 - 
43 T), as given in the Appendix. 
During the year at the request of 
Frankford Arsenal, the subcommittee 
collected data on the dimensional sta- 
bility and resistance to corrosion of the 
various casting alloys. ‘These data were 
developed on an unofficial basis, Mr. 
Waring acting as the clearing agent for 
such information as supplied by the 
various members. No definite future 
_ program of activities has been set up, but 
it is assumed that there will be further 
work required in connection with the 
specifications under its jurisdiction as 
the availability of the materials becomes 
more stable and consumer demands 
develop for other alloys. 
Subcommittee IIT on Wrought Alumi- 
num and Wrought Aluminum Alloys 
(P. V. Faragher, chairman).—A review 
has been made by this subcommittee of 
the various specifications under _ its 
jurisdiction in the light of present com- 
mercial practices. ‘This has resulted ina 
number of changes in these specifications 
being recommended as detailed in the 
Appendix. It will be noted that these 
include the deletion of the product term 
“strip,” this product now being com- 
mercially known as “coiled sheet.” 
Subcommittee IV on Magnesium and 
Magnesium Alloys, Cast and Wrought 
(H. W. Schmidt, chairman). ~This sub- 
committee has prepared revisions in the 
five tentative specifications covering 
magnesium products under its jurisdic- 
tion. ‘The detailed revisions are given 
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in the Appendix. The subcommittee is 
at present developing an atmospheric 
exposure corrosion program of uncoated 
magnesium alloys and galvanic couples. 
This program is being formulated in 
cooperation with the Advisory Commit- 
tee on Corrosion and Subcommittee VIII 
of Committee B-3 on Corrosion of 
Non-Ferrous Metals and Alloys. 
Subcommittee V on Testing of Light 
Alloys (R. L. Templin, chairman).— 
This subcommittee has reviewed the 
cold bend testing procedure recom- 
mended for use with aluminum and 
magnesium, as covered by existing 
specifications. No changes appear 
necessary, the review indicating that no 
difficulties were being encountered in 
applying the present procedure. 
Subcommittee VI on Anodic Oxidation 
of Aluminum and Aluminum Alloys (J. 
D. Edwards, chairman).—A review of 
the three tentative methods of testing 
anodic coatings (B 110, B 136, and 
B 137) has been made and the subcom- 
mittee recommends that they be con- 
tinued as tentative without change. 
These methods were supplied to the 
British Standards Institute in answer 
to a request for information on means of 
appraising the quality of anodic coatings. 
The subcommittee has also offered to 
cooperate with them in developing any 
other methods that might be required. 
The weather exposure tests on anodic 
coatings, reported in the 1943 annual 
report, are still being continued. Al- 


Eprrorrat Note 
J 


Suheeenen to the Annual Meeting Committee B-7 presented 1 to » the Society 
through Committee E-10 on Standards the following recommendations: 
Revision of Tentative Specifications for: 
Aluminum-Base Alloys in Ingot Form for Sand Castings (B58-42T), 
Aluminum-Base Alloys in Ingot Form for Permanent Mold Castings (B 112 — 


41 T), and 


Aluminum-Base Alloys in Ingot Form for Die Castings (B 125 - 


The first two recommendations were accepted by Committee E-10 on No- 
vember 9, 1944, and the latter on November 13, 1944. 
specifications a ie in the 1944 Book of A.S T -M. Standards, Part I. 
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though no definite program for future 
work has been developed, there are 
several items that are contemplated for 
investigation as soon as materials and 
manpower are available. Several lab- 
oratories have offered their facilities 
for additional tests on aluminum and 
magnesium castings. The subcommittee 
plans to initiate work on a new program 
in the near future. 

Subcommittee VII on Codification of 
Light Alloys (I. V. Williams, chair-— 
man).—A code system for the designa- 
tion of magnesium-base alloys has been 
prepared by this subcommittee, the 
details of which are given earlier in this 
report. 


’ The committee has voted to create a 


new subcommittee to plan and conduct 
corrosion tests, on products within the 
jurisdiction of the committee. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, D. L. Colwell. 

Vice-Chairman, R. W. Waring. 

Secretary, J. J. Bowman. 


Respectfully submitted on behalf of 
the committee, 


Sam Tour, 
Chairman. 


H. J. Rowe, 
Secretary. 
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APPENDIX 


RECOMMENDATIONS AFFECTING STANDARDS FOR LIGHT METALS 
AND ALLOYS, CAST AND WROUGHT 


I. REVISIONS OF TENTATIVE 
STANDARDS 


The committee recommends that the 
following sixteen tentative specifications 
be revised as indicated below and con- 
tinued as tentative. ‘These revisions are 
desired in the case of the specifications 
for wrought alloys to bring them in line 
with present commercial products as pro- 
duced by the newer manufacturing 
methods. In the case of the specifica- 
tions for casting alloys, the changes are 
desired to provide improved castings or 
greater availability of material. 


Tentative Specifications for Aluminum 
Sheet and Plate (B 25 — 43 T): 


The product formerly called “strip” 
now is termed “coiled sheet.” Delete all 
references to “‘strip” in the text and sub- 
stitute, where necessary, the term “‘coiled 
sheet.” 

Section 7 (b).—Reword the last para- 
graph to read as follows: “If so specified 
in the contract or order, plate shall be 
supplied in the soft temper, with a tensile 
strength of not less than 11,000 nor more 
than 15,000 psi., and an elongation in 2 
in. of not less that 28 per cent.” 

Table I.—Change the minimum elon- 
gation for half-hard sheet in the thickness 
range of 0.114 to 0.249 in. from “7” to 
read “6” per cent. 

Delete the present footnote and its 
references in the “elongation” column 
and substitute a new footnote “a” with 
appropriate references in the “‘temper”’ 


column to read as follows: “The maxi- 
mum thickness of coiled sheet commer- 
cially available in the soft temper is 0.102 
in., in the half-hard temper 0.085 in., and 
in the three-quarter hard temper 0.053 
in.” 

Table IT.—In the coiled sheet section 
of this table delete the entire first line 
and the entire last column since coiled 
sheet is no longer currently available in 
thicknesses over 0.102 in. or in widths 
greater than 24 in. Change the thick- 
ness tolerance for coiled sheet in the 
thickness range of 0.050 to 0.041 in., and 
width range of over 12 to 24 in. from 
0.0025” to read “0.003” in. 


Tentative Specifications for Aluminum- 
Base Alloy Sand Castings (B26- 
43 T): 

Section 1.—Delete the reference to al- 
loys $3, and CS21 making the second 
sentence read as follows: ‘‘Eleven alloys 
are specified and are designated alloys 
C1, C2, Gi, $1, $2, CG1, CN21, CS22, 
$C21, SG1, and ZG41....” 

Table I.—Change the requirements for 
chemical composition to those prescribed 
in the accompanying Table I, deleting al- 
loys $3, and C821. 

Table II.—Change the requirements 
for tensile properties to those prescribed 
in the accompanying Table II, deleting 
alloys S3, and CS21. 

Explanatory Note 1.—Delete the two 
Paragraphs referring to alloys S3, and 
CS21. 
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TABLE I.—CHEMICAL REQUIREMENTS. 
Note 1.—Where single units are shown, these indicate the maximum amounts permitted. 
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Notes 2 and 3.—These notes are to read the same as on the present table. 


28/35 
Aluminum,! Copper, Siticon, |Magnesium,| 8° | zinc, | Nickel, |Titanium,| | §& 
“| per cent per cent cent| Per cent per cent per’ per cent | per cent | per cent me ag 
cent 
£3 | 56 
C1 |Remainder| 4.5 + 0.5 | 1.0 1.5 0.03 0.3 0.3 pase 0.2 0.05 | 0.15 
Remainder| 3.5 {+ 25 00s |0.5| 0.5 0.3 0.2 | 0.3 
Gi... Remainder! 0.1 0.3 |4.0 40.5) 06| 0.1 0.2 | 0.05 | 0.15 
Remainder} 0.1 0.8 0.05 0.3| 0.3 0.2 | 0.05 
| 
2......|Remainder| 0.4 0.8) 0.05 | 0.3 0.2 0.3 
CG1... |Remainder| 10.0 +0.8|1.5| 1.0 |0.25+40.10| 0.3 | 0.4 0.3 0.2 |....]0.3 
CN21...| Remainder} 4.0 + 0.5 | 1.0 0.7 1.5 +0.3| 0.3 0.1 2.0+0.3) 0.2 0.05 | 0.15% 
($22 |Remainder| 7.0 + 1.0 | 1.4) 2.0+1.0 0.07 0.5 2.5 0.3 0.2 <tino 
SCa....| Remainder) 1.25 + 0.25 0.6 | 5.0 + 0.5/0.5 40.1] 0.1 | 0.3 0.2 | 0.05 | 0.154 
SG1 | Remainder 0.2 | 0.6) 7.0 +0.5/0.3 +0.1] 0.3 0.3 0.2 0.05 | 0.15 
GM... |Remainder| 0.2 | 1.0} 0.25 |0.6 0.1] .... |5.5 40.5 0.2+0.1)0.05| 
Chromium 0.2 per cent. 
° Chromium 0.5 + 0.1 per cent. J 
2 

Insert before the last sentence in the TABLE II.—TENSILE REQUIREMENTS. 
Paragraph on Alloy C1 the following 
sentence: ‘Heat treatment No. 4 is a | Tensile | longa; 

A . nin 
solution treatment followed by an ‘over in., min., 

° } r cent 
aging’ precipitation treatment to relieve _ 
residual stresses and minimize permanent | Heat treatment No. 1 29 000 6 

C1 Heat treatment No. 2 32 000 3 
dimensional changes in castings that are || Heat treatment No. 3 36 000 a 

Heat treatment No. 4 29 000 3 
subject to heating in service. 
c | Heat No. 

Change the Paragraph on alloyCS22. “| 
to read as follows: “The specific gravity ©! | As-cast 23.00 
of alloy CS22 is about 2.83 to 2.86. The As-cast 17.000 
pattern shrinkage is about 0.156 (35) in. $2.......| As-cast 17 000 3 
per ft. It supersedes the 8 per cent ¢ {| Heat treatment No. 1 23 000 a 

‘ one ° Heat treatment No. 2 30 000 bd 
copper alloy without silicon, as it pos- 

4: “NY t treat t No. 1 
sesses better casting characteristics, espe- {) treatment 23.000 
cially in the more difficult work. It com | ene 
his al- Heat treatment No. 

1s used fc > > ses. SC21... Heat treatment No. 2....| 25000 

7 or general casting Heat treatment No. 3....| 30000 | e 

Change the Paragraph on alloy SC21, 
af ° : SGI | Heat treatment No. 1 30000 | 3 
after the third sentence to read as follows: (| Heat treatment No.2.| 23000 

Heat treatment No. 1, consisting of Aged 30000 | 3 


solution and precipitation treatment, 
provides optimum combination of 
strength and ductility for this alloy. 
Heat treatment No. 2 is a precipitation 
treatment only and serves to stabilize 
dimensions in parts subject to heating in 
service. Heat treatment No. 3 is a solu- 
tion treatment followed by an ‘over 


“ Not required. 
’ For information only. 


aging’ precipitation treatment to relieve 
residual stresses and minimize permanent 
dimensional changes in castings ioe 


to heating in service.” 
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Change the Paragraph on alloy SG1 to 
read as follows: “The specific gravity of 
alloy SG1 is about 2.65. It has casting 
qualities and resistance to corrosion com- 
parable with those of alloy S1 (see Note 
on alloy S1). Its higher mechanical 
properties result from heat treatment 
processes. Heat treatment No. 1 is a 
solution and precipitation heat treatment 
providing the optimum combination of 
tensile strength and elongation. Heat 


TABLE LII.—TYPICAL YIELD STRENGTHS. 


Typical 
Yield 

Alloy Condition Strength 

' (0.2 per cent 
offset), psi. 

Heat treatment No.1........ 16 000 

C1 Heat treatment No.2 ....... 22 000 
Heat treatment No. 3........ 31 000 
Heat treatment No. 4 z 19 000 

Heat treatment No. 1 16 000 
As-cast......... 12 000 
‘G Heat treatment No.1........ 20 000 
CGl....... Heat treatment No. 2....... 30 000 
‘N21 Heat treatment No. 1........ 20 000 
CN2t...... Heat treatment No. 2....... 32 000 
CS22........| As-cast 14 000 
J Heat treatment No. 1 25 000 

$C21 Heat treatment No. 2...... 23 000 
{ Heat treatment No. 3...... 29 000 

G1 { Heat treatment No. 1... 22 000 
sGl.. Heat treatment No. 2 20 000 
25 000 


treatment No. 2 is a precipitation treat- 
ment only and serves to stabilize dimen- 
sions in paris subject to heating in 
service. 

Explanatory Note 2.--Revise, where 
required, the present table in this Para- 
graph showing typical yield strengths to 
conform to the requirements prescribed 
in the accompanying Table III. 

A ppendix.—Delete the data for alloys 
S3, and CS21 from the table of sup- 
plementary data. 


Tentative Specifications for Aluminum- 
Alloy (Duralumin) Sheet and Plate 
Aluminum-Copper-Magnesium-Man- 
ganese (B 78-42 T): 


Table I.—In the ‘‘Heat Treated’’ sec- 
tion of this table revise the minimum ten- 
sile strength of material of all thicknesses 
up to 1.500 in. from ‘‘55,000” to read 
“58,000” psi., and of material of thick- 
nesses from 1.501 to 2.000 in. from 
“52,000” to read “55,000” psi., and for 
materia] 2.001 to 3.000 in. from “50,000” 
to read “55,000” psi. Change the mini- 
mum yield strength values for all thick- 
nesses of heat-treated material from 
“32,000” to read “34,000” psi. Add a 
footnote to the effect that material heat 
treated by the user shall show a minimum 
yield strength of 33,000 psi. 

Table IJ.—Change the heading of the 
upper section of the table from “Sheet” 
to read “Flat Sheet” and the heading of 
the lower section of the table from 
“Strip” to read “Coiled Sheet.” 

Section 15.—Add the following sen- 
tence to this section: “In case of rejec- 
tion, the responsibility of the manufac- 
turer shall be limited to replacing the 
material with other material which con- 
forms to the requirements of these 
specifications, without charge to the 
purchaser.” 


Tentative Specifications for Aluminum- 
Manganese Alloy Sheet and Plate 
(B 79-43 T): 

Delete all reference to “strip” substi- 
tuting the words “coiled sheet,” where 
necessary. 

Section 7(b).—Reword the last para- 
graph to read as follows: “If so specified 
in the contract or order, plate shall be 
supplied in the soft temper, with a tensile 
strength of not less than 14,000 nor more 
than 21,000 psi., and an elongation in 2 
in. of not less than 18 per cent.” 

Table I.—Change the first thickness 
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range for half-hard sheet, namely, “0.010 
to 0.019” to read “0.013 to 0.019” in., 
and reduce the elongation requirements 
for half-hard sheet in the thickness ranges 
of 0.114 to 0.161 and 0.162 to 0.249 from 
“7” and “8,” respectively, to read ‘6” 
and ‘‘7” per cent, respectively. 

Table I—Make the same changes to 
the footnote in this table as recom- 
mended above for Table I in Specifica- 
tions B 25. 

Table IT.—In the section of the table 
on “Coiled Sheet” delete the entire first 
line and the entire column and 
change the thickness tolerance for coiled 
sheet in the thickness range of 0.050 to 
0.041 in. and width range of over 12 to 
24 in. from “0.0025” to read ‘0.003” in. 


Tentative Specifications for Magnesium- 
Base Alloy Sand Castings (B80- 
41T): 


Alloy Designations.—In accordance 
with the code designations discussed 
earlier in the report, change the alloy 
designations to read as follows: 


Proposed Present 


Designation Designation 
2 
4 
AZ63X.. 4X 
11 
_ 14 
17 


Tentative Specifications for Aluminum 
Alloy (Duralumin) Bars, Rods, Wire, 
and Shapes (B 89 ~ 42 T): 


Table I.—Replace this table with the 
accompanying Table IV. 

Section 14.—Add the following sen- 
tence at the end of this section: “In case 
of rejection, the responsibility of the 
manufacturer shall be limited to replac- 
ing the material with other material 
which conforms to the requirements of 
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these specifications, without charge to 
the purchaser.” 


Tentative Specifications for Magnesium-_ 
Base Alloy Sheet (B 90- 41 T): 


Alloy Designations.—In accordance 

with the code designations discussed 
earlier in the report, change the alloy | 
designations to read as follows: 


Proposed Present 
Designation Designation 

_ 8 
8X 
11 

18 

18X 


Section 1.—Change the second sen- 
tence to read as follows: “Three types of _ 
alloys are specified and are sted 
alloys Nos. 8, 11, and 18 (see Explana- 
tory Note 1).” 

Table I.—Delete the chemical require- 
ments for alloy No. 7 and change the re- 
quirements for aluminum in alloys Nos. 
18 and 18X from “2.4 to 3.0” to read 
2.5 to 3.5” per cent. 

Table IJ.—Replace this table with the 
accompanying Table V. 

Explanatory Note 1.—Delete the first 
Paragraph referring to alloy No. 7. 

In the Paragraph referring to alloy No. 
8 delete the second sentence and replace 
it with the following: “It is characterized 


_ by good physical properties.” 


In the Paragraph referring to alloy No. 
11 delete the second sentence and replace 
it with the following: “Its resistance to 
salt water corrosion is superior to alloys 
8 and 18, but inferior to alloys 8X and 
18X.” 

Explanatory Note 2.—In Table III 
delete all reference to alloy No. 7. 


Tentative Specifications for Magnesium- 
Base Alloy Forgings (B 91 — 41 T): 
Alloy 

with 


Designations. accordance 
the code designations discussed 
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TABLE IV.—TENSILE REQUIREMENTS. 


. Diameter or Least Distance Tensile Strength, Elongation, 
Section Across Flats | min., per 
| Psi. psi.4 cent 
ANNEALED 
Rounds, Squares, Hexagons, Octagons, H Up to0.12S in.............. | 35.000 max. aoc : 
and Rectangles | 0.125 in. and over... | 35000 max. 16 
Rolled or Extruded Shapes............. | 35.000 max. 12 
Heat TREATED 
{| Up to 0.125 in............... .| 000 min. 

Hexagons, Octagons, 125 t9 0.374 in... | 000 min. 32 000 i4 

and Kectangies | 0.375 and over............. | 55 000 min. 32 000 12 
Rolled or Extruded Shapes all sizes. . ....| $0000 min. | 32000 | 12 c 


@ Yield strength is defined as the stress which produces a pommenent set of 0.2 per cent of the initial gage length. 
» The gage length for measurement of elongation shall be equal to four times the diameter or distance across flats 
except in sections for which a flat tension test specimen is used in which case the gage length shall be 2 in. 


TABLE V.—TENSILE REQUIREMENTS. 


| | Tensile Yield Strength,| Elongation 
All Conditi | Strength, | {0:2 Percent | in’? in. min. 
42 000 9 000 
Nos. 8 and 8X............ { 37000 | 3 
{| Hard rolled | 32000 | 21 000 3 
Ni 
Nos. 18 and {| Annealed (A) 
earlier in the report, change the alloy designations to read as follows: 
designations to read as follows: 
Proposed Present Designation Designation 
Designation Designation | 
9 
AZ33X 15X 
16 
Table I—Change the chemical limits 
for manganese in alloys Nos. 9 and 9X Table I.—In alloy 13X change the SN4 
from “0.15” to read “0.12” min., per limit of nickel from ‘0.003” to read 
cent. “0,002” max., per cent. 
, —— ; Delete Note 1 and renumber Note 2 
Tentative Specifications for Magnesium- fro 
, as Note 1. 
Base Alloys in Ingot Form for Sand per 
Castings and Die Castings (B93~- Tentative Specifications for Magnesium- I 
 41T): Base Alloy Bars, Rods, and Shapes lim 
Alloy Designations.--In_ accordance (B 107 ~ 41 T): 


with the code designations discussed Alloy Designations.—In accordance 
earlier in the report, change the alloy with the code designations discussed 


| 


4 
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earlier in the report, change the alloy ments for alloys 8, 8X, 9, 9X, 11, 18, 
| designations to read as follows: and'18X to read as shown in the accom- — 
ion, 
er panying Table VI. 
Designation Designation 
Tentative Specifications for Aluminum- 
Base Alloy Permanent Mold Castings 
18 to read as follows: ‘“Ten alloys are speci- 
fied and are designated alloys C3, S1, 
Table I.—In alloys Nos. 18 anfl18X $2, CG1, CN21, CS4, SC1, SC41, SG1, 
change the requirements for aluminum and SN41.” 
TABLE VI.—TENSILE REQUIREMENTS. 
Yield Strength 
Tensile EI t 
Alloy | Shape and Size Strength, in 
| min., psi. psi. ” per cent 
ion 
nin. Nos. 8and Structural Shapes 22.000 
{| Round and 43 000 28 000 
Nos. 9 and 9K......1| Shapes 41 000 25 (000 
J $ 
| He. 29 000 
~ Nos. 18 and 18X....{] 33000 30-000 


TABLE VII.—CHEMICAL REQUIREMENTS. 


Note 1.—Where single units are shown, these indicate the maximum amounts permitted. 
Notes 2 and 3.—These notes are to read the same as on the present table. 


| | Other 
Iron, Zinc Ele- | Ele- 
Alloy | Aluminum, | Copper, per’ Silicon, | Magnesium,| Manganese, “ts Nickel, | ments,| ments, | 
| percent | per cent | cont percent | percent per cent ae per cent | Each, Total’ 
| per per 
cent cent 
C3 Remainder ihe 1.0] 1.4 4.0 0.07 0.5 2.5 0.3 eR 0.5 
| Remainder | 0.1 0.8 f+ 1.0 0.05 0.3 0.3 0.05 | .. 
| | $.0)_ 9:5 4 
S2.......| Remainder) 0.4 |0.8| so | 0.05 0.3 0.3 
CGI | Remainder | 10.0 + 0.8 | 1.5 | 1.0 | 0.25 + 0.10 0.3 0.4 0.3 a 
CN21...| Remainder| 4.0 + 0.5| 1.0 | 0.7 1.5 +0.3 0.3 0.1 /2.040.3| 0.05 | 0.15¢ 
CS4 | Remainder] 4.5+0.5| 1.2] 2.5 +0.5 0.05 0.3 0.3 0.3 
SCI | Remainder | 4.540.5/1.0) 5.5 +0.5 0.1 0.3 0.5 0.5 
SCH Remainder) 1.5 + 0.5! 0.9 | 12.25 + 0.75) 0.55 + 0.15) 0.75 0.15| 0.4 0.05 
SGI ..| Remainder | 0.2 10.6) 7.0 40.5 |0.3 +0.1 0.3 0.3 | 0.65 0.15 
the Remainder} 1.0 + 0.5 | 1.3/12.0 +1.0 |1.0 +0.3 0.1 | 0.1 |2.540.5| 0.05 | .... 
Note.—Titanium is permissible in all alloys, but the maximum shall not exceed 0.2 per cent. 

Irom ‘2.4 to 3.0” to read “2.5 to 3.5 Section 2.—Delete the entire section 
per cent. and renumber subsequent sections ac- 

esium- In alloys Nos. 9 and 9X change the cordingly. : 

Shapes limit of manganese from “0.15” to read Table I.—Change the requirements for 

“0.12” min., per cent. chemical composition to those prescribed 

dance Table IT.—Revise the tensile require- in the accompanying Table VII. 

scussed 
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Table 11. Change the requirements 
for tensile properties to those prescribed 
in the accompanying Table VIII. 

A ppendix.—Delete the data referring 
to alloys Nos. S6 and CS23. 


TABLE VIII.—TENSILE MENTS. 


Elonga- 
Tensile 
Alloy Condition Strength 
min., psi. per cent 
23 000 a 
21 000 2.5 
CGI { Heat treatment No. 1 30 000 e 
Heat treatment No. 2....| 40000 bad 
CN21 Heat treatment No. 1 34 000 e 
re Heat treatment No. 2 40 000 bad 
| Heat treatment No. 1 33 000 4.5 
CS4.. Heat treatment No. 2... 35 000 2.0 
{| Heat treatment No. 3 33 000 3.0 
SC1......| As-cast.. 23 000 
{| Heat treatment No. 1... 32 000 
|| Heat treatment No. 2... 36 000 
SG1......| Heat treatment No. 1. 33 000 3.0 
SN4l Heat treatment No. 1 31 000 « 
~*""~ 1! Heat treatment No. 2 40 000 a 


Not required. 


Tentative Specifications for Aluminum- 
Magnesium-Chromium Alloy Sheet 
and Plate (B 109 — 43 T): 

Table 1. 


a’ and its reference. 


Delete the present footnote 

Supply a new 
footnote ‘‘a” in the “temper” column 
after all tempers except the “hard” tem- 
per to read as follows: ‘“The maximum 
thickness of coiled sheet commercially 
available in the soft and one-quarter- 
hard tempers is 0.102 in., in the half-hard 
temper 0.085 in., and in the three-quar- 
ter-hard temper 0.053 in. 

Section 7 (b).-In the table change the 
minimum required elongation of half- 
hard plate from “8”’ to read “‘7” per cent. 

Table I1.—Delete the entire first line 
and the entire last column from the coiled 
sheet sectlon and change the thickness 
tolerance for coiled sheet in the thickness 


> 


range of 0.050 to 0.041 in. and the width 
range of over 12 to 24 in. from “0.0025” 
to read “0.003”’ in. 

Section 15.—Add the following sen- 
tence at the end of the section: “In case 
of rejection, the responsibility of the 
manufacturer shall be limited to replac- 
ing the material with other material 
which conforms to the requirements of 
these specifications, without charge to 
the purchaser." 


Tentative Specifications for Aluminum- 
Manganese Alloy Sheet and Plate for 
Use in Welded Pressure Vessels 
(B 126-43 T): 


Delete all references to “strip” and 
substitute the words “coiled sheet,” 
where necessary. 

Table I.—Delete the present footnote 
“a” and its reference in the elongation 
column. Add a few footnote reference 
“a” after first two tempers in ‘‘temper” 
ini the new footnote to read as 
follows: “Coiled sheet is commercially 
available in thicknesses up to 0.102 in.” 

Change the designation “‘annealed” to 
read ‘‘soft.” 

Section 8.—Change the word “an- 
nealed”’ to read “‘soft” in the second line 
of Paragraph (a) and revise the second 
sentence of Paragraph (6) to read, in 
part: “The bend test specimen... or 
from as-rolled plate shall... .” 

Table I1.—Delete from the “flat 
sheet” section, the column for “18 in. 
and under” and change the heading on 
the next column to read “36 in. and 
under in width.” 

Delete the entire first line and the 
entire last column from the coiled sheet 
section and change the thickness tol- 
erance for the thickness range of 0.050 to 
0.041 in. and the width range of over 12 
to 24 in. from “0.0025” to read “0.003” 
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Tentative Specifications for Aluminum 
Sheet and Plate for Use in Welded 
Pressure Vessels (B 178 — 43 T): 


Delete all references to “strip” and 
substitute the words “coiled sheet,” 
where necessary. 

Table I.—Revise the tension require- 
ments by deleting the values given in the 
first line for the “‘soft” temper and sub- 
stituting the following: 


Elongation 
Tensile Strength, in 2 in., 
Thickness, in. min., psi. min., per cent 
0.010 to 0.019.... 11000 15 
0.020 to 0.031.... 11000 20 


Change the elongation values required 
for the thickness range of 0.250 to 2.000 
in. from “25” to read “‘28” per cent. 


Change the elongation values required 
for quarter-hard material for the thick- 
ness range of 0.051 to 0.113 in. from ‘‘7” 
to read “8” per cent. For the as-rolled 
temper, add a thickness range of “0.626 
to 2.000 in.” with a tensile strength of 
“12,000 psi.” and an elongation of ‘9 
per cent.” 

Seclion 8. 
this section. 

Table II.—Delete the entire first line 
and the entire last column from the 
“coiled sheet” section and change the 
thickness tolerance for the thickness 
range of 0.050 to 0.041 in. and width 
range of over 12 to 24 in. from ‘0.0025” 
to read “0.003” in. 


Delete Paragraph (6) from 
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REPORT OF COMMITTEE B-8 
ON 


ELECTRODEPOSITED 


Committee B-8 on Electrodeposited 
Metallic Coatings held two meetings 
during the past year: in Pittsburgh, Pa., 
on June 29, 1943, and in Cincinnati, 
Ohio, on March 1, 1944. 

The membership of the committee 
now totals 74, of whom 30 are classified 
as producers, 8 as consumers, and 36 as 
general interest members. 


TENTATIVE STANDARDS CONTINUED AS 
TENTATIVE 


The committee recommends that the 
following tentative specifications and 
methods of test be continued as tentative 
for another year pending their contem- 
plated revision: 


Tentative Specifications for: 


Electrodeposited Coatings of Nickel and Chro- 
mium on Steel (A 166-41 T), 

Electrodeposited Coatings of Nickel and Chro- 
mium on Copper and Copper-Base Alloys 
(B 141-41 T), 

Electrodeposited Coatings of Nickel and Chro- 
mium on Zinc and Zinc-Base Alloys (B 142 - 
41 T), and 


Tentative Methods of Test for: 


Local Thickness of Electrodeposited Coatings 
(A 219-40 T). 


The committee also recommends that 
the following tentative recommended 
practices be continued as_ tentative 
without revision: 


Tentative Recommended Practices for: 


Chromium Plating on Steel for Engineering 
Use (B 177 - 43 T), and 

Preparation of Low-Carbon Steel for Electro- 
plating (B 183-43 T). 


METALLIC COATINGS 


It is recommended that the Emergency 
Specifications for Electrodeposited Coat- 
ings of Lead on Steel (ES-—31) be 
continued without change. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 66 voting members; 59 members re- 
turned their ballots of whom 55 have 
voted affirmatively, 0 negatively, and 4 
members marked their ballots “not 
voting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Performance Tests 
(H. A. Pray, chairman) has initiated a 
series of atmospheric exposure tests of 
electroplated lead coatings on steel. 
The specimens have been prepared and 
exposed at four locations as described in 
the detailed report of this subcommittee 
which is appended hereto. 

Subcommiitee ITI on Conformance Tests 
(C. H. Sample, chairman) has initiated 
through a subgroup, of which W. A. 
Wesley is chairman, experimental work 
relative to the mechanism of corrosion 
through pores. 

Subcommittee IV on Electroplating 
Practice (A. K. Graham, chairman) has 
begun an informal survey of the current 
practice of preparing high-carbon steel 
for electroplating looking toward the 
preparation of a recommended practice 
on that subject. 

Subcommitlee V on Supplementary 
Protective Finishes for Metallic Coatings 
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ON ELECTRODEPOSITED COATINGS © 


(L. G. Tubbs, chairman) reluctantly 
accepted the resignation of its original 
chairman, B. H. McGar. The subcom- 
mittee has not been active during the 
year. 


The present officers of the committee 
have been re-elected for the ensuing term 
of two years. 


This report has been submitted to 
letter ballot of the committee which 


consists of 66 voting members; 59 mem- 
bers returned their ballots, of whom 54 
have voted affirmatively, and 2 nega- 
tively. 


Respectfully submitted on behalf of. 
the committee, 


R. J. McKay 


C. H. SAMPLE, 
Secretary. 
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REPORT OF SUBCOMMITTEE II ON PERFORMANCE TESTS 


During the past year Subcommittee 
II has been engaged in the initiation of 
atmospheric exposure tests of electro- 
plated lead coatings on steel. ‘The pur- 
pose of the tests is to determine the effect 
of lead thickness, the type of plating 
bath, the presence or absence of a thin 
copper undercoating, and of physical 
damage to the coating on the useful life 
of such coatings in various atmospheres. 


PLAN OF THE TESTS 


Four exposure stations were selected 
as offering relatively pure typical at- 
mospheres. Facilities were available at 
New York, N. Y. (industrial), State 
College, Pa. (rural), and Kure Beach, 
Wilmington, N. C. (seacoast). Facili- 
ties were also made available’ at Tela, 
Honduras (tropical). 

The tests involve 148 panels at each 
of the four exposure stations and include 
various thicknesses of lead from the two 
commercial plating baths applied to steel, 
copper-plated steel, and copper; electro- 
plated lead-tin alloy coatings of two 
compositions on steel; hot-dipped lead 
alloys of two compositions; electroplated 
and hot-dipped zinc; intentionally 
damaged electroplated lead on steel; 
and the necessary bare steel controls. 
The general plan is set forth in Table I. 
The schedule provides triplicate panels 
for visual inspection; two additional 
panels, in certain cases, for a deter- 
mination of loss in tensile strength; and 
twelve additional panels, in two cases, 
for periodic weight loss measurements to 
determine the rate of weathering of the 
electroplated lead itself in the different 
atmospheres. 


1 By arrangement with the United Fruit Co. - 


PREPARATION OF THE PANELS? 

The 4 by 6-in. steel panels for plating 
were obtained from a commercial ware- 
house. They were received with a No. 
3 finish, No. 4 temper, and No. 3 edge. 
Their chemical analysis was as follows: 
carbon 0.06, silicon 0.005, manganese 
0.34, copper 0.11, phosphorus 0.005, and 
sulfur 0.032 per cent. The 4 by 6-in. 
copper panels were cut from commercial 
hard 24-o0z. (0.031 in.) sheet produced 
to meet requirements of 50,000 psi., 
5 per cent elongation, Rockwell F % 
specification. 

All plated panels were processed on 
identical racks, each holding twelve 
panels, and with identical tank equip- 
ment, anode arrangement, and current 
source to insure comparative, if not 
strictly commercially representative, 
samples. 

The processing procedure comprised: 

1. Vapor degreasing (stabilized tri- 
chlorethylene), 
2. Cathodic cleaning, 1 min., 50 
amp. per sq. ft., 195 F. or higher, 
in 5.5 oz. per gal. sodium 
hydroxide, 5.0 oz. per gal. 
sodium metasilicate, and 0.03 
oz. per gal. Duponol ME dry, 

. Hot water rinsing, 

. Dipping in 3N hydrochloric acid, 
20 to 40 sec. at room tempera- 
ture, 

. Cold water rinsing, 

Cyanide copper plating, 

Cold water rinsing, 

Lead plating, 

9. Cold water rinsing, 1 


W 


2 The work involved in the preparation of the ~ 
mens was done at Battelle Memorial Institute as part o! 
an investigation of lead coatings conducted for the Wat 
Metallurgy Committee of the National Research Counc! 
at the request of the Conservation Division, War 
Production Board. 
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10. Warm water rinsing, and 
11. Drying; 
or: 
6. Lead plating, = 
7. Cold water rinsing, 
8. Warm water rinsing, and | 
9. Dryin 
ting ying. 
‘are- TABLE 1—OUTLINE OF EXPOSURE TESTS. 
No. Number of Panels 
dge. (Each Station) for 
inal 
and Thick-}$ | 
26 a 
psi., Sulfamate lead on steel { 
F 0 (| 0.00008} 3. |...) 
0.00025) 3 2 
d on Fluoborate lead on steel 4 
0.00100) 3 2 
welve | 0.00200] 3 | 2 | 12] 3 
Sulfamate lead on 
plated® steel... ... { H 
0.00008} 3 ... 
not Fluoborate lead on ope 0.00025} 3 | 2 ; 
0.00050} 3 | 2 3 
ative, plated® steel. . 0.000751 3 | 2 
| 0.00100} 3 2 3 
0.00200] 3 | 2 | 12]... 
rrised: Sulfamate lead on sheet 0.00025] 3 
d tri- --41 9:00050 3 
Fluoborate lead on cont 
0.00025; 3 
50 copper . 0.00050} 3 
ley Sullomate lead-tin ae per 
: her. cent tin) on steel......... 0.00100; 3 
igner, Sulfamate lead-tin (10 per 
odium cent tin) on steel... 0.00100! 3 
hot- -dipped terne| 
7a, ) per cent tin 
Commercial hot-dipped lead 
1 ().03 (2.5 per cent tin, 2 per cent 
: antimony)....... | 0.00040) 3 
E dry, Electroplated zinc on steel...| 0.00020 3 
Hot-dipped zinc on steel. . 0.00075 3 |... 
c acid 
Copper plate 0.000015 in. 
mpera- 
The cyanide copper bath contained: 
10 oz. per gal. sodium cyanide, 
7 7 oz. per gal. cuprous cyanide, 
= 3 oz. per gal. sodium carbonate, and 
: 0.016 oz. per gal. sodium thiosulfate, 
and was operated at 20 amp. per sq.ft. 
the speci: 


as part of cathode and 14 amp. per sq. ft. anode 


or the We current density, without agitation, at 100 
ision, W Wa to 115 F. 


On PERFORMANCE TESTS 


from commercial concentrate. It con- 
tained: 


cathode, 15 amp. per sq. ft. anode cur- 


281 


The fluoborate lead bath was prepared 


25 oz. per gal. of lead (35° Baumé 
solution), and 
0.054 oz. per gal. bone glue, 
and was operated at 20 amp. per sq. ft. 


rent density, without agitation, at 80 F. 
and pH below 1.5. 

The sulfamate lead bath was made up 
using commercially prepared salts. It 
contained 50 oz. per gal. of the pre- 
pared plating salts and 1.3 oz. per gal. of 
a proprietary addition agent designated 
as No. 1. The bath was operated at 
20 amp. per sq. ft. anode and cathode 
current density, without agitation, at — 
80 F. and pH 1.4 to 2.4. 

The sulfamate bath used for plating 
the lead-tin alloys contained 48 oz. per 
gal. of the prepared sulfamate plating 
salts and 1 oz. per gal. of the proprietary 
addition agent No. 3. Metallic tin was 
introduced into this bath anodically 
until the ccncentration of tin in the © 
bath was sufficient to produce an alloy 
deposit of the required composition. 

The electroplated zinc was deposited — 
from a bath containing: 

7 oz. per gal. zinc cyanide, 

4 oz. per gal. sodium cyanide, and 

7 oz. per gal. sodium hydroxide, 
and was operated at 25 amp. per sq. ft. 
cathode current density, without a 
tion, and at 100 F. 

The hot-dipped panels were obtained 
from commercial sources in the form of 
large sheets, and they were cut from these 
sheets far enough from the edge to insure 
uniform coating thickness. A 1 by 2-in. 
specimen, for thickness determination 
and analysis, was cut from the sheet — 
adjacent to each of the four edges of each 
of the exposure panels. The cut edges 
of the galvanized specimens were zinc 
plated and those of the lead alloy Ai 


= 
‘a 
ro 


Base 


Copper-plated” steel 


Bare steel........... 


Copper-plated” steel... 


“ Copper plate 0.000015 in. thick. 


Sheet copper......... 


\ 


Plating Bath 


Sulfamate 


Fuoborate . 


Sulfamate.... 


F luoborate 


Sulfamate. . 


Fluoborate. . 


Hot dipped. 


Nominal Lead 


Coating Thick- | 


| 

| 

| ness, in. 
0.0005 Pb 
0.0005 Pb. 
0.001 Pb 
0.001 Pb 
0.00025 Pb 
0.00025 Pb 
0.0005 Pb 
0.0005 Pb 
0.0005 Pb 
0.00075 Pb 
0.00075 Pb 
0.001 Pb 
0.001 Pb 
0.001 Pb 
0.002 Pb 
0.002 Pb 
0.002 Pb 
0.002 Pb 
0.002 Pb 
0.002 Pb 


0.0005 Pb 
0.0005 Pb 
0.001 Pb 
0.001 Pb 
| 0.00025 Pb 
0.00025 Pb 
0.0005 Pb 
0.0005 Pb 
0.0005 Pb 
|| 0.00075 Pb 
0.00075 Pb 
0.001 Pb 
0.001 Pb 
0.001 Pb 
0.002 Pb 
0.002 Pb 
0.002 Pb 
0.002 Pb 
0.002 Pb 
0.002 Pb 


0.00025 Pb 
0.0005 Pb 
0.00025 Pb 
0.0005 Pb 


20 per cent Sn 


per cent Sb 
| Zinc plated 0.0002 Zn 
Hot dipped 0.001 Zn 
No coating 
Lead-tin sulf- | 0.001 
amate 2 per 
cent 
Lead-tin sulf- | 0.001 
amate 10 per 
cent 
0.00025 Pb 
0.00050 Pb 
Fluoborate. ..{| 0.00075 Pb 
| 0.00100 Pb 
| | 0.00200 Pb 
J; 0.00050 Pb 
| Sulfamate {| 0.00100 Pb 
| Fluoborate (| 0.000085 Pb 
0.000085 Pb 
Fluoborate { 0.000085 Pb 


TABLE II.—PANEL IDENTIFICATION. 


2.5 per cent Sn, 2 | 


| 
| 


REPORT OF SUBCOMMITTEE II oF ComMitTEE 


Purpose 


Visual examination 
Tensile test 

Visual examination 
Tensile test 

Visual examination 
Tensile test 

Visual examination 
Tensile test 
Damage 

Visual examination 
Tensile test 

Visual examination 
Tensile test 
Damage 

Visual examination 
Tensile test 
Weight loss 
Weight loss 
Weight loss 
Weight loss 


Visual examination 
Tensile test 

Visual examination 
Tensile test 

Visual examination 
Tensile test 

Visual examination 
Tensile test 
Damage 

Visual examination 
Tensile test 

Visual examination 
Tensile test 
Damage 

Visual examination 
Tensile test 
Weight loss 

W eight loss 
Weight loss 
Weight loss 


Visual examination 
Visual examination 
Visual examination 
Visual examination 


Visual examination 
Visual examination 


Visual examination 
Visual examination 
Tensile test 

Visual examination 


Visual examination 


Storage 
Storage 
Storage 
Storage 
Storage 
Storage 
Storage 
Visual examination 
Visual examination 


Visual examination 
Visual examination 


Specimen 


Number 


181 

193 
205 
217- 
229 


241-7 
253 
265-7 
277 
289-300 
301-312 
313-324 
325-336 
337-348 
349-360 
361-372 
373-384 
385-396 
397-408 
409-420 
421-432 
433-444 
445-456 
457-468 
469-480 


481-492 
493-504 
505-516 
$17-528 


529-540 
541-552 


577-588 
589-600 
601-624 
625-648 


649-672 


673-684 
685-696 
697-708 
709-720 
721-732 
733-744 
745-756 


757-768 


769-780 | 


781-792 
793-804 


Designation 


-S-(1-12) 

-S-(13-24) 

)-S-(1-12) 
vd (13 24) 


| 


S- 20-F- (13-24) 
S-20-F-(25-36) 


| S-20-F-(37-48) 


S-20-F-(49-60) 


S-20-F-(61-72) 
C-5-S-(1-12) 
C-5-S-(13-24) 
C-10-S-(1-12) 
C-10-S-(13-24) 
C-2-F-(1-12) 
C-2-F-(13-24) 
C-5-F-(1-12) 
C-5-F- (13-24) 
C-5-F-(25-36) 
C-7-F-(1-12) 
C-7-F-(13-24) 
C-10-F-(1-12) 
C-10-F-(13-24) 
C-10-F-(25-36) 
C-20-F-(1-12) 


C- 20- F- (49- 60) 
C-20-F-(61-72) 
B-2-S-(1-12) 
B-5-S-(1-12) 
B-2-F-(1-12) 
B-5-F-(1-12) 
T-(1-12) 
A-(1-12) 
G-2-(1-12) 


4) 
S-10-A2-(1-24) 
| §-10-A10-(1-24) 
-F-(1-12) 
~F-(1-12) 
-F-(1-12) 
0-F- 12) 


12) 


hm 


282, 
1-12 
13-24 
37-48 
49-60 
61-72 
7 73-84 (1-12) 
85-96 (13-24) 
- 97-108 (25-36) $ 
Bare steel... .. 109-120 (1-12) 
| 121-132 (13-24) 
133-144 F-(1-12) 
145-156 F-(13-24) 
157-168 F-(25-36) 
| 
| 
' 
— 
S~7 
| | 
8-F-(1-12) 
$-F-(13-24) | 
‘7 
@ 


Designation | 


Symbol 


| 


— 


S-10-S-10 
S-10-S-11 
S-10-S-12 


$-10-S-13.. 
S-10-S-14 
S-10-S-15 
S-10-S-16 
$-10-S-17 
$-10-S-18 
§-10-S-19 


re 


1 1 
i 


i 


i ‘ 


i 


i 
i i i i 
i 


i 
i 


mr 


1 
i 


i 


osition on Plating 


Rack 


) 
I 


TABLE III. 


‘DESCRIPTION OF EXPOSURE PANELS. 


w 
~ 


= 
x 


S 


= 
x 
x 


= 
S 


Weight of Deposit, g. 


~ 


Average 
Deposit Thickness, 


Calculated 
in. 


0.00054 
0.00053 
0.00054 
0.00054 


0.00047 
0.00047 
0.00047 
0.60048 
0.00049 
0.00048 
0.00049 
0.00048 
0.00049 
0.00048 


7} 0.00048 


0.00049 


0.00092 
0.00093 
0.09095 
0.00095 
0.00097 
0.00097 
0.00096 
0.00097 
0.09098 
0.09095 
0.09098 
0.00099 


0.00095 
0.00097 
0.00097 
0 00094 
0.00095 
0.00097 
0.00091 
0.00093 
0.00094 
0.00092 
0.00092 
0.00092 


0.00023 
0.00023 
0.00023 
0.00022 
0.00023 
0.00023 
0.00022 
0.00023 
0.00024 
0.00022 
0.00023 
0.00024 


0.00024 
0.00025 
0.00025 
0.00024 
0.00024 
0.00024 
0.00024 
0.00024 
0.00024 
0.00023 
0.00024 
0.00024 


inal Thickness, per 


Variation trom Nom- 
cent 


Average Thickness 


-035) 
.035 
.036) 
.036 
-036) 
-036 
-035 
.036 
-035 
-O36), 


.035 
-0306) 
.036) 
036 
036 
035) 
.035 
036 


-035 
.035 
-035 
036) 
036 
-036) 
.036 
.036 
.036) 
-036 


of Steel, in. 


PAH | 


Designation 


Symbol 


i 


: 


Panel Number 


| Position on Plating 
Rack 


| Total Weight, ¢. 


| Weight of Deposit, g. 


Calculated Average 


oo 


76 


xe - 


oc 


meen 


0 
0 
0 
0 
0 
0 
0 


0 


00053 


00051 


inal Thickness, per| 


Deposit Thickness, 
cent 


Variation trom Nom-| 
of Steel, in. 


Average Thickness 


00052 
60053 


00049! 
00049 


0050 


051 
00048 
00048 
00049 


00046] —2 
00046] —2 
.00048} —4 
00048) —4 
00049] —2 .... 


.00048] —4 ].... 
00048} —4 ].... 
.00049] —2 
00046] —8 
.00046] —8 
-00047) —6 
.00072| —4 
.00071] 
.00074) —1 
.00072| —4 
-00072| —4 
.00076) +1 
-00074, —1 
.00073| —3 
.00076| +1 
.00070] —7 
-00071| --5 
.00073) —3 
.00079| +5 10.036 


.00075 0 10.036 
.00077| +3 10.036 
.00080| +7 10.036 
.00079| +5 10.036 
.00079] +5 |0.036 
.00081) +8 10.035 
.00079| +5 10.035 
.00080| +7 10.035 
.00079| +5 10.037 
.00077| +3 10.037 
.00077) +3 10.037 


00096] —4 
00094) —6 
00098] —2 
00097} —3 
00096] —4 
00101] +1 
00099] —1 
00099} —1 
00103} +3 
00094] —6 
.00094 —6 | .... 
.00093} —7 | .... : 


| 
| tb | | | 
115.1 0.00053} +6 1 115 054) +8 4 
116.¢ 0.00052] +4 2) 054] +8 
115.¢ 0.00052) +4 75] 3 | 113 1053} +6 
115 0.00054) +8 76} 4) 113 053) +6 
113.1 0.00054] +8 1053} +6 
112.! 0.00053) +6 78} 6| 116 054) +8] .. 
116 0.00054) +8 79] 7 | 114 1053) +6 
115. 0.00054] +8 80} 113 05 +6 
115 +8 811 112 +6 
115 +6 82} 10 | 115 +4 
11 114 +8 83] 11 | 116 ro |. 
12 115.04 3 +8 ..| 841 12 | 116 a 
13 113.54] 4.22 —6 85} 1 | 112 2 10.035 
14 113 4.20 |e 86} 2) 113 4 10.035 
| 15 115 4.18 6 ...| 87) 3 | 195 2 10.036 
16 115.30} 4.31] 4 ...| 881 4 194 2 10.036 
17 114.53) 4.35) 2 { 89 5 | 114 2 10.036 
| 18 115.62} ) 4 90} 6 | 116 2 10.036 
| 19 113. 2 | 7) 114 10.035 
20 113 4 92} 116 2 10.036 
21} 9 | 11 2 93} 9) 114 2 10.035 
22] 10 | 113 941 10 | 113 4 10.035 
23] 11 | 116. 2 95] 11 | 113 + 10.035 \ 
| 24) 12 | 415. | 96) 12) 114 2 10.035 
25] 1 | 121. 4114 : 
S-10-S-2 26) 2 | 120. | —7 S -2¢ 98} 113 
$-10-S-3 27, 3) 27 99} 116 
S-10-S-4 28] 4 | 119. 5 | 100) 4) 115 
S-10-S-5 201 5) 1214 S-§-F-29... 1101) 5 444 
S-10-5-6 | 30] 6 | 119 —3 S-F-30... 6) 114 
S$-10-S-8 ....| 32] 8 | 121 —3 S-§-F-32 104) 41, 
S-10-S-9 33} 9 | 120 SEF 33 105] 9 | 417 
10 | 119. |t06} 10 | 41: 
3) | 35] 11 | 118. | 2 107] 11) 
| 36} 12 | 118 | 1 SEF. 36 108) 12 | 11: 
37, 421 109} 1 116.06 | 6 : 
38} 2 | 118 110] 2) 115.85 | 6 
39) 3| 3 111) 3 | 117.89 | 6 
40) 4 | 119 6 | 112] 4 | 116.97 | 6.4 
1] | 113] 5 | 118.38 | 6.4 
42) 6 | 118 | —3 | 114] 6 | 118.63 | 6 
43] 7 | 118 9 115) 7 | 118.40 | 6.58 
S-10-S-20 44] 8 | 120 —7 116] 8 | 113.55 | 6 
> $-10-S-21....| 45} 9 | 121 | .. 9 | 192.45 | 6.4 
$-10-S-22....| 46] 10 | 116 -8 | {118} 120.49 | 6.21 
S-10-S-23....| 47) 11 | 115 11 | 1197.16 | 6.31 | 
S-10-S-24....| 48] 12 | 120.38 S 120] 12. | 118.69 | 6 
24) 
49] 111.10) 2.06 121] 1 | 118.66 | 
SO} 2 | 111.80) 2.07 S 122} 116.07 
-24) ...| | 114.29} 2.08 S 123] 3 | 117.02 | 
: | 52) 4 | 2.06 12 124) 4 | 117.01 
..| 53) 5 | 112.11] 2.0 125} 5 | 119.06 
54) 6 | 113.12] 2.06 126] 6 | 116.99 
..| 55] 7 | 113.85) 20M 4127, 74 
2) | 37 | 112.47] S 4129) 9 | 
12) | 58] 10 | 114.62) 1 130) 12 
) | 50) 41 | 114 4030} 129.27 
oO} 12 | 114 132) 12 | 121.41 
| 
12) ol) 0 ...133) 118.30 | 
2) 2 | 112.24) 2) 119.49 | 
63| 3 | 110.70| 29 10-F 3 135) 3| 116.78 | 
| 64] 4 | 113.50] 3-10-F-4. ...]136] 4 | 123.23 | 
3-24) | 65] 5 | 112.20) 10-F 137] 5 | 119.04 | 
| 66) 6 | 112.75} 2 5-10-F-6 138] 6 | 118.44 | & 
| o7| 7 | 114.03] 2 10-F-7 139} 7 | 119.35 | § 
....1 68] 8 | 113.58] 2 -10-F 8 140] | 118.65 | § 
...| 691 9 | 114.24] 2 9 | 121.066 | 9 
70} 10 | 113.36) 10 | 119.01 | § 
TH AL | 112.91) 2 5-10-11. 11 | 117.85 | § 
72) 12 | 113.73 12. ../144] 12 | 118.32 | 
283 


TABLE 


inal Thickness, per 


Deposit Thickness, 
cent 


in. 
of Steel, in. 


’osilion on Plating 
Rack 


Calculated Average 


Total Weight, g. 


Panel Number 
| Weight of Deposit, g. 


| Variation trom Nom- 
| Average Thickness 


ene 


OF EXPOSURE PANELS (CONTINUED) 


Designation 
Symbol 


— 


= 


¢ 


> 


i i 
Seeess 


a 
~~ 


| 
— 


Rewer 


T 

ne 


1 


AAAQAAQAAAA 


aa 


1 
-10 


PNNNN NNPNNNNNNNNN 


posit Thickness, | 
inal Thickness, per 


Rack 
De 
in. 
cent 


Position on Plating 
Calculated Average 


Average Thickness 


Variation from Nom- 
of Steel, in. 


| Panel Number 
| Weight of Deposit, <. | 


| 


= 


ne 


i 


C- 
C- 
C- 
C- 
C- 
C- 


one 


SSessss 


an 


— 


tn 


tartar ter ter terterter tor 


; 
Designation D 
Symbol 
S-10-F-13.. 119.94 ).0009€) —4 19.1 
S-10-F-14. . 117.0 ).00093; —7 
$-10-F-15 117.3 —5 
S-10-F -16 118. 38 ).00095} —2 
S-10-F-17 120.25 60) 0.00096] —4 
S-10-F-18 120.99] 9.80] 0.00099} —1 
S-10-F-19 119.18] 9.92] 0.00100 0 
S-10-F-20 120.3: 74] 0.00098] —2 
S-10-F-21 | 119.64 86| 0.00099} —1 }).1 225) 
S-10-F-22 119.34 54} 0.00096} —4 }). 226 
S-10-F-23 | 118.37 49} 0.00095} —5 227 
S-10-F-24 119.48 51) 0.00095} —5 }J. 228 
S-10-F-25.. i 0.000%} —1 226 124.54 | 17.01] 0.00191) —5 
S- 10-F-26. . | 158 0.00102} +2 124.35 | 16.94] 0.00196} .. 
S-10-F-27 0.00105} +5 231 129.67 | 17.46) 0.00196} —2] .... 
S-10-F-28.. 0.00102) +2 232 | 124.43 | 17.02) 0.00191) —5 
S-10-F-29 0.00103} +3 | . 233 125.06 | 17.22] 0.00193} —4 
S-10-F-30 0.0010C) +6 £34 125.30 | 17.49] 0.0019¢| —2 
S-10-F-31 0.00101} +1 1238 | 129.88 | 17.11] 0.00192} —4].... 
S-10-F-32 0.00101} +1 . 1236 127.44 | 17.14] 0.00192] —4] ... 
S-10-F -33 0.00105} +5 237 128.35 | 17.68} 0.00198} —1]|.... 
S-10-F-34 0.00091} —3 ..|23&] 10 | 124.38 | 16.28] 0.00183} —9 .... 
S-10-F-35 0.000%} —4]. 234] 11 | 125.37 | 16.42] 0.00184] —8 
68 0.00106 0 24(] 12 | 127.53 | 16. 
169} 1 0.00187, —6] . 241) 1 120.05 
i706] 2 | 123.08117.23| 0.00193} —4] . 242] 2) 115.02 
| 127.14]16.62] 0.00186} —7] . 242} 3! 115.28 
(72) 4 | 128.62|17.01| 0.00191) —4 244) 113.2¢ 
i73| 5 | 126.07}16.65| 0.00187] —6 1245) 5} 113.09 
6 | 127.37|17.02| 0.00191] —4 | . 6 114.68 
175] 7 125.37|17.32| 0.00194) —3 7} 113. 
S-2¢ 8 | 126.71}17.01} 0.00191} —4] . 8! 114. 
9 | 125.88}17.42| 0.00195} —2] . 244) 9) 112. 
178} 10 | 127.17|16.54| 0.00185} —8 10 | 111. 
17] 11 | 124.54/16.3€] 0.00183} —8 | . 12 118. 
S-21 186] 12 | 128.84]16.62| 0.0018¢] —7 12; 114. 
{181} 1 | 124.5€]16.51| 0.00185} —8 253 
S-21 1182) 2 | 125.90]16.45) 0.00184 1254 
3 | 128.13)17.26) 0.00193) —4 1255 
1184] 4 | 128.87]16.87| 0.00186 6 125¢ 
| 127.57|16.91] 0.00184} —6 25; 
S-2 6 | 0.00198 1 258 
S-2 7 | 127.70]17.10} 0.00192 1256 
S-2 188} 8 | 127.47)17.12] 0.09192 260 
S-2 .. 1189} 9 | 129,.65}17.87] 0.00200 0 261 
$2 10 | 125:21116.32| 0.00183] —8 26: 
S-2 _.|191] 11 | 0.00185 8 263 
‘ S-2 4192] 12 | 125.94}16.89) 0.00189 6 204 
1 | 126.45/16.45| 0.00184] —8 [265 
S-2 194] 2 | 127.49}16.33| 0.00183} —8 [260 
S-2 195] 3 | 127.16]16.95] 0.0019C] 4267 
S-2 196} 4 | 127.2¢)16.62) 0.0018¢] —7 . 
$-2 197} 5 | 125.81/16.64] 0.00186} —7 269 
S-2 . 1198] 6 | 129.30]17.35} 0.00194] —3 270 
S-2 199) 7 | 128.19]16.86] 0.00189] —6 ..|271 
$-2 100} 8 | 126.76)16.94) 0.00190} —5 272 
S-2 01] 9 | 128.60/17.6¢) 0.00198) —1 273 
S-2 ..}202} 10 | 126.23)16.04) 0.00180] —10 274) 
S-2 202) 11 | 127.64]16.18} 0.00181] —10 275) 
S-20#-36. 04) 12 | 127.71]16.68] 0.00187] —6 12 | 118.92 | 8.95} 0.00100 
S-20-F-37. ..|205} 1 | 124.95|17.99] 0.00202} +1 ...]277] 1 | 117.53 | 8.72] 0.00098} —2 {0.035 
S-20-F-38. ..|206) 2 | 127.17|16.90| 0.00184] —6 2 | 120.72 | 8.91] 0.00100 0 |0.036 
$-20-F-39. 3 | 0.00204) +2 3 | 119.88 | 9.04] 0.00101} +1 0.036 
S-20-F-40. ..|208} 4 | 0.002121 +6 280} 120.28 | 8.91} 0.00106 0 |0.036 
S-20-F-41 209} 5 | 0.00202] +1 .. § | 124.38 | 9.23] 0.00103} +3 {0.037 
6 | 127.81}18.3C} 0.00205} +3 282| 6 | 120.17 | 9.28] 0.00104) +4 |0.035 
7 | 125.33).8.0(] 0.00202} +1] C-10-S-19.. |28:] 7 | 120.35 | 9.17] 0.00103} +3 |0.036 
S-20 -F-44 212] 8 | 125.42/18.0:| 0.00202} +1} ... || C-10-S-20.. |284] 8 121.61 9.44] 0.0010€| +6 {0.036 
S-20-F-45 213} 9 128.00}18.3¢) 0.0020¢] +3 ... || C-10-S-21 285] 9 | 120.67 9.52] 0.00107| +7 |0.036 
S-20-F-46. . |214] 10 | 127.18|17.74| 0.00199 0} ... || C-10-S-22.. |286] 10 | 117.59 | 9.19] 0.00103] +3 }0.035 
S-20-F-47 ..}215} 11 | 128.32/17.89] 0.00200 0}... || C-10-S-23.. }287] 11 | 124.63 | 9.57] 0.00107} +7 |0.037 
S-20-F-48. . .}216) 12 124.43}17.14] 6.00192} ... || C-10-S-24.. |288] 12 | 119.65 9.61} 0.00108] +8 |0.035 
i 
\ 


TABLE ILI.—DESCRIPTION 


OF EXPOSURE PANELS (CONTINUED). 


i oun ou. 
C-2-F-1..... 289} 1 | 111.48) 2.16) 0.00024) —4 C-7-F-13 361) 1 | 117.15 5.98} 0.00067) —11 |0.036 
C-2-F-2.....|290; 2 | 112.65] 2.15] 0.09024) —4 C-7-F-14 362} 2 | 116.34 | 6.03] 0.00068} —9 |0.035 
C-2-F-3 291) 3 | 117.91) 2.21] 0.00025 0 C-7-F-15 363} 3} 115.15 6.19) 0.00069} —8 |0.035 
C-2-F-4.....|292} 4 | 118.61] 2.20] 0.09025 0 C-7-F-16 364) 4 | 117.24 | 5.97] 0.00067] —11 |0.036 
C-2-F-5 293} 5 | 116.72} 2.26] 0.09025 0 C-7-F-17 365) 5 | 117.61 6.08) 0.00068] —9 0.036 
(-2-F-6 294) 6 | 112.0.) 2.27} 0.00025 0 C-7-F-18 6 | 117.28 | 6.22] 0.00070} —7 10.036 
C-2-F-7 295) 7 | 112.16) 2.24) 0.09025 0 C-7-F-19 367] 7 | 117.27 6.0C} 0.00067} —11 10.036 
C-2-F-8.....]296} 8 | 112.58) 2.27) 0.00025 0 C-7-F-20 368] 8 | 114.13 | 6.06) 0.00068) —9 10.035 
C-2-F-9 9 | 114.07] 2.34] 0.0902¢ +4 C-7-F-21....|369} 9 | 113.44 6.21] 0.00070} —7 0.034 
C-2-F-10 298} 10 | 112.42} 2.21] 6.09025 0 C-7-F-22 370) 10 | 113.70 | 5.68] 0.00064) —15 |0.035 
(-2-F-11 299) 11 | 112.37) 2.22] 0.09025 0 C-7-F-23 371) 11 | 116.08 5.75] 0.00065} —13 |0.035 
C-2-F-12 300) 12 | 111.38) 2.27) 0.00025 0 C-7-F-24 372] 12 | 115.71 5.85) 0.00065] —13 }0.035 
C-2-F-13....}301} 1 | 111.26) 2.18] 0.09024) —4 |).035]| C-10-F-1 373) 1 | 120.02 8.28) 0.00093} —7 
C-2-F-14 302} 2 | 113.0%) 2.14) 0.09024] —4 |9.03¢|| C-10-F-2 374 2 | 119.61 | 8.39] 0.00094) —6 
C-2-F-15 303} 3 | 111.52) 2.21) 0.00025 0 |9.035)| C-10-F-3 375} 3 | 120.14 8.58) 0.00096) —4 
C-2-F-16 304} 4 | 110.11) 2.19) 0.00025 0 |0.035)) C-10-F-4 376) 4) 119.24 8.26] 0.00093) —7 
C-2-F-17 305} 5 | 112.36) 2.18} 0.00024) —4 |9.035}) C-10-F-5 377, 5 | 117.42 8.46] 0.00095} —5 
C-2-F-18 306} 6 | 112.08) 2.2¢) 0.00025 0 C-10-F-6 378} 6 | 120.78 8.77] 0.00098] —2 
7 | 110.6%) 2.23) 0.00025 0 |).035)| C-10-F-7 374) 7 | 118.12 8.32) 0.00093} —7 
C-2-F-20....}308} | 112.28) 2.22) 0.00025 0 |9.035|) C-10-F-8 380} 8 | 121.15 8.56) 0.00096, —4 
C-2-F-21... 1309} 9 | 115.53) 2.32} 0.0002¢) +4 |9.035)) C-10-F-9 381} 9} 117.70 8.81) 0.00099} —1 
10 | 111.24] 2.13) 0.00024) —4 |9.035)) C-10-F-10.. 10 | 118.96 | 8.81] 0.00096 
C-2-F-23 311] 11 | 113.94) 2.13) 0.00024 —4 |9.03¢)| C-10-F-11 383} 11 | 118.61 8.1C} 0.00091 
C-2-F-24 312] 12 | 113.83] 2.17) 0.00024) —4 |9.03¢|] C-10-F-12...}384) 12 | 119.13 | 8.33] 0.00093 
C-5-F-1.....|313] 1 | 113.85] 4.21) 0.09047} —6| ....\| C-10-F-13...}385} 1 | 117.68 | 7.93] 0.00089 
C-5-F-2 314] 2 | 113.65] 4.19) 0.00047} . C-10-F-14.. 2 | 120.62 | 7.98] 0.00090 
C-5-F-3 315] 3 | 113.7%) 4.31) 0.00048} —4 | ... || 3 | 120.33 | 8.26) 0.06092 
C-5-F-4.....]316} 4 | 111.64] 4.26) 0.00048} —4 | C-10-F-16.. /388) 4 | 119.42 | 7.99) 0.00090 
C-5-F-5 .}317) 5 | 112.74] 4.27] 0.00048] —4 || C-10-F-17 389) 5 | 117.98 8.05) 0.00091 
C-5-F-6 .}318] 6 | 115.15) 4.3%] 0.00046] ..../| C-10-F-18...|390} 6 | 119.52 8.33) 0.05093 
C-5-F-7.....]319] 7 | 114.54) 4.28) 0.00048) —4 .. C-10-F-19 391) 7 | 117.38 8.03} 0.09090 
C-5-F-8.....}320] 8 | 112.83] 4.26] 0.09048] ... C-10-F-20.. |392) 8 | 116.89 | 8.1:] 0.00091 
C-5-F-9 321] 9 | 115.22} 4.39) 0.09049} —2] . 9 | 118.44 | 8.34] 0.00093 
C-5-F-10 322] 10 | 115.46] 4.09] 0.0004€] —8 | ....|| C-10-F-22...]394) 10 | 116.21 | 7.6€| 0.00086 
C-5-F-11 323} 11 | 113.10) 4.08) 0.6904€} | C-10-F-23...|395) 11 118.79 7.75) 0.00087 
C-5-F-12 324] 12 | 113.75] 4.18] 0.09047} ....|| C-10-F-24.. 1396] 12 116.82 7.87) 0.00088 
0.036 C-5-F-13....]325] 1 | 116.44] 4.08] 0.00046) —8 C-10-F-25.. |397| 1 | 117.80 | 8.08] 0.00091 
9.035 C-5-F-14....|326} 2 | 115.02) 4.07) 0.0004¢€) —8 |0.03¢)) C-10-F-26.../398) 2 | 117.59 | 8.11] 0.00091 
C-5-F-15... 3 | 113.95] 4.16] 0.09047) —6 C-10-F-27. 3 | 116.71 | 8.42] 0.00094 
19.035 C-5-F-16 328} 4 | 114.16) 3.93) 0.00044) —12 |9.036)) 4 | 117.82 8.16) 0.00092 
15038 C-5-F-17..../329] | 113.3%] 3.98) 0.09045) —10 C-10-F-29.../401) 5 | 119.35 | 8.30) 0.00093 
19035 C-5-F-18 330} 6 | 116.20) 4.07) 0.0004¢] —8 |).03¢) C-10-F-30...}402) 6 | 118.80 | 8.55) 0.00096 
» 19.035 C-5-F-19....|331] 7 | 115.17] 3.96) 0.09044) —12 |0.03¢ C-10 F-31 403} 7 | 117.53 | 8.20) 0.00092 
10.035 C-5-F-20... 332] 8 | 112.84] 4.01) 0.00045} —10 |0.035]| C-10-F-32...|404] 8 | 119.05 | 8.27] 0.00093 
10.035 C-5-F-21... 1333} 9 | 112.43] 4.10] 0.09046) —8 |9.035|| C-10-F-33...]405| 9 | 121.30 8.55) 0.00096 
10.035 C-5-F-22... 334] 10 | 112.04] 3.75] 0.09042) —16 C-10-F-34.../406) 10 | 116.06 | 7.77) 0.00087 
+ 19.036 C-5-F-23 335] 11 | 115.02) 3.79) 0.09042) —16 |).036) C-10-F-35...|407) 11 | 118.97 | 7.88) 0.00088 
4 (0.035 C-5-F-24... 1336] 12 | 111.16) 3.81) 0.00043) —14 C-10-F-36. . .|408 12 | 119.28 | 8.08} 0.00090 
) C-5-F-25....|337] 1 | 115.60] 4.21] 0.00047} —6| ... || C-20-F-1 409} 1 | 127.56 | 17.77 0.00199 
6 C-5-F-26 2 | 114.96] 4.18] 0.09047} —6 | ....|| C-20-F-2 410} 2 | 126.14 | 17.37] 0.00195 
6 C-5-F-27 339] 3 | 114.92] 4.31] 0.09048] —4] ....|| C-20-F-3 411} 3 | 127.35 | 17.8¢€| 0.00206 
6 C-5-F-28....]340] 4 | 112.62] 4.21] 0.00047] —6]| ... || C-20-F-4 412) 4 | 124.88 | 17.27| 0.00194 
4 C-5-F-29....1341] 5 | 114.22] 4.24] 0.00018] —4] ... || C-20-F-5 413} 5 | 126.51 | 17.01] 0.00190 
4 C-5-F-30 342] 6 | 117.96] 4.36] 0.00049] —2]| ... || C-20-F-6 414] 6 | 125.96 | 17.5€] 0.00197 
3 C-5-F-31....|343] 7 | 114.19) 4.19] 0.09047; ....|| C-20 F-7....|415} 7 | 127.34 | 17.04) 0.00191 
1 C-5-F-32....]344] 8 | 111.67] 4.19] 0.09047} —6| ....|| C-20 F-8 416) 8 127.48 | 16.9C) 0.00186 
0 C-5-F-33... 1345] 9 | 113.90] 4.34] 0.00049} —2 ....|| C-20 F-9... [417] 9 | 130.65 | 17.63] 0.00197 
4 C-5-F-34... 1346] 10 | 113.55] 4.01] 0.00045) —10 | ....|| C-20-F-10.. .|418 10 | 127.62 | 16.14} 0.00181 
C-5-F-35 347) 11 | 114.97] 4.02] 0.09045} —10 | ....|| C-20-F-11.. |419] 11 | 125.97 | 16.14] 0.00181 
0 12 | 117.32] 4.14) 0.09046) —8 | ....) C-20-F-12...|120 127.40 | 16.52] 0.00185 
| 
-2 |0.035 C-7-F-1 349] 1 | 115.38] 6.42] 0.00072) —4 | ....|| C-20-F-13...]421] 1 | 126.14 | 16.92] 0.00189 
0 |0.036 2 | 116.49} 6.40) 0.00072} —4 C-20-F-14...|422] 2 | 125.57 | 16.39] 0.00184 
-1 0.036 C-7-F-3 -. [351) 3 | 115.57] 6.53) 0.00073) C-20 F 15...|423) 3 | 123.66 | 16.77) 0.00188 
0 10.036 ...}352] 4 | 117.55] 6.45] 0.00072] —4 | ....|| C-20-F-16...|424) 4 | 125.19 | 16.96] 0.00190 
-3 10.037 1353] 5 | 115.01) 6.46) 0.00072) —4] ... C-20 F-17 425) 5 | 131.54 | 16.61] 0.00186 
-4 10.035 354) 6 | 116.21] 6.61) 0.09074; —1 | C-20-F-18...|42€) 6 | 129.09 | 17.00) 0.00196 
+3 10.036 C-7-F-7 355] 7 | 118.87) 6.48) 0.00073] —3] ....|| C-20-F-19...|427) 7 | 126.09 | 16.89] 0.00189 
+6 |0.036 356} 8 | 117.94] 6.53] 0.00073} —3 | ....|| C-20-F-20...|428] 8 | 126.19 | 16.46] 0.00184 
+7 |0.036 -1-F-9 9 | 116.94] 6.74] 0.00075 0 | ....|| C-20-F-21.../429} 9 | 125.03 | 16.93] 0.00190 
+3 0.035 C-1-F-10 358] 10 | 118.59] 6.12] 0.09069] —8| C-20-F-22 430} 10 | 127.91 | 16.27) 0.0018: 
+7 |0.037 ...|359) 11 | 116.09] 6.22] 0.00070} —7 | ....|| C-20-F-23.../431) 11 | 127.58 | 15.77) 0.00177 
+8 {0.035 12 | 116.61] 6.36] 0.00071] —5 | ....]) C-20-F-24...|432] 12 | 126.26 | 15.99] 0.00179 
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Designation 

Symbol 


C-20-F-25 


C-20-F-47 
C-20-F -48 
C-20-F-49 
C-20-F-50 
C-20-F-51 


C-20-F-52... 


C-20-F-53 
C--20-F-54 
C-20-F-55 
C-20-F-56.. 
C-20-F-57 
C-20-F-58 
C-20-F-59 
C-20-F-600 


C-20-F-61. .. 


C-20-F-02.. 
C-20-F-63 
C-20-F-64 
C-20-F-65 
C-20-F-66 
C-20-F-67 


C-20-F-68... 


C-20-F-69. 
C-20-F-70 
C-20-F-71.. 
C-20-F-72 


= 
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— 
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i 
SETS 
i 

on 


Rack 


osition on Plating 


Panel Number 


Total Weight, g. 


111.66) 


115.61 


Weight of Deposit, g. 
Calculated Average 


TABLE III.—DESCRIPTION OF EXPOS 


Deposit Thickness, 


-00185 


0.00185 
0.00180 
0.00188 
0.00187 
0.00183 
0.00189 
0.00184 
0.00184 
0.00190 
0.00181 
0.00177 
0.00181 


0.00189 
0.00185 
0.00191 
0.00190 
0.00188 
0.00194 
0.00190 
0.00190 
0.00198 
0.00183 
0.00184 
0.00188 


0.00188 
0.00187 
0.00193 
0.00190 
0.00189 
0.00196 
0.00191 
0.00192 
9.00200 
0.00181 
0.00184 
0.00188 


0.00023 
0.00024 
0.00024 
0.00023 
0.00024 
0.00024 
0.00023 
0.00023 
0.00023 
0.00024 
0.00023 
0.00024 


0.00047 
0.00052 
0.00052 
0.00047 
0.00052 
0.00052 
0.00047 
0.00051 


0.00052 
0.00047 
0.00050 
0.00052 


, in. 


inal Thickness, per 
cent 
teel 


Variation from Nom- 
of S 


Average Thickness 


| 


® Numbers in parentheses calculated from average of four adjacent 1 by 2-in. 


Designation 
Symbol 


| 


SRR 
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' 


we 
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me 


A-12 


G-10-12 


(81.95)4 
(83.60) 
(82.65) 
(83.45) 
(81.50) 
(81.78) 
(81.95) 
(82.60) 
(79.85) 
(79.47) 
(77.36) 
(80.64) 


(107.40) 
(107.04) 
(107.16) 
(107.16) 
(107.04) 
(107.40) 
(106.20) 
(107.76) 
(107.88) 
(107.40) 
(106.32) 
(106.44) 


109.73 
111.34 
112.62 
110.65 
110.78 
110.06 
111.32 
113.01 
113.05 
111.09 
109.03 
109.31 


(106.32) 
(107.52) 
(108 . 36) 
(107.16) 
(106.32) 
(107.04) 
(106.44) 
(107.52) 
(109.08) 
(107.28) 
(105.72) 
(107.40) 


Weight of Deposit, g. 


| 


specimens. 


Average 


Calculated 


0.00038 


0 
0. 
0. 
0. 
0. 
0. 
0. 


om Nom- 


Deposit Thickness, 


in. 


of Steel, in. 


Average Thickness 


| Variation fr 
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ORE PANELS (CONTINUED). 
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433) 127 .93)16.77| 0.00188} —6 505} 1 | 109.69 .34 | 0.00026] +4)... 0 
C-20-F-26 _.|434! 127.51|16.45| 0.00184] —8 506} 2 | 109.16 .34 | 0.00026] +4) 
124.78|16.93| 0.00190] —5 507} 3 | 108.49 | 9.41 | 0.00027] +8 | 
C-20-F-28 ..|436 125.87|16.83| 0.00188] —6 508| 4 | 108.86 .33 | 0.00026 +4] 0 
C-20-F-29...|437 124. 30|16.66| 0.00186] —7 506} 5 | 109.86 | §.37 | 0.00027} 0 
C-20-F-30.. .|438 126.78|17.24| 0.00193} —4 510] 6 | 108.81 .46 | 0.00028] +12 | 0 
C-20-F-31.. . |439 129.01]16.99| 0.00190} —5 511] 7 | 108.67 .33 | 0.00026] +4] 0 
C-20-F-32. . .|440 127.10}16.85| 0.00189} —6 512| 8 | 108.12 .37 | 0.00027} +8] 0 
C-20-F-33.. .|441) 127.55}17.48| 0.00196] —2 513} 9 | 106.72 .46 | 0.00028] +12} 0 
C-20- F-34.. . |442] 126. 34]16.07| 0.00180] —10 514] 10 | 107.17 22 | 0.00025 0 
C-20-F-35 11 | 125.70]16.05| 0.00180] —10 11 | 105.34 | | 0.00028} o| 0 
12 | 127.32]16.48) —8 516] 12 | 106.15 .28 | 0.00025 0 0 
C-20-F-37...|445] 1 | 128.08]16.46 8 | 517) 1 | 116.11 .34 | 0.00049} —2| . 0 
C-20-F-38...|446] 2 | 127.23/16.10 10 2 | 114.78 .20 | 0.00047] —3 | 0 
C-20-F-39...|447| 3 | 128.82|16.76 —6 519} 3 | 114.31 -42 | 0.00049} 
C-20-F-40...}448] 4 | 127.04/16.68 6 526] 4 | 115.78 .40 | 0.00049} —2| 0 
C-20-F-41...|449] 5 | 127.18)16.35 8 §21| 5 | 114.73 .31 | 0.00048} 0 
C-20-F-42...|450| 6 | 128.53]16.90 -6 522} 6 | 113.06 41 | 0.00049] 
C-20-F-43.. |451] 7 | 124.16]16.45 8 | 523] 7 | 115.50 .29 | 0.00048] 0 
C-20-F-44...|452] 8 | 129.12]16.47 524] 8 | 115.96 | 9.34 | 0.00049] —2] 
(-20-F-45. 9 | 127.48]|16.95 525] 9 | 116.15 .49 | 0.00050 OF 0- 
C-20-F-46.. .|454] 10 | 124.77|16.15 526| 10 | 115.75 .05 | 0.00045} —10 0 
455] 11 | 126.75|15.85 12 | 11 | 113.39 .12 | 0.00040] —8 | .. 0 
456] 12 | 126. 16 10 528] 12 | 11 .23 | 0.00047} —6] .... 
457) 1 | 131.31)16.81 6 | ... 1529 .33)| 0.00017] . 
458} 2 | 124.84]16. 56 530 .37)| 0.00017] .... | .... 
3 | 129.54]17.09 531 .36)} 0.00017] .... | .... 
460] 4 | 127.51]16.94 532 .28)| 0.00016] .... 
461) 5S | 127.41/16.85 533 .30)| 0.00016} .... | .... 
6 | 127.70}17.35 534 .36)| 0.00017 5-1 
7 | 123.75)16.93 535 .39)} 0.00017 5-1 
164) 8 | 126.90]16.95 536 .34)| 0.00017 
9 | 126.52|17.65 537 .34)| 0.00017] .... |... 
166] 10 | 126.68)16.3: 538 .33)| 0.00017 
467| 11 129. 26|16. 4¢ 539 .28)| 0.00016} .... | .... 
468) 12 | 130.56/16.7! 540 .22)| 0.00015] .... | .... 
(469) | 126.24/16.75 541 2.94)| 0.00032] .... | .... 
2 | 127.76|16.68 ... 4542 3.04)| 0.00036] .... | .... 
471] 3 | 128.82]17.2! 543 3.36)) 0.00038] .... | .... 
172) 4 | 130.01|16.9 544 3.22)| 0.00036] .... | .... 
473} 5 | 128.67|16.8! 545] 3.07)| 0.00036] .... | .... 5-10 
474} 6 | 129.79]17.51 546] 3.29)| 0.00038] .... | .... 5-10 
175| 7 | 125.80]17.0 547| 0.00038] .... | .... 5-10 
476) 8 | 128.52117.1 548 3.62)| 0.00041] .... | .... 5-10 
9 | 128.39]17.81 549 3.50)} 0.00040) .... | .... 5-10 
478) 10 | 124.36}16.1! 550 3.25)| 0.00037] .... | .... 
479] 11 | 127.09]16.4 1551 3.25) 0.00037| .... | .... 10 
480) 12 | 127.00/16.8 | 552 
481] 1 | 114.19) 2.0 G-2-1 577] 1.10 00020 Ol ws >-10 
482) 2 | 112.28} 2.1 G-2-2 ..|578 1.07 00019} —5/.... 
483} 3 | 110.92] 2.1 |...) G-2-3. . .|579] 1.09 00019} —5|... 
4 | 113.10) 2.0 G-2-4. 580 1.09 00019} —5}... 
485) 5 | 112.91] 2.1 G-2-5. 581 1.07 00019} —S5|.... 2-10 
486} 6 | 112.49) 2.1 . | G-2-6 582 1.07 00019} —5|... 10 
487| 7 | 112.61] 2.0 G-2-7 583 1.09 00019} —S|.... 5-10 
488} 8 | 112.47] 2.0 ... G-2-8 584 1.09 | 0.00019} —5 |... 
..|489] 9 | 113.52] 2.0 G-2-9 585 1.17 | 0.00021] +5] ... 
490} 10 112.90] 2.1 ... || G-2-10 586 1.05 | 0.00019} —S|.... 10 
491] 11 | 112.77] 2.0 ... G-2-11 587 1.07 | 0.00019] —5|...- 10 
492| 12 | 111.46] 2.1 ..... 1.05 | 0.00019} —5S|.... 5-10- 
493} 1 | 115.66] 4.2 ... G-10-4 589 5.36)| 0.00084] +12 | ...- 
494] 2 | 116.85] 4.6 ... G-10-2 590 4.43)] 0.00078] +4] 
3 | 116.74] 4.6 G-10-3 591 4.54)| 0.00079] +5]... 10- 
496] 4 | 115.58) 4.2 GA10-4 592 4.50)| 0.00079] +5 | 
..{497| 5 | 116.79) 4.6 | G-10-5 593 4.62)| 0.00082} +9 | 
498) 6 | 116.84] 4.6 G-10-6 594 4.51)} 0.00079} +5) 10- 
499] 7 | 113.55] 4.2 G-10-7 595 4.75)| 0.00084) +12 | 10 
500} 8 | 115.36] 4.5 G-10-8 4.57)| 0.00080] +7]. 
E 501} 9 | 113.72] 4.6 } G-10-9 597 4.66)| 0.00081} +8) .- 4 
10 | 112.18] 4.2 | G-10-10. .|598 4.58)| 0.00081) +8] 
B-5-S-11....|503| 11 ( 599 4.58)| 0.00081] +8 | -. 10-, 


TABLE III.—DESCRIPTION OF EXPOSURE PANELS (CONTINUED). 


Designation] 2/2 | & | |E4 Designation | | | A | 
601 111.14 0.036)| S-2-F-1 673) 1 112.13 2.13] 0.00024) —4 |0.035 
602 | 110.99 0.036]| S-2-F-2 674, 2) 110.35 2.10} 0.00024) —4 |0.035 
0-3 3 110.18 S-2-F-3 675} 3 | 109.96 2.12} 0.00024) —4 10.035 
O-+4 604 111.32 0.036) S-2-F-4 676) 4 110.51 2.06] 0.00023} —8 {0.035 
605 115.28 0.037|| S-2-F-5 677) 5 | 112.82 2.06] 0.00023} —8 |0.036 
606 115.15 0.037|| S-2-F-6 678} 6 | 111.73 2.02) 0.00023) —8 |0.035 
607 115.10 0.037], S-2-F-7 679) 7 | 113.25 2.03) 0.00023} —8 [0.036 
0-8. .° 608 | 114.99 0.037|| S-2-F-8 680} 8 | 112.48 2.04} 0.00023} —8 |0.036 
09 609 | 110.83 0.036]| S-2-F-9 681} 9 | 111.11 2.12} 0.00024) —4 10.036 
0-10 610 | 110.93 0.036) S-2-F-10 682} 10 | 111.20 2.18} 0.00025 0 {0.035 
0-11 611 } 115.45] . 0.037] S-2-F-11 683} 11 113.10 2.01} 0.00022} —12 |0.036 
0-12 612 112.00] . 0.036)| S-2-F--12 684) 12 | 112.13 2.07) 0.00023) —8 10.036 
0-13 613 115.67 0.037) S-5-F-1 685) 1 114.16 4.06} 0.00045} —10 [0.035 
614 115.33 0.037|| S-5-F-2 686} 2 | 113.50 4.52} 0.00050 0 10.035 
0-15 615 | 115.24 0.037|| S-5-F-3. . 687} 3 | 115.54 4.07) 0.00046) —8 |0.036 
0-16 616 115.18 0.037|| S-5-F-4 688} 4 114.76 4.06} 0.00045} —10 |0.036 
0-17 617 110.66 0.036) S-5-F-5 689) 5 114.67 4.06} 0.00045] —10 |0.036 
0-18 618 111.97 0.036] S-5-F-6. . 690} 6 | 114.88 4.11} 0.00046] —8 |0.036 
0-19 619 110.60 0.036)| S-5-F-7 691} 7 | 114.79 4.06] 0.00045] —10 10.036 
0-20 620 110.35 0.036]| S-5-F-8 8 | 114.87 4.16] 0.00046} —8 10.036 
0-21 621 108.95 0 .035]| S-5-F-9 693} 9 | 114.89 4.27| 0.00048] —4 |0.036 
0-22 622 115.14 0.037|| S-5-F-10 694, 10 | 115.45 4.06} 0.00045} —10 10.036 
0-23. . . 1623 111.78 0.036) S-5-F-11 695) 11 113.28 4.14) 0.00046} —8 [0.035 
0-24 ...]624 111,50 : 0.036) S-5-F-12 696} 12 115.59 4.22) 0.00047) —6 10.036 
§-10-A2-1...]625} 1 115.54] 7.99} 0.00090} —10 S-7-F-1 697; 1 117.26 6.13} 0.00069} —8 {0.036 
S$-10-A2-2 626) 2 | 117.17] 7.85) 0.00089) —11 S-7-F-2 2) 115.30 6.24) 0.00070| —7 10.035 
3 | 116.82] 8.14] 0.00092] —8 S-7-F-3 699} 3 | 116.81 6.24] 0.00070} —7 10.036 
$-10-A2-4 628} 4 | 119.83} 8.21] 0.00093) —7 S-7-F-4 700) 4 116.31 6.16} 0.00069} —8 10.036 
5 | 120.09] 7.94] 0.00090] —10 S-7-F-5 701} 5 | 117.38 | 6.39] 0.00072} —4 10.036 
S-10-A2-6 630} 6 | 118.71} 8.21) 0.00093) —7 S-7-F-6 702} 6 | 116.75 6.49} 0.00073) —3 10.036 
§-10-A2-7 631} 7 | 117.44} 8.41] 0.00095) —5 S-7-F-7 703) 7 117.38 6.37| 0.00071] —5 10.036 
S-10-A2-8 632 118.80) 8.15} 0.00092} —8 S-7-F-8 704) 8 | 117.09 6.45) 0.00072] —4 |0.036 
S-10-A2-9.. 9 | 120.17] 8.51] 0.00096) —4 S-7-F-9 9 118.06 6.73) 0.00075 0 |0.036 
S-10-A2-10. 10 | 119.22) 8.29) 0.00094) —6 S-7-F-10 706} 10 | 116.38 | 6.09) 0.00068} —9 |0.036 
S$-10-A2-11. .]635| 11 | 118.77] 8.29} 0.00094) —6 S-7-F-11 707) 11 116.10 6.40) 0.00072} —4 10.036 
$-10-A2-12. 1636] 12 | 116.63] 8.54] 0.00097] —3 S-7-F-12 708} 12 118.40 6.56) 0.00074) —1 {0.036 
1 | 117.33] 7.80} 0.00088) —12 S-10-F-1 709} 1 120.19 8.46) 0.00095|} —S5 |0.036 
S-10-A2-14. . 1638} 2 | 117.70) 7.72} 0.00087| —13 S-10-F-2 710} 2) 118.24 8.53} 0.00096) —4 [0.036 
$-10-A2-15. 3 | 119.52] 8.20] 0.00093) —7 S-10-F-3 711} 117.00 8.43) 0.00094) —6 |0.036 
S-10-A2-16. 1640) 4 | 118.85) 8.05) 0.00091) —9 S-10-F-4 4 | 120.47 8.53) 0.00096) —4 10.036 
5 | 117.26) 7.90} 0.00089) —11 S-10-F-5 713) 5 | 117.74 8.76) 0.00098} —2 10.035 
$-10-A2-18. 6 | 120.01} 8.34] 0.00094) —6 S-10-F-6 714, 6 | 119.34 8.78) 0.00098} —2 |0.036 
S-10-A2-19. .|643) 7 | 117.57) 8.21] 0.00093); —7 S-10-F-7 715} 74 121.03 8.76) 0.00098} —2 |0.036 
S-10-A2-20. .|644| 8 | 118.80] 8.04) 0.00091) —9 S-10-F-8 716} 8 | 118.99 8.92) 0.00100 0 |0.035 
S-10-A2-21..|645| 9 | 119.25] 8.47] 0.00096) —4 S-10-F-9 717} 9 | 115.93 8.20} 0.00092} —8 10.035 
S-10-A2-22. .|646) 10 | 118.75] 8.16} 0.00092) —8 S -10-F-10 718} 10 116.93 8.49) 0.00095; —S5 10.035 
5-10-A2-23 . .|647| 11 | 118.65) 8.17] 0.00092] —8 S-10-F-11 719} 11 | 118.91 8.75) 0.00098| —2 10.036 
$-10-A2-24. 12 | 118.54] 8.58] 0.00097} —3] . S-10-F-12 720) 12 | 118.13 8.80} 0.00099 —1 10.035 
S-10-A10-1..|649] 1 | 125.04) 8.89] 0.00104) +4 S-20-F-1 721) 1 123.94 | 15.98} 0.00179} —10 |0.035 
S-10-A10-2. .|650} 2 | 115.12] 8.62} 0.00101] +1] . S-20-F-2....]722} 2 | 125.18 | 16.04} 0.00180) —10 0.035 
S-10-A10-3. 1651] 3 | 120.85] 8.90] 0.00104 +4] ....]] S-20-F-3....]723} 3 | 124.40 16.19} 0.00181) —10 |0.035 
$-10-A10-4. 4 | 121.40] 8.19] 0.00096} —4 | ....|| S-20-F-4 4 126.18 | 17.56) 0.00186] —7 10.035 
$-10-A10-5. 1653} 5 | 120.62] 8.08) 0.00095} —5 | ....\| S-20-F-5 725) 5 | 127.44 | 16.36] 0.00184) —8 |0.036 
$-10-A10-6. .|654] 6 | 121.62] 8.32] 0.00097} —3]| ....|| S-20-F-6 726) 6 | 124.30 | 16.68} 0.00187| —6 0.035 
S-10-A10-7..|655| 7 | 118.61] 8.47] 0.00099} —1 | ....]| S-20-F-7....|727| 7 | 126.78 | 16.82] 0.00188) —6 |0.035 
S-10-A10-8 ..|656| 8 | 118.94] 8.15] 0.00095] —S _.|| S-20-F-8. ...]728] 8 | 126.96 | 16.57] 0.00186) —7 [0.036 
$-10-A10-9. 1657) 9 | 119.68] 8.55] 0.00100] 0 | ....|| S-20-F-9....]729] 9 | 123.49 | 16.68] 0.00180) —10 |0.035 
S-10-A10-10 1658} 10 | 119.94] 8.57) 0.00100) S-20-F-10. . 1730] 10 | 125.16 | 15.98] 0.00179] —10 |0.035 
5-10-A10-11 1659] 11 | 118.76) 8.21] 0.00096] —4 S-20-F-11. ..]731] 11 | 124.85 | 16.98].0.00190] —5 10.035 
5-10-A10-12 12 | 119.10] 8.41] 0.09099) —1 S-20-F-12 732) 12 | 126.86 | 16.46] 0.00184] —8 |0.036 
| 
5-10-A10-13. 661] 1 119.92] 8.56] 0.00100} 733) 1 | 113.82 | 4.14] 0.000460] —8 |0.035— 
1662} 2 | 119.34] 8.41] 0.00099) —1 S-5-S-2 734, 113.65 4.05} 0.00045) —10 |0.035 
3 | 116.62] 8.69) 0.00102) +2 S553 735) 3 | 115.94 4.09] 0.00046} —8 |0.036 
| 118.19) 9.00] 0.00105) +5 $-5 736) 4 115.67 | 4.12} 0.00046 8 10.036 
>-10-A10-17 .|665| | 119.27] 8.95] 0.00105; +5 $-5-S 5 5 | 114.60 | 4.05) 0.00045) —10 10.036 
>-10-A10-18 .|666) 6 | 120.81) 8.96) 0.00105) +5 S-5-S-6 738} 6 | 113.26 4.05| 0.00045} —10 {0.035 
Y10-A10-19 1667; 7 | 119.84) 8.15) 0.00096] —4 S-5-S-7 739) 7 114.58 | 4.06) 0.00045] —10 10.036 
>-10-A10-20.|668| 8 119.31] 9.00] 0.00105! +5 $-5-S-8 740; 8 | 114.43 4.13) 0.00046) —8 |0.036 
>-10-A10-21 9 | 117.42! 8.21] 6.00096] —4 S-5-S-9 741) 114.12 4.18) 0.00047 -6 10.036 
>-10-A10-22 1670) 0 | 119.12] 8.17] 6.00096} —4 S-5-S-10 742) 10 | 114.54 4.12] 0.00046] —8 10.036 
>-10-A10-23 .|671] 11 | 118.46] 8.99] 0.00105) +5 S-5-S-11 743) 11 110.87 4.19} 0.00047) —6 10.035 
10-A10-24. 672] 12 | 118.14] 8.19] 0.00090) —4 S$-5-S-12 744) 12 114.31 4.20) 0.00047] —6 0.036 
= 
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TABLE 


Average 


Designation 
Symbol 


inal Thickness, per 


Deposit Thickness, 
in. 
cent 


| Position on Plating 
Rack 
of Steel, in. 


| 
! Variation trom Nom- 


| 


Total Weight, g. 
Weight of Deposit, g. 
Average Thickness 


Calculated 


.00090 
00094 
-00096 
00093 
-00097 
00090 
06096 
.00090 
.06092 
06086 
00090 
00692 


1 
~ 

“sc 


i 


cesesese 


i 


= 


= 
= 
= 


i 


Soe 


ne 


9.000075 
-000077 
0.006078 
9.000075 
0.000077 
0.000074 
000076 
000086 
0. 000083 
0. 00007€ 
9.000077 
000086 


x 


Se 
i 


000080 
-000682 
9.000084 


SCRIPTION OF EXPOSURE PANE 


LS (CONTINUED). 


Average Thickness 


Designation 
Symbol 


Rack 

Deposit Thickness, 
inal Thickness, per 
of Steel, in. 


Position on Plating 
| Weight of Deposit, g. 
Calculated Average 


| Panel Number 


! 


| Total Weight, g. 


0.006083 
0.000086 
0.000087 
- 060085 
- 000083 
- 000087 


Variation from Nom- 


110.988 | 0.736 
112.052 | 
110.201 | 
108.489 | 
| 112.228 | 
111.075 | 


SO 


t 


114.682 | 
| 111.096 
110.792 | 
| 108.412 | 
112.393 | 
111.950 
111.015 | 
111.151 
110.540 | 
113.629 | 
| 113.376 | 
| 113.289 


0060098 
- 000098 
000100 
- 000100 
.000103 
.000105 
.000102 
-000105 
-060105 
00009. 


-0CO0101 
.000106 


CO 


112.958 | 
108.351 | 

| 112.355 | 
109.547 | 
111.325 
111.435 | 
112.248 | 

| 112.805 
113.945 


.790 
800 
-814 
832 
. 866 
.823 
.853 
.878 


- 000089 
- 000090 
- 000093 
-00C091 
- 000693 
-000097 
000092 
- 00009 
-C00096 


. 73419. 000082 
.767 |9-0ocose 


S 
S 
S- 
S 
S 
S 
S 
S 
S- 
S 
S- 
S. 
S- 


— 
SUD 


&& 


were lead plated } in. in from the edge 
in order to prevent edge rusting. 

Four vertical bare strips 7, }, } and 
} in. wide are left on certain of the 
plated panels for the purpose of de- 
termining possible galvanic effects and 
possible creeepage of rust under the 
lead plate. This was accomplished by 
spraying a synthetic resin lacquer 
through a suitable mask, electroplating, 
and then peeling off the lacquer. These 
panels are designated as “damaged.” 


IDENTIFICATION OF THE PANELS 


Each panel carries a specimen number 
and a designation, as shown in Table II. 
For the plated panels, the first letter of 
the designation indicates the base on 
which the lead is plated, and the first 
number shows the nominal plate thick- 
ness in ten-thousandths of an inch. The 


| 110.658 
1 | 106.968 
| 110.622 


! 


000060 
.000092 
-876}0.000098 


t 


next letter defines the plating bath, and 
the final number, the pcsiticn which the 
panel occupied on the plating rack. 


DESCRIPTION OF COATINGS 


Data for all of the panels are given in 
-Table III. These include the total 
weight of the plated panel, the weight of 
deposit, the calculated average coating 
thickness, the percentage variation from 
the nominal thickness, and, for those 
specimens to be examined for loss in 
tensile properties, the thickness of the 
steel base. 

The plating rack and anodes were 90 
arranged that the average coating thick- 
ness, as measured by increase in weight, 
on any one of the twelve panels plated 
simultaneously varies no more than 5 
per cent from the mean average thick- 
ness of the twelve. For the most part, 


288 
fe 
al 
0] 
0.030 S 775 Vi 
).03%|| S 77€ | 
S 778 | m 
S 77% -2 
0.035} S 780 +2 | --. ne 
0.035|| C 781 61 pe 
9.03c) C 783 wt 
9.035)| C 784 
: C 785 W 
ine 78¢ a3 
945) ).683 |788 va 
805) ).67¢ Cc 1790 pl 
$28) 0.684 Cc 1 791 Wi 
707|0. 704 2..|792 25 | <0! 
427)9.678 | 
128] 9.716 3. .|793 all 
308 |0 .67¢ 1 5... 1795 +9} Sq. 
585| 0.684 ) C 6 796 OF soc 
3: 1... |801 16 | 
772| 4 |(11.425|0. 710 2. +6 |. pel 
6 [111.866 4. |804 15 | Coa 
per 
bal 
of t 
hol 
and 
plat 
fror 
| eacl 
four 
acce 
that 
of 
men 
: the 
(Fis 
this 
tion: 
Yorl 
and 
to 7 


of Steel, in. 


= 
4 
| < 


h, and 
ch the 


deviations from the nominal thickness 
are less than 10 per cent, although in a 
few instances the deviations are some- 
what greater. The plate thickness over 
any single panel, as measured with the 
Magnegage and by electrolytic stripping 
of small areas over the panel surface, 
varies less than 5 per cent to within 2 in. 
of the edges for all of the plates so 
measured. The variation in plate thick- 
ness on the two faces of any individual 
panel is less than 10 per cent. 

The thickness of the copper plate, 
where present, is in all cases 0.000015 in. 

The coating thickness on the gal- 
vanized sheet was determined by strip- 
ping in an inhibited hydrochloric acid 
solution, and that of the hot-dipped lead 
alloys by anodic stripping at 20 amp. per 
sq. ft. in a solution of sodium hydroxide, 
sodium metasilicate, and Rochelle salt. 

The hot-dipped lead alloy coating, 
designated by the letter T, analyzed 18.9 
per cent tin, balance lead, and the alloy 
coating designated by A analyzed 2.35 
per cent tin, and 2.45 per cent antimony, 
balance lead. 


DISTRIBUTION OF THE PANELS 


As previously indicated, the plating 
of the specimens was carried out on racks 
holding twelve panels each in four rows 
and three columns. Positions on the 
plating rack were numbered horizontally 
from left to right. Three panels from 
each rack were assigned to each of the 
four exposure stations. To take into 
account possible but unknown differences 
that might have been due to the effect 
of position on the plating rack, assign- 
ment to the four stations was made on 
the basis of a modified Latin square 
Fisher, ‘Design of Experiments”’). By 
this arrangement, panels plated in posi- 
tions 1, 8, and 12 were assigned to New 
York, 2, 6, and 7 to State College, 3, 5, 
and 10 to Kure Beach, and 4, 9, ond it 
to Tela, Honduras. 
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The racks at the four stations hold the 
specimens at an angle of 30 deg. from the 
horizontal, facing south, in five horizcn- 
tal rows of thirty columns. Fach parcl 
carries a number (see Table III) cor- 
responding to its position in a raticnal 
listing. To insure random distribution 
on the exposure racks, the samples at a 
given station were listed by sample 
number and then assigned a second num- 
ber defining the position on the exposure 
rack. The latter number was taken 
from a random number list (Tippett’s 
Random Number Tables). 


INSPECTION DATA 


Panels were exposed at New York on 
January 11, 1944, at State College on 
February 19, 1944, and at Kure Beach 
on January 18, 1944. Exposure will be 
started at Tela in the near future. 

Electroplated lead coatings exposed to 
the atmosphere first either darken in 


appearance or acquire a film of a white — 
The first evidence | 


corrosion product. 
of attack on the steel base appears in the 
form of pinhole rust spots, which may 


occur in grours or colonies or which may 


be uniformly distributed over the panel 
surface. 
hole rust spots either disappear or merge 
into measurable rust areas. Rust stains 
that are not directly related to attack on 
the steel at the point of their appearance 
may be disregarded. It is the ir tention 
of the Inspection Group to report 
periodically on these conditions as they 
occur on the panels. 

Table IV describes the conditicn of 
those panels which had shown evidence 
of rusting at the time of last inspection. 

At New York, after 0.18 yr. exposure, 
the specimens were generally dark on the 
upper surface and somewhat lighter with 
mottled white corrosion product on the 
under surface. At State College and at 
Kure Beach the lead-coated panels were 
irregularly covered with a white corro- 


On further exposure, the pin-_ 
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TABLE IV.—CONDITION OF PANELS SHOWING EVIDENCE OF RUST. 
__ Abbreviations and Symbols Used: D —darkening of coating; W—white corrosion film; P—number of pinholes, up to 
25, visible at normal reading distance; IP—pinholes, more than 25, irregularly distributed; RP—pinholes, more than 25, sur 
distributed uniformly; R—per cent apparent rust of base metal. 


coa 
| R New York, N. Y. State College, Pa.| Kure Beach, N. C, pla 
9] & 2 | Upper|Under| Under 
Coating Group 83 ‘ses Upper Surface | finder 0.0 
ace 
| 0.07 | 0.18 | 007 | 018 | 2 | 007 | 007 | 2 | 0.14 | 0.14 suf 
Sulfamate lead on steel. ../0.00050) 5 15 WwW W-1R phe 
Fluoborate lead on steel.. 0.00008) 3 | 769) D-RP | 60R ... | 771) 97R 99R A 
776| D-RP | 30R ... | 773) 95R 95R 
780 | ... |35R | ...| ... | ... | 778] 98R | 90R 0.0 
Fluoborate lead on steel...|0.00025] | 49 p-ip| ... ... | ... | 51] w-RP | plat 
56 ee 53| W-RP | W-2R 
60 D-IP| ... | D-IP|...| ... | ... | 58] W-RP | W-3R on 
61 D-3P i... 63} 10R pire and 
72 D-IP D-IP. 
Fluoborate lead on steel...|0.00050} 5 73 3P 87| W-IP fror 
85 iP ow fron 
Fluoborate lead on steel Unc 
REARS 0.00100} 3 | 164 D-3P D-6P 
Fluoborate lead on steel...}0.00200} 17 | 228 D-7P 
Fluoborate lead on copper 
plated steel............. 0.00008} 3 | 793 50R . |45R | 794) RP 10P | 795) 90R 100R 
800} D-RP | 30R 798) RP 2P 797\| 6OOR 100R 
804) D-RP | 50R ... | 40R 799} RP 5P 802} 75R 85R 
Fluoborate lead on copper- 
plated steel. ...|0.00025} 5 | 301 ‘ich 10P 293} | WRP 
10R 
310 25R 
Fluoborate lead on copper- 
plated steel (damaged)..|0.00050} 3 | 348 D-IP 
Fluoborate lead on copper- 
plated steel............. 0.00075} 5 | 300 D-IP 
Fluoborate lead on copper- 
plated steel (damaged)..|0.00100) 3 | 404 D-5P 
Sulfamate lead-tin (2 per 
cent tin) on steel....... 0.00100; 3 ‘ 626) D-1P 627| IP IP 
629) IP IP 
634) IP IP 
Sulfamate lead-tin (10 per 
cent tin) on steel....... 0.00100} 3 651) IP 
653) IP IP 
658) IP 
Commercial _hot-dipped 
Terne (20 per cent tin)..|0.000179 3 | 529) D-RP | D-IP| ... | D-IP | 530} 80R IP 531) IP IP 
D-RP | 3R ... |2R | 534, 15R | 2R | 533| 80R 10R 
D-IP | 5R 535) IP 538) 99R 10R 
Commercial hot-dipped 
lead (2.5 per cent tin, 2 
per cent antimony). ....'0.00040, 3 541) 5R 10R | 542; 10R IP 543) 40R 40R 
5R 5R veo 546| 20R 10R | 70R 35R 
10R 547) 10R | 10R $50) 70R 50R 
Bare steel................. 6 | 601; 100R | 100R | 100R | 100R | 602, 50R | 90R | 603, 100R | 100R 
608} 100R | 100R | 100R | 100R | 606) 70R | 95R | 605) 100R | 100K 
612} 100R | 100R | 100R | 100R | 40R | 95R | 610| 100R | 100R 
613| 100R | 100R | 100R | 100R | 614| 45R | 95R | 615) 100R | 100R 
620} 100R | 100R | 100R | 100R | 618] 50R | 95R | 617) 100R | 100R 
624, 100R | 100R 100R | 100R 619 35R | 95R | 622, 100R | 100R 


| 
6 
| 


Ot 

7 


sion film (less pronounced on the under 
surface) with the exception of the alloyed 
coatings, either hot-dipped or electro- 
plated, which had darkened. 

It is evident from Table IV that the 
0,00008-in. electroplated lead and the 
hot-dipped lead alloy coatings have 
suffered early and severe rusting, the 
extent of which varies with the atmos- 
pheres. 

At State College after 0.07 yr. the 
0,00008-in. lead plates over copper 
plate had turned a purplish-red color 
on both the upper and under surfaces 
and were quite different in appearance 
fom panels without copper plate and 
from similar panels at the other stations. 
Under the conditions existing at State 
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College, the copper undercoat appears 
to be detrimental to the very thin lead 
plates. 

No creeping of rust under the lead 
plating at the bare steel-lead interfaces 
on the “damaged” panels has occurred 
at any of the stations. 

The subcommittee feels that any broad 
conclusions regarding the utility of 
electroplated lead coatings on steel are 
unwarranted at this early stage of the 
tests. 


Respectfully submitted on behalf of 
the’ subcommittee, 


Chairman. 
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- The formation of a standing committee 
on metal powders and metal powder 
products resulted from numerous sugges- 
tions to the Society that standardization 
was needed in this field, particularly to 
cover satisfactory methods of evaluating 
essential properties of both the powders 
and the resulting compacts. The mem- 
bers of the Society in the Buffalo area 
sponsored a Symposium on Powder 
Metallurgy, in Buffalo, N. Y., on March 
3, 1943, with a resulting publication,’ 
comprising the papers and discussion pre- 
sented at the symposium. In view of 
the interest shown and in response to 
requests that work in this field be under- 
taken, a special study committee which 
met in New York, N. Y., on July 22, 
1943, under the chairmanship of J. R. 
Townsend, reviewed the situation and 
recommended to the Executive Commit- 
tee that a standing committee on powder 
metallurgy be organized, which recom- 
mendation was approved, with the fol- 
lowing scope of activities: 


Scope—The formulation of specifications 
and methods of test for metal powders and 
metal powder products. 


W. A Reich, General Electric Co., and 
W. R. Toeplitz, Bound Brook Oil-Less 
Bearing Co., were appointed temporary 
chairman and temporary secretary, re- 
spectively, and an organization meeting 
was held in New York, N. Y., on Febru- 
ary 22, 1944. 

The temporary officers were elected as 
permanent chairman and secretary for 
one year. 


Symposium on Powder Metallurgy, Am 
ing Mats. (1943) ‘Symposium issued 
publication.) 


. Soc. Test- 
as separate 
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METAL POWDERS AND METAL POWDER PRODUCTS 
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The personnel of the committee, classi- 
fied as indicated in the list appearing in 
the 1944 A.S.T.M. Year Book, was ap- 
proved. In order to cover adequately 
the various phases of powder metallurgy, 
the following subcommittee structure was 
approved: 

Subcommittee I on Nomenclature and 
Technical Data (F. N. Rhines, chairman) 
will first prepare a compilation of defini- 
tions of terms peculiar to powder metal- 
lurgy; then assemble such fundamental 
data on metal powders and metal powder 
products as may fall outside the prov- 
inces of the other subcommittees. 

Subcommittee IIT on Metal Powders (D. 
QO. Noel, chairman) will prepare methods 
of test and specifications for metal pow- 
ders. 

Subcommittee III on Metal Powder 
Products (R. P. Koehring, chairman) will 
prepare methods of test and specifications 
for metal powder products. Due to the 
diversity of products under this subcom- 
mittee’s jurisdiction, the following sub- 
sections were approved: 

Subsection: 

1. Bearings, D. S. Urquhart, chair- 
man. 

2. Structural Parts, 
chairman. 

3. Cemented Carbides, E. W. Engle, 
chairman. 

4. Friction Materials, J. R. Nurney, 
chairman. 

5. Electrical Parts, A. B. Gibson, 
chairman. 


F. V. Lenel, 


A temporary advisory committee was 
named consisting of the officers of Com- 
= B-9 and the subcommittee chalr- 
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A subcommittee, consisting of B. T. 
du Pont, chairman, P. R. Kalischer, and 
A. B. Gibson, was appointed to prepare 
proposed by-laws of Committee B-9 for 
approval by the committee. 

It was emphasized at the organization 
meeting that Committee B-9 will 
cooperate with committees of other socie- 
ties engaged in powder metallurgy ac- 


be 


tivity and with other A.S.T.M. commit- 


tees having overlapping interests. 


Respectfully submitted on behalf of 


the committee, 


W. A. REIcu, 


Chairman. 
W. R. Toeptirz, 


Secretary. 
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Committee C-1 on Cement held two 
meetings during the past year: one in 
Pittsburgh, Pa., in June, and one in 
Allentown, Pa., in March. As a result 
of the activities of the subcommittees 
and of action taken at the March meeting 
of the committee, certain recommenda- 
tions affecting standards are submitted 
in this report. 

The Working Committee on Methods 
of Chemical Analysis (W. C. Hanna, 
chairman) is conducting cooperative 
studies on proposed methods of analysis. 
The Working Committee on Sulfate 
Resistance (D. G. Miller, chairman) 
has continued its studies and hopes to 
present an early recommendation re- 
garding the feasibility of a short-time 
lean-mortar bar test. Cooperative tests 
among a large number of laboratories, 
under the sponsorship of the Working 
Committee on Fineness (P. H. Bates, 
chairman), are producing helpful data 
on different types of fineness tests. The 
planned work has been continued by the 
Working Committee on Effects of Alka- 
lies in Portland Cement on the Durabil- 
ity of Concrete (R. I°. Blanks, chairman). 

Test data relating to Darex AEA as an 
air-entraining agent in portland cement 
were reviewed by the Working Com- 
mittee on Additions (H. J. Gilkey, 
chairman) at two meetings, and that 
subcommittee reported favorably to 
Committee C-1. Later in this report, 
Committee C-1 recommends revision of 

the Tentative Specifications for Treated 
Portland Cement for Concrete Pave- 


REPORT OF COMMITTEE C-1 
ON 
CEMENT 


ments (C 175-42 T) toinclude Darex AEA 
as an acceptable air-entraining agent. 
A summary of the data which were 
considered by the Working Commit- 
tee, and subsequently presented to 
Committee C-1, appears in the report 
of the Working Committee appended 
hereto. 

Some of the changes now proposed by 
Committee C-1 in the mortar strength 
tests were recommended by the Work- 
ing Committee on Strength (O. L. Moore, 
chairman) subsequent to cooperative 
tests arranged by that subcommittee. 

The Cement Reference Laboratory 
at the National Bureau of Standards 
has continued its work, under the super- 
vision of the Subcommittee on Cement 
Reference Laboratory (G. E. Warren, 
chairman). The eighth inspection toar 
among cement laboratories is in progress. 
The Public Roads Administration again 
has aided financially and has continued 
to require Reference Laboratory in- 
spection at laboratories which are to test 
cement for certain work. Increased 
attention has been devoted to compres- 
sion testing machines. ‘The laboratory 
has cooperated with the different sub- 
committees of Committee C-1. Com- 
mittee C-1 has recently referred the 
Manual on Cement ‘Testing to the 
laboratory for revision and moderniza- 
tion. 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
following three new methods of test be 
accepted for publication as tentative: 
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Tentative Method of Test for Deter- 
mining the Air Content of Portland- 
Cement Mortar.\--This method was sub- 
mitted by the Sponsoring Committee 
on Portland Cement (C. E. Wuerpel, 
chairman) following a cooperative study 
by members of that subcommittee and 
certain laboratories which were inter- 
ested in the deportment of portland 
cements which contain air-entraining 
agents. Results of the cooperative tests 
were distributed to the members of the 
committee and are presented in Ap- 
pendix I. 

Tentative Method for Determining Vin- 
sol Resin tn Cement.\—This so-called 
“methoxyl” method, offered for in- 
clusion in the Tentative Methods of 
Chemical Analysis of Portland Cement 
(C 114-42 T), was presented to Com- 
mittee C-1 by the Working Committee 
on Methods of Chemical Analysis (W. 
C. Hanna, chairman) in June, 1943, 
alter a cooperative study by six labora- 
tories. It has been modified in certain 
details since then. The method was 
developed chiefly by the Hercules Pow- 
der Co., the manufacturers of Vinsol 
resin, and is a modification of the Clark 
volumetric method.2 A discussion of 
the principles of this method will appear 
in the 1944 edition of the compilation 
of “A.S.T.M. Standards on Cement.” 

Tentative Method of Test for Heat of 
Hydration of Portland Cement2—This 
method, submitted to Committee C-1 
by the Working Committee on Heat of 
Hydration (G. J. Durant, chairman) 
is essentially the method contained in 
the Federal Methods for Sampling, 
Inspection, and ‘Testing Hydraulic Ce- 
ments (SS-C-158a) modified by some 
refinements in calculations and_pro- 
cedure. The results of a study of 
factors involved in the method, without 


‘These methods and specifications were accepted as 
tentative by the Society and appear in the 1944 Book of 


ASTM. Standards, Part II. 


mE. P. Clark, Journal, Assn. Official Agricultural 
Chemists, Vol. 15, p. 136 (1932). 


certain of the refinements of this pro- 
posed method, were contained in an 
A.S.T.M. paper by L. Shartsis and E. 


S. Newman.* 


II. REVISION OF ‘TENTATIVE STANDARD 


Tentative Specifications for Treated 
Portland Cement for Concrete Pavements 
(C 175 - 42 T).—As_ proposed by the 
Sponsoring Committee on Portland Ce- 
ment (C. E. Wuerpel, chairman), the 
committee recommends that the title 
of these specifications be changed to 


> 


read, ‘““Tentative Specifications for Air- 


Entraining Portland Cement for Con- 
crete Pavements,” and that they be 
revised as appended hereto.! In the 
revised specifications the tensile strength 
test has been eliminated because of 
the apparent nonapplicability of the 
standard methods for determining the 
amount of mixing water for the mor- 
tar. Tentative Method C 109, re- 
vised as recommended later in this report, 
will cover the desired adjustment of 
mixing water for the 
strength mortar. Because of the im- 
portance of keeping the air content of 
concrete made with these cements with- 
in suitable limits, there has been in- 
cluded a requirement for the amount of 
air entrained in a 1 to 4 mortar when 
tested according to the proposed Ten- 
tative Method of Test for Determining 
the Air Content of Portland-Cement 
Mortar, referred to earlier in this report. 
A new addition, Darex AEA, is described 
as acceptable, in Note 4 of Section 3 of the 
revised specifications. 

Before designating Darex AEA as an 
acceptable addition under these specifi- 
cations, Committee C-1 reviewed the 
results of tests conducted at a number 
of laboratories over some months inter- 
val. A summary of that information 
appears in Appendix I. A chemical 

* “A Study of the Heat of Solution Procedure for De- 


termining the Heat of Hydration of Portland Cement,” 
Proceedings, Am. Soc. Testing Mats., Vol. 43, p. 905 (1943) 
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method for the determination of the 
amount of Darex AEA in a cement has 
bcen submitted by the makers of Darex. 
This method, which is now being studied 
by the Working Committee on Methods 
of Chemical Analysis, is published as 
information only, in Appendix II. 


JIT. Revision oF STANDARDS, 
IMMEDIATE ADOPTION 


Standard Specifications for Portland 
Cement (C 150-42).—As proposed by 
the Sponsoring Committee on Portland 
Cement (C. E. Wuerpel, chairman), the 
committee recommends that these speci- 
fications be revised as appended 
hereto. In the revised specifications 
the compressive strength requirements 
for types I and III cements have been 
made the same as those in Federal 
Specifications for Portland Cement (SS- 
C-191b) and for High-Early-Strength 
Portland Cement (SS-C-201la). These 
changes in strength requirements were 
considered necessary, because one of the 
recommended modifications in Method 
C 109, as given later in this report, re- 
quires the mixing water content of the 
mortar to be adjusted according to the 
requirements of the individual cements, 
which is also required by the Federal 
specifications. Changes have been made 
in the section on packaging and mark- 
ing as well as minor changes in other 
sections, and appropriate revisions to 
provide proper references to the new 
separate test methods which are herein 
recommended. 

Standard Methods of Sampling and 
Physical Testing of Portland Cement 
(C 77 —- 40).—The following seven meth- 
ods of test which are not new in sub- 
stance but are set up as separate stand- 
ards, to take the place of the respective 
methods which heretofore appeared as 
component parts of Standard Methods 

‘These specifications and methods were accepted as 


standard by the Society “ appear in the 1944 Book of 
AS.T.M. Standards, Part I 


C 77, are recommended for immediate 
adoption as standard as appended here- 

Standard Methods of: 


Sampling Hydraulic Cement, 

Test for Fineness of Hydraulic Cement by the 
No. 200 Sieve, 

Test for Normal Consistency of Hydraulic 
Cement, 

Test for Soundness of Hydraulic Cement Over 
Boiling Water (Pat Test), 

Test for Time of Setting of Hydraulic Cement 
by the Vicat or Gillmore Needles, 

Test for Tensile Strength of Hydraulic-Cement 
Mortars, and 

Test for Specific Gravity of Hydraulic Cement. 


In effect, this separation, which has 
been considered as very advisable by 
Committee C-1, is but a revision of the 
form of presentation of the test pro- 
cedures now included in Methods C 77. 

Standard Methods of Chemical Anal- 
ysis of Portland Cement (C 114-42). 
These methods have been revised by the 
Working Committee on Methods of 
Chemical Analysis (W. C. Hanna, chair- 
man). The important revisions are out- 
lined in Appendix III. In addition 
proposed changes in form and wording 
will better present the steps of calcula- 
tion of results and effect some refine- 
ments in details. Nearly all of the 
changes are of an editorial nature, and 
no major changes in any of the pro- 
cedures are involved. Therefore, Com- 
mittee C-1 recommends the immediate 
adoption of this revision of Standard 
Methods C 114. 


IV. Apoprion OF TENTATIVE STANDARDS 
AS STANDARD 


Tentative Methods of Chemical Anal- 
ysis of Portland Cement (C 114 - 427). 
—Sections 1 to 8 of these tentative 
methods of chemical analysis have now 
stood for sometime without serious 
criticism, and it is recommended that 


5 1942 Book of A.S.T.M. Standards, Part II 
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they be adopted as standard to be in- 
cluded in Standard Methods C 114, 
with the addition to Section 7 of a note 
of caution about variations in tempera- 
ture of the standard KMnQ, solution. 

Tentative Method of Test for Compres- 
sive Strength of Hydraulic-Cement Mortars 
(C 109 - 43 T).—This method has been 
studied and revised by the Working 
Committee on Strength (O. L. Moore, 
chairman). In the proposed, revised 
method‘ which is recommended for adop- 
tion as standard, the requirement for a 
constant amount of mixing water has 
been replaced by the provision that the 
percentage of mixing water will be 
varied, according to the requirements of 
the individual cements, so as to secure 
mortars having a specified consistency 
as measured by the flow table. A sim- 
ilar requirement for consistency of mor- 
tar has been contained in the Federal 
Specification for Hydraulic Cement 
(Methods for Sampling, Inspection and 
Testing) (SS-C-158a) for a long time. 
Changes have been made in details of 
compacting the mortar in the cube 
molds and in the instructions for calculat- 
ing the strength. Except for revision 
of the requirement governing the per- 
centage of mixing water, no important 
changes have been made in the method. 


\V. EMERGENCY ALTERNATE 
SPECIFICATION 


Emergency Alternate Specifications for 
Portland Cement (EA ~ C 150).—The C-1 
Technical Advisory Committee (J. L. 
Miner, chairman) to the War Production 
Board recently secured the opinions and 
recommendations of its members, and 
reported accordingly to Committee C-1. 
It was the opinion of the majority of the 
subcommittee members that the Emer- 
gency Alternate Specifications for Port- 
land Cement (EA~—C 150) should be 
continued in force until the War Pro- 
duction Board’s Order L-179 is rescinded, 
and further that, in any action to rescind 


On ‘. 


= 


Order L-179 or withdraw EA-C 150, 
provision should be made for the dis- 
posal of cement made under these 
emergency specifications. Committee 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Affirm-} Nega- | Marked 
ative | tive | ‘Not 
Voting” 


Items 


I. New TENTATIVE STANDARDS 


Test for Determining the Air 
Content of Portland-Cement 


Mortar 62 3 3 
Test for Determining Vinsol [ 
Resin in Cement........... 62 0 5 


Test for Heat of Hydration of 


Portland Cement. 62 0 4 


II. Revision or TENTATIVE 
STANDARD 


Spec. for Treated Portland Ce- 
ment for Concrete Pave- 
ments (C 175-42 T)*....... 55 8 4 


III. Revision oF STANDARDS, 
IMMEDIATE ADOPTION 


Spec. for Portland Cement 
(C 150 - 42)... 63 1 2 
Sampling and Physical Testing 
of Portland Cement (C 77 - 
40), replaced by the follow- 

ing separate methods: 
Sampling Hydraulic Cement 64 2 2 
Test for Fineness of Hydrau- 
lic Cement by the No. 200 


Sieve -| 65 1 2 
Test for Normal Consistency 
of Hydraulic Cement. 63 2 2 


Test for Soundness of Hy- 
draulic Cement Over Boil- 
ing Water (Pat Test) ‘ 62 2 4 

Test for Time of Setting of 
Hydraulic Cement by the 


Vicat or Gillmore Needles 65 1 2 
Test for Tensile Strength of 
Hydraulic-Cement Mortars..| 65 2 1 


Test for Specific Gravity of 
Hydraulic Cements ...... 
Chemical Analysis of. Port- 

land Cement (C 114 - 42) 65 0 3 


IV. ApopTION oF TENTATIVE 
STANDARDS AS STANDARD 
Chen.ical Analysis of Portland 

Cement (C 114 -~ 42 T), 
Sections 1 to 8 only .. 65 0 3 
Test for Compressive Strength 
of Cement Mor- 
tars (C 109 - 43 T), as re- 
vised 


66 0 2 


@ The classified vote on the revision of the Tentative 
Specifications for Treated Portland Cement for Concrete 
Pavements (C 175 —- 42 T) was as follows: Affirmative: 29 
producers, 184 consumers, 8 general interests: negative: 3 
producers, 1 consumer, 4 general interests. 


C-1 considered the details of the sub- 
committee’s report, together with re- 
lated items including such matters as 
stocks of cement on hand, conservation 
of manpower, saving in power and 
grinding media, and the limitations of the 
committee’s field of activities, As a 
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result of the foregoifig considerations, 
Committee C-1 now recommerids to the 
Society that the Emergeicy Alternate 
Specifications for Portlaid Cement 
(EA 150) be continued until the 
War Production Board rescinds. Order 
L-179; Committee C-1 further recom- 
mends that, when Order L-179 is with- 
drawn, EA — C 150 be withdrawn by the 
Society,® but that EA —C 150 be pub- 
lished as an Emergency Alternate Speci- 
fication alone if L-179 is not withdrawn 
by the War Production Board by the 
time of publication of the 1944 Book 
of A.S.T.M. Standards. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 83 voting members, with the results 
shown in Table I. 

The committee is planning to submit, 
for publication as tentative specifications, 
a revision of the Standard Specifications 
for Masonry Cement (C 91 -40).° This 
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action follows recent considerations by 
the Sponsoring Committee on Masonry 
Cement, and is subject to letter ballot 
of Committee C-1. The Specifications 
for Masonry Cement (C 91 -- 40), are re- 
tained unchanged as current standard. 

The election of officers for the ensuing 
term of two years resulted in the re-elec- 
tion of the following: 

Chairman, P. H. Bates. 


Vice-Chairman, C. F. Conn. 
Vice-Chairman, D. Wolochow. 


Secretary, G. E. Warren. 


This report has been submitted to 
letter ballot of the committee which 
consists of 83 voting members; 71 mem- 
bers returned their ballots, of whom 68 
have voted affirmatively, and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
H. Bates, 
Chairman, 
G. E. WARREN, 
Secretary. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee C-1 presented to the Society 


through Committee E-10 on Standards the following recommendations: 


Revised Tentative Specifications for: 


Masonry Cement (C 91-44), for publication as a tentative revision 


of Standard Specifications C 91 — 40, and 


Withdrawal of Emergency Alternate Specifications for: hey 
Portland Cement (EA — C 150). ~ 
- The first recommendation was accepted by the Standards Committee on 


August 28, 1944, and the tentative specifications appear in the 1944 Book of _ 
A.S.T.M. Standards, Part II. ‘The second recommendation was accepted by 
Committee E-10 on December 11, 1944. —— 
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Under date of October 27, 1943, 
application was made by the Dewey & 
Almy Chemical Co. for the consideration 
of the Darex Air-Entraining Agent as 
an acceptable addition under the Tenta- 
tive Specifications for Treated Portland 
Cement for Concrete Pavements (A.S. 
T.M. Designation: C175). Darex AEA 
was described by the manufacturers as a 
triethanolamine salt of sulfonated 
hydrocarbon. 

The Dewey & Almy Chemical Co. 
submitted data covering the performance 
of Darex, which data were developed in 
the following laboratories during the 
past two years:! 

Massachusetts Institute of Technology, 

Massachusetts State Highway Depart- 

ment, 

Kansas State College, 

University of California, 

Bureau of Reclamation, ed 

Iowa State College, 

Wisconsin State Highway Department, 

Pennsylvania-Dixie Cement Corp., 

Marquette Cement Manufacturing Co., 

Warner Laboratories (H. J. Knopel), 

Municipal Laboratories of St. Paul, 

Certified Concrete Company of St. 

Paul, and 

Dewey & Almy Chemical Co., 

A condensed version of the results of a 
majority of the tests above mentioned 

vas distributed to the members of Com- 
mittee C-1 under date of February 14, 
19442 


| The laboratories are not listed in the same order in 
“aq their work is discussed in the attached summary of 
ata. 

, ?A summary and discussion of the data prepared by 
¢ chairman of the Working Committee appears in the 


Appendix on p. 300, 


The following test data were reviewed: | 
1. All physical and chemical tests 
required by the specifications, 

2. Compression tests on concretes, 

maximum sizes of aggregates 

from § to 235 in. Specimens 
~ tested: 3 by 6-in. to 6 by 12-in. — 
cylinders, 


3. Modulus of rupture on 6 by 6 by 
30-in. beams, 13 in. maximum ; 
size aggregate, 


4. Vertically and horizontally cast 
bond specimens, 

5. Freezing-and-thawing tests of con- 
crete in both calcium chloride | 
and water, 

6. Air voids determinations, and 

7. Volume change of concrete in both 
air and water storage. 


Concrete mixing procedures were: 
1. 2-sack paver mixer—2 min. 
2. 3-sack batch mixer—3 min. 
3. Hand mix—3 min. 
4. 3-yd. horizontal transit drum type 
—10 and 30 min. 
. 3-yd. high-discharge transit mixer— 
10 and 30 min. 
6. Lancaster mixer--3 min. 
As a result of individual study and of 
its group consideration of these data at 
two meetings, the Working Committee on — 
Additions recommends that Darex AEA 7 
be accepted by Committee C-1, in accord- — 
ance with the formal request of the 
Dewey & Almy Chemical Co., as an 
air-entraining agent under A.S.T.M, 
Specifications ©175 in amount not | 
exceeding 0.05 per cent by weight of the 
cement. 
This report was adopted by an affirma- 
tive vote of five of the seven voting 
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members of this Working Committee, 
two of the members not voting. (Mr. 
C. C. Ahles was unable to attend either 
meeting. Mr. D. G. Runner proxied for 
_ Mr. F. H. Jackson at the second meeting. 
Mr. Kennedy, of the Dewey & Almy 
Chemical Co., refrained from voting 
because of his connection with that 
company.) 


FOREWORD 


Because of the number of laboratories 

_ which have contributed data on Darex, 
the considerable range of tests and 
mixtures covered, and the further fact 
that most of the tests are not within the 
fully-standardized category, the different 
sets of data are not readily comparable 
one with another. Generally speaking, 
each phase of each investigation requires 
individual scrutiny and no general com- 
parative summary or tabulation is 
feasible. The essential aspect of each 
test series, regardless of where it was 
conducted, is the fully controlled com- 
parison between the Darex treated 
cement and the “blank” (the same 
cement and the same mixture without 
Darex). 

The primary function of the air- 
entraining agent is to increase the 
resistance to freezing and thawing in the 
presence of either water or chloride 
salts, such as those used in snow removal, 
even though such added resistance may 
entail some loss in strength. Pertinent 
tests naturally include, therefore, such 
properties as freezing and thawing, 
strength at various ages, workability 
effects, bond with steel, and possible 
swelling and shrinkage under wetting 
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APPENDIX 


THE DATA ON DAREX AEA 


Norte.—Herein the word Darex refers to Darex AEA (Darex Air-Entraining Agent). — 


A Proposed Method of Chemica] Anal- 
ysis for Darex AEA in Portland Cement, 
submitted by the Dewey & Almy 
Chemica] Co., is published as information 
in Appendix II. 

Respectfully submitted on behalf of 
the subcommittee, 

_H. J. Gikey, 
Chairman. 


As summarized by H. J. Gilkey, chairman, Working Committee on Additions. 


and drying out. The uniformity of 
results secured with different representa- 
tive cements is also an important item. 
Since the durability seems to be definitely 
related to the increased air voids pro- 
duced by the addition, measurements of 
air voids secured under different condi- 
tions of mixing and for different mixtures 
are important as are also indications 
relative to the degree of uniformity to be 
expected. Since a majority of the tests 
were made on small specimens and small 
maximum size of aggregate, there needed 
to be some tests on job-size aggregates 
and specimens and on field-type mix- 
tures to make sure that there is no 
important reversal of indications for the 
changed conditions. It seemed desir- 
able, also, to check on how concrete 
made from Darex cement compares in 
essential properties with concrete made 
from cement having other additions 
which have been considered acceptable 
(notably Vinsol resin), not with the idea 
of attempting to demonstrate a com- 
mercial advantage but rather as a check 
upon whether or not the Darex cement 
could be expected to perform in a manner 
comparable to the performance of other 
treated cements which have been passed 
upon as acceptable. 
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passed 


A few test data are supplied on com- 
parative results from standard accept- 
ance tests but these are not considered 
essential to the committee in formulating 
its recommendation since a Darex cement 
must pass the same acceptance tests as an 
untreated cement and any significant 
deficiency here would result in routine 
rejection regardless of a Committee C-1 
pronouncement of acceptability as an 
addition. 

The statements which follow represent 
the attempt of the chairman of the 
Working Committee on Additions to 
supply impartial generalizations on what 
the several setsof datashow. They are 
subject to all the potential errors and 
inaccuracies of human appraisal which 
may arise from misplaced emphasis and 
inequitable ratings of different factors 
and facts. The actual data, rather than 
this attempted summary of findings, are 
recommended as the one proper source 
for careful study. For example, : no 
attempt is made here to supply adequate 
descriptions of mixtures, aggregates, 
methods of test, or any of the other 
several factors essential for a_ well- 
rounded picture of a project. It does 
need to be repeated, however, that all 
such factors were nominally identical 
for the blank and the Darex mixtures, 
unless definitely indicated as otherwise 
in the summary. 

Presumably, the chairman of Com- 
mittee C-1, or any member thereof, or 
the Dewey & Almy Chemical Co. can 
provide access to the data in condensed 
form as supplied to the entire member- 
ship of Committee C-1. 


SUMMARY OF INVESTIGATIONS © 


Laboratory A 


A type II cement blank and the same 
cement with 0.035 per cent Darex added 
were compared for normal consistency, 
initial set, final set, and compressive 
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strength at 3, 7, and 28 days. The 
results for the blank and the Darex 
cements were virtually identical. The 
Darex gave no adverse indication for 
any of these properties, the 28-day 
strength being slightly higher for the 
Darex-treated cement (4300 psi. against 
4100 psi.). 

Comparative shrinkage tests on 2 by 2 
by 10 in. 1:3 mortar bars, moist cured 
for 16 days followed by dry storage at 
70 F. and 50 per cent relative humidity, 
showed no discernible differences in 
shrinkage between the blank and Darex 
specimens at ages of 28, 90, and 180 
days. 

A type I laboratory-ground clinker 
was used for comparing freezing-and- 
thawing performances (in water) of 
concretes made from the blank, 0.035 
per cent Darex, and 0.03 per cent Vinsol 
resin cements, respectively. Corre- 
sponding percentages of air voids were 
2, 2.8, and 5.1 per cent, respectively, 
with initial strengths of 5490, 5220, and 
4530 psi. At 90 cycles expansions were 
0.28, 0.02, and 0.02 per cent. At 100 
cycles the blank failed and at 230 cycles 
the Darex and the Vinsol resin concretes 
had expanded 0.05 and 0.04 per cent 
with percentage weight losses of 6 and 8 
(the loss for the blank having been 
25 per cent at 100 cycles just prior to 
failure). 


Laboratory B 


For grind No. 1 portland cement, 
ground with 0.03 per cent Darex and 
without, the relative weights of 5.5 sack 
mixtures at equal water-cement ratios 
and slumps were 152.0 and 156.1 lb. per 
cu. ft., respectively, for Darex and the 
blank. Strengths for the Darex cement 
were slightly higher at 1 and 3 days and 
slightly lower at 7 and 28 days (4930 
against 5330 psi. at the latter age). 

Under comparative freezing-and-thaw- 
ing tests in water, the relative expansions 
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were 115 and 500 at 96 cycles and 345 
and 7550 at 456 cycles. The blank 
disintegrated completely at 468 cycles. 
The loss in weight for the Darex con- 
crete was slightly under 1 per cent at 
cycles. 


Laboratory C (first listing) | 


Comparative strength tests on nominal 
5.8 sack, equal slump and equal water- 
cement-ratio mixtures using brand No.2 
cement, comparing the blank cement 
with 0.03 per cent Darex and Vinsol 
resin cements gave highest strengths 
_ for the Darex concrete at ages of 1, 3, 7, 
and 28 days. For blank,’ Darex, and 
_ Vinsol resin concretes the strengths at 
3 months were 5740, 5440, and 4410 
psi. and at 2 yr. were 5680, 5530, and 
4500 psi. The corresponding air voids 
~ were 0.2, 1.5, and 3.0 per cent. 

Identical tests with brand No. 3 
cement and the same order of additions 
as above gave indications of the same 
order, the 3-month and 2-yr. strengths 
being 5900, 5680, and 5060 psi. and 6820, 
6600, and 5900 psi., respectively, with 
air voids of 0.5, 1.9, and 2.2 per cent. 

Freezing-and-thawing tests in calcium 
chloride solution showed losses in dy- 
namic modulus of 59.0, 30, and 32.4 per 
cent for the No. 3 cement at 15 cycles and 
of 70.8, 23.5, and 22.4 per cent for the 
No. 2 cement at 30 cycles, when using 
the additions in the same order as above. 

Similar strength and _ freezing-and- 
thawing tests of nominal 6.3 sack mix- 
tures of brands Nos. 3, 4, and 5 cements 
gave results of the same order as those 
cited for the blank, Darex, and Vinsol 
resin concretes. 


Laboratory D 


Three rather widely different brands of 
cement (laboratory ground), Nos. 6, 7 
and 8, were compared in 5.5 and 7.5 sack 
mixtures in the blank and with 0.03 per 
cent Darex. For compressive strengths, 
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compared at 1, 7, 28 days and 6 months, 
the Darex led by a substantial margin 
in nearly every case for the 5.5 sack I 
mix, but for the 7.5 sack mixture Darex 


was slightly below the blank at 6 months t 
for cements Nos. 7 and 8, and decidedly € 
lower in strength for cement No. 6 ( 


(6385 and 4360 psi. at 28 days and 8400 t 
and 5710 psi. at 6 months). Weights I 
were decreased 4 or 5 |b. per cu. ft. I 
(2.8 to 3.4 per cent added air voids). s 

For freezing-and-thawing tests in cal- V 
cium chloride, specimens with Vinsol r 
resin were included. The blanks all dis- I 
integrated at about 20 cycles but the d 
Darex and Vinsol-resin concretes showed 
little length change, little loss in dynamic 
modulus or weight change after 130 
cycles. The leaner mixtures (5.5 sacks) C 
were affected more than the 7.5 sack r 
concretes. 


For the same three cements and similar 
mixtures, comparisons of freezing-and- c 
thawing tests were made using water ¢ 
instead of calcium chloride. For the \ 
5.5 sack mixtures the blanks all dis- I 
integrated at 35 or 40 cycles, but for the i 
7.5 sack mixture disintegration of the I 
blanks occurred between 110 and 130 ( 
cycles. At 130 cycles weight losses were . 
not great for either the Darex or the t 


Vinsol resin mixtures. 
Under 28- and 84-day immersions in 
water at 70 I*. the expansion of the Darex 


concrete was about the same as that for c 
the blanks for the same three brands of 
cement. In like manner, for 28- and 84 ‘ 
day dry air storage at 120 F. the shrink- I 
ages of blank and Darex concretes were , 
about the same for both the 5.5 and 7.5 | 
sack mixtures. In other words, for ¢ 
normal soaking and drying out the h 
presence or absence of Darex seemed not . 
to be significant. 
Laboratory E 5 

Comparisons of 14-day compressive 


and bond strengths (both horizontally 


= 


and vertically cast), with and without 
Darex, were made for 5.5 and 7.5 sack 
mixtures from the same lots of Nos. 6, 7 
and 8 brands of cement ground at labora- 
tory D and used in its tests. For nearly 
every mixture the compressive strength 
of the Darex concrete exceeded that of 
the blank, usually by a substantial 
margin. The bond stresses developed 
by the Darex concretes also averaged 
somewhat above those for the blanks 
with some individual interchanges in 
relative positions. ‘The horizontally cast 
bond specimens were tested as push-outs 


and the vertically cast as pull-outs. _ 
Laboratory F 


Drying-out shrinkage measurements 
comparing blank mortars with Darex 
mortars for Nos. 6, 7 and 8 cements 
ground at laboratory D, were made on 
1.5 by 1.5 by 6-in. mortar bars at periods 
of 21 and 28 days and 2 and 3 months 
drying. In nearly all cases the shrinkage 
was slightly greater for the Darex but in 
no case was there any marked difference 
in the amount of shrinkage. At 3 
months the extreme range was 0.0094 to 
0.0121 per cent for the blank concrete 
and from 0.0107 to 0.0141 per cent for 
the Darex concrete. 


Laboratory G 


Data secured from brand No. 9 
cement blank and with Darex inter- 
ground at the plant gave comparative 
chemical analyses and compound com- 
positions whicl: were virtually identical 
for the blank and the Darex cements. 
The standard physical tests for normal 
consistency, setting time, soundness (5 
hr. in steam) and fineness (specific 
surface and No. 325 sieve) also agreed 
closely. Tensile strengths of 1:3 stand- 
ard mortars were nearly identical, being 
slightly higher for the Darex concrete 
at all ages. Compressive strengths of 
1:2.75 plastic mortars were slightly 


higher for the Darex concrete at 1 and _ 


7 days and for the blank concrete at — 
3 and 28 days. 

Comparisons of 6-sack concretes at 
nominally equal water contents gave 
about 2 in. greater slump for the 0.03 per 
cent Darex and equal or slightly higher 
compressive strengths at 1, 3, 7, and 28 
days. Mixtures with a slightly lower 
water-cement ratio for the Darex con- 
crete (5.5 against 6 gal. per sack) to 
produce equal slumps gave somewhat 
higher compressive strengths for the 
Darex at all four test ages. The air 
voids were about 5.3 per cent for the 
Darex against 2.6 per cent for the blank. 

Some supplementary physical tests 
comparing blanks with 0.025 and 0.04 
per cent Darex grab samples (at identical 
mill charges for blank and Darex) gave 
the same results for normal consistency, 
time of set and soundness. The Darex 
cement was somewhat finer by both the 
surface area and No. 325 sieve criteria. 
The differences in 1:3 standard tensile 
strengths at 1, 3, 7, and 28 days were 
slight, the Darex cement averaging a 
trifle higher than the blank. In like 
manner, the 1:2.75 plastic mortar com- 
pressive strengths were somewhat higher 
for the Darex, except for the 28-day 
0.04 per cent Darex which was 4108 
against 4158 psi. for the blank. The 
corresponding 0.025 Darex concrete gave 
4458 psi., however. 


Laboratory H 


Tests were made on typical highway 
concretes (6 by 12-in. cylinders, ag- 
gregates up to 2.5 in., and _ fineness 
modulus for mixed aggregates within the 
range of 5.76 to 6.37). Brand No. 9 
cement, with and without 0.03 per cent 
Darex, ground at laboratory G plant, was 
used in mixtures which ranged from 5.17 
to 6.37 sacks per cubic yard with a 
nominal slump of 2 in. Air voids were 
about 1 and 4 per cent, respectively, for 
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blank and Darex concretes. At 3, 7 and 
28 days the strengths of the Darex 
concretes averaged about 95, 95.5, and 
89 per cent as strong as the blanks. 


Laboratory C (second listing) 


Using the same cements as those in the 
laboratory H tests above, laboratory C 
made tests of concrete in 4 by 8-in. 
specimens using 1-in. maximum aggre- 
gate (fineness modulus 5.5 to 5.7) in 
mixtures from 4.4 to 6.6 sacks per cubic 
yard tested at 3, 7, and 28 days. Air 
voids were from 0.50 to 0.90 per cent for 
the blanks and from 3.40 to 5.80 per cent 
for the Darex concretes. Mixtures were 
at nominally equal slumps of 2 in. with 
net water-cement ratios slightly higher 
for the blank than for the Darex (of the 
order 0.710 versus 0.625; 0.575 versus 
0.512; 0.550 versus 0.483; and 0.482 
versus 0.443). In nearly every instance 
the Darex concretes were somewhat 
stronger than the blanks. For the 
richest mixtures the difference was the 
more pronounced. Laboratory C dupli- 
cated the laboratory G series with the 
brand No. 10 cement discussed below, 
the results being quantitatively similar 
and qualitatively identical with those 
secured from the laboratory G series. 

~ 


Laboratory J 


Physical tests of blank and 0.03 per 
cent Darex (cement ground and tested 
by the company) show the blank to be 
slightly finer, and to have slightly lower 
normil consistency, 30 min. shorter 
initial set, 1 hr. shorter final set, and 
identical autoclave expansions at 0.17. 
Both tensile and compressive mortar 
strengths were virtually identical at 1, 3, 
and 7 days. Chemical analyses and 
compound compositions were also vir- 
tually identical for the blank and Darex 
cement. 
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Laboratory K 


Brands Nos. 9 and 10 cements (blank 
and 0.03 per cent Darex) as described 
heretofore, were used for 7 and 28 day 
compressive strength tests on 6 by 12-in. 
cylinders and for 7 day flexural strength 
tests on 6 by 6 by 30-in. beams. Mixing 
time was 3 min. in a batch mixer, 
Mixtures were nominal 5.5 sacks per 
cubic yard and slump 1 in. for cement 
No. 9 and 2.5 in. for cement No. 10, the 
water-cement ratio being 0.06 lower for 
the Darex in each case. Air voids were 
0.4 and 0.1 per cent for blank concretes 
and 3.8 and 4.6 per cent for the Darex 
concretes. Compressive strengths were 
slightly higher for the Darex concretes 
at both 7 and 28 days and the 7-day 
moduli of rupture were virtually identical 
for the two. 


Laboratories L and M 


Brand No. 10 cement (as heretofore 
described) was used for these tests in 
which the participants included (besides 
the above), laboratories N and C. 
Using 1}-in. maximum aggregate in 11 
pairs of mixtures (blank and 0.03 per 
cent Darex) ranging from 4 to 6 sacks 
per cubic yard, 7-day compressive 
strengths were secured for all tests and 
7-day moduli of rupture were observed at 
laboratory N. Variables included type 
of mixer (horizontal transit for batches 
1 to 9, and high discharge transit for 
batches 10 and 11; also batch mixer in 
laboratory K tests previously discussed); 
mixing time (10 and 30 min., 2 min. for 
the batch mixer); and rate of drum 
rotation (5 rpm. for all but mix 5 at 
10 rpm. and the batch mixer at 18 rpm.). 

The Darex concretes gave higher 
strengths in most cases and a higher 
overall average. Increasing the length 
of mixing time had no consistent effect 
on air voids in the blank and seemed to 
decrease slightly rather than increase the 
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voids in the Darex. Mixing time had no 
marked effect on strengths. Doubling 
the rate of rotation (5 to 10 rpm. in the 
horizontal transit mixer) had no marked 
effect on air voids or strength. There 
is no evidence that the high discharge or 
batch type mixer produced results es- 


4- 


sentially different from those secured in 
the horizontal transit type. These tests 
appear to indicate that variable air 
entrainment for variable time of mixing 
or mixer equipment should not prove to 
be a seriously disturbing factor in the 
case of Darex cement. 
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APPENDIX I 


REPORT ON COOPERATIVE STUDIES OF PROPOSED METHOD OF 
TEST FOR AIR CONTENT OF PORTLAND-CEMENT MORTAR 


The Tentative Method of Test for nies? and the Central Concrete Lab- 
Air Content of Portland-Cement Mor- oratory, Corps of Engineers, U. §, 


TABLE I.—AIR CONTENTS AND WATER-CEMEN iu RATIO OF STANDARD MORTAR CONTAINING PLAIN 
AND VINSOL RESIN-TREATED CEMEN TS ASD ETERMINE DBY CENTRAL CONCRETE LABORATORY. 


. Air Content of Mortar, per cent 
Vinsol | Water- 
Resin 


Cement e- 
Serial No. cone | ment Round 1 Round 2 Round 3 Average Average 
per cent Ratio” Devia- 


A | B | A Tests | tion 


PLaIn CEMENTS 


S with NEUTRALIZED RESIN 


10.2 | 10.8 | 10.6 | 10. 


12.3 | 12.0 | 12. 
18.3 | 18.2 | 19 


19.4 19.8 
21.0 20.3 | 
19.7 | 19.6 
| 20.1 | 20.0 
| 24.8 | 23.8 | 
15.2 | 14.2 | 
24.0 23.9 | 


EERE SY | 


CEMENTS WITH FLAKE VINSOL RESIN 


7.7 | 17.5 | 17.1 0. 
9.7 | 19.3 | 20.0 0. 
3.6 | 15.6 | 15.0 5. 5.5 | 14. ‘9 | 0: 
3.7 | 13.8 | 14.2 "3 | 14. : ‘2 | 0: 
3.1 | 23.0 | 23.7 ‘0 | 23.9 | 23.6 0.. 
5.0 | 15.0 | 14.7 "3 | 14.6 | 15.0 | 0. 
3.8 | 15.5 | 15.9 | 15.4 | 15.7 | 15.9 | 0. 


1 
1 
1 
1 
2: 
1 
1 


@ Type I cement; all others are Type II as prescribed in the Standard Specifications ray Portland oS ement (AS.T. M. 
Designation: C 150), 1942 Book of A.S.T.M. Standards, Part II, 
Percentage of water by weight of cement. 


tar' which is recommended for ac- Army. The purpose of the investigation 
ceptance by the Society was. devel- was to develop means by which the ait- 
oped in the course of a cooperative 
investigation by four cement compa- 


—— 2? Universal Atlas Cement Co. 
! This method was accepted as tentative by the Society Lone Star Cement Corp. ” 
and ee in the 1944 Book of A.S.T.M. Standards, Part Pennsylvania-Dixie Cement Corp. 
Il, p. Glens Falls Portland Cement Co. 


i 
7 
f 
= 
| | | 
5*..........1 0.001 | 80.5 | 3.5 | 4.1 | 44] 44] 49] | 4.4 | 0.4 
1...........| 0.002 | 80.0 4.0 | 4.0] 4.7] 3.8 4.1 | 0.3 
| 78.2 454 421 282 281 201 471 SS ... 4.5 | 0.4 
| 77.7 4.8 | 5.71 5.6] 4.8] 5.6] 5.3 5.3 | 0.4 
0.001 | 79.8 | 4.0 4.3 4.9] 5.1 5.8] 5.1] 4.9] 66] ... 5.1 | 0.6 
Ce 
4 
13..........-| 0.005 | 70.9 | 10.7 | 10.7 | 11.9 | 10.8 
34...........| 0.007 | 68.0 | 11.7 | 11.4 | | 
14..........-| 0.009 | 70.0 | 11.6 | 11.2 | 11.2 | 12.6 1.9] ... 11.9 
40...........] 0.012 | $8.0 | 19.7 | 18.5 | 19.8 
7 15...........] 0.013 | 59.1 | 18.0 | 18.7 | 18.7 | 18.7 0 ... | 18.5 
| 15.1 | 14.8 | 14.8 14.9 
56.0 20.1 19.9 20.5 20.2 
| le 59.1 | 20.2 | 20.1 20.6 | 19.1 20.1 20.4 | 20.6 20.0 . 
16........-..| 0.019 | 55.5 | 20.8 | 21.2 | 21.2 | 20.8 21.5 | 21.0 | 20.5 | 20.9 
18......-.---| 0.022 | 58.5 | 19.8 | 19.9 | 19.7 | 19.9 20.2 | 20.2 | ... 19.9 | 
19..........-] 0.032 | $7.9 | 20.6 | 20.5 | 20.1 | 20.3 20.1 | 20.7 | 20.0 | 20.3 | 
227........-.| 0.034 | 55.7 | 24.3 | 24.0 | 24.6 | 24.9 23.8 | 24.2 | 23.6 | 24.2 : 
207......--++| 0.035 | 66.3 | 15.0 | 15.3 | 15.3 | 14.2 $.4\15.0 1 ... 15.0 , 
21.......-+--| 0.042 | 53.6 | 24.2 24.7 | 25.8 | 24.7 | 24.6 | 
——— 
12...........| 0.012 | 62.0 | 17.6 
0.024 | 57.9 19.2 
66.9 13.8 
55.8 23.0 
0.042 64.7 15.1 
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entrainment -characteristics of cement 
meeting the A.S.T.M. Tentative Specifi- 
cations for Treated Portland Cement for 
Concrete Pavements (C 175— 42 T) could 
be made regulable. As the investigation 
proceeded, it became evident that regu- 
lation of air entrainment could not be 


several thousand barrels of cement from 
single clinker burns at each of five mills. 
The procedure followed was to grind 
untreated cement for about 1 hr. and 
extract a 10-bbl. sample; start adding 
flake (unneutralized) Vinsol resin and 
adjust to 0.03 per cent, then grind for 


TABLE Il.—AIR CONTENTS AND WATER-CEMENT RATIO OF STANDARD MORTAR CONTAINING PLAIN 
ANDV INSOL RESIN -TREATE D CEMENTS AS DE TERMIN ED BY F IVE COOP -ERATING LABORA’ TORIE S. 


Cement 
Serial No. cob 


Lab. Lab. 
A> | Be | Ce 


CemE NTS 


~ 


Air Content of Mortar, per cent 


CEMENTS WITH NEUTRALIZED VINS 


Water by Weight of Cement, per cent 


Grand| 


Aver-| 
age 


ation 


Lab | Lab. | Lab. | Lab. | Lab. 
A> Bb cb 


80.5 | 80.9 


RESIN 


| 70. 
0 | 64. 

| 70. 


0 | 9. 


ow 
a 


NPOLUNM OK 
OR eNO 
cs 


Dae ew 


CEMENTS WITH FLAKE VINSOL 


). 
D. 
0. 
0 
0. 
0 
0. 
0. 
0 
0. 
0. 
0. 
0 
0 


19.8 1 
21.9 
25.0 1 
17.7 1 
17.4 


* Type I cement; all others are type Ila as prescribed i in the Standard Specifications for Portland Cement (A.S.T.M. 
Designation: C 150 42), 1942 Book of A.S.T.M. Standards, Part II, p. 
Average values for ‘three rounds. 
© Average values for one round. 


Average values for two rounds. 


achieved satisfactorily by the simple 


expedient of specifying the amount of 
the air-entraining agent to be inter- 
ground with the cement. A_ rapid 
physical test of the air-entraining char- 
acteristic of the cement was necessary. 
The investigation entailed the actual 
manufacture on a commercial scale of 


about 1 hr. and extract a 10-bbl. sample; 
cease adding flake Vinsol resin and start 
adding neutralized’ Vinsol resin and 
adjust to about 0.01 per cent, then 
grind for about 1 hr. and extract a 
15-bbl. sample; and finally, increase 


An aqueous solution of sodium hydroxide and Vinsol 
resin nis NaOH to 100 Vinsol resin, by weight). 


S. 
als 
Lab. | Lab. |Gtand| ag 
| Ef | De 
ag | atic 
1 ' ' ' ' 
via- | 
ion 5¢ 0.001 | 3.4] 2.3] 3.3] 4.0| 3.5| 0.6 | | 78.8 | 80.9 | 80.6 | 80.2] 0.5 
Bats 0.002 | 4.1] 4.0] 2.4] 3.5] 3.6] 3.5] 0.5 | 80.0 | 80.0 | 80.0 | 80.0 | 80.9 | 80.2] 0.3 
2 0.002 | 4.5] 4.2] 2.9] 4.4] 3.6| 3.9] 0.5 | 78.2 | 78 78.2 | 78.2 | 80.9 | 78.7 | 0.8 
4... ..| 0.001 | 5.3] 5.1] 4.4] 5.5] 5.2] 5.1] 0.3] 77.3 75.4 | 77.3 | 76.4 | 76.8| 0.7 
| 0.001 | 5.1] 4. 73.0 | 81.8 | 76.4 | 78.4 | 2.9 
- 13 | 0.005 | 10.8 | 10 
33 | 0.006 | 9.6) 12 
34 0.007 11.6 13 
14 | 0.009 | 11.9] 11 
40... | 0.012 | 19.3 | 18 
15 | 0.013 | 18.5 | 17 
S... 0.013 | 14.9 | 15 
36 0.016 | 20.2 | 19 
0.019 | 20.9 | 20 
18... 0.022 | 19.9 | 20 
19 & 0.032 | 20.3 | 21 
204 ..«-| 0.035 | 15.0 | 15 
21 | 24:6 | 25 
12 ..| 0.012 | 17.5 | 16.9 | 17.3 | 17.5 | 5 
x ... | 0.024 | 20.0 | 19.6 | 19.5 | 19.2 : 
6 0.025 | 14.9 | 15.5 | 15.7 | 14.8 2 ; 
7 0.026 | 14.2 | 13.6 | 13.4 |.14.2 | 6 
— il 0.028 | 23.5 | 23.5 | 23.5 | 22.1 | 6 
0.2 9 0.042 | 14.9 | 15.4 | 14.4 | 15.5 4 ; 
0.4 10°. 0.042 | 15.8 | 15.5 | 14.9 | 15.3 0 
0.5 
0.3 
0.3 
0.2 
0.2 
S.T.M. 
a tion 
air- 
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the addition of the sodium-resinate to 
about 0.03 per cent Vinsol resin, then 
grind for about 1 hr. and extract a 15- 
bbl. sample. The samples were packed 
in export-type bags and forwarded to 
the Central Concrete Laboratory. Upon 
arrival at the laboratory, the contents of 
a majority of the individual bags were 
analyzed and enough of the nominal 
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had been used on field projects were 
included in the air-content study. 
Samples of the 22 cements were 
prepared carefully and divided into five 
parts for distribution to the cooperating 
laboratories where the method of test 
for determining air content in mortar‘ 
was used to determine the air-entraining 
characteristics of the various untreated, 


Vinsol Resin 
Content, 


per cent 


| 
Cement | 
Serial Number | 


Air in Concrete, 
per cent 


Ratio of Air Contents 
of Mortar and Concrete 


Gravel | Stone Gravel Stone 


0 010 NVR 
0.020 NVR 
0.028 VR 


plain 
0.012 NVR 


BUNS SONS 


in 


. 


wore oo 


Average 


Grand Average............. 


2.65 


* Type I cement; all others are pe II, as designated in the Standard Specifications for Portland Cement (A.S.T.M. 


Designation: C 15)), 1942 Book of 
Percentage of water by weight of cement. 


© NVR indicates cements with neutralized Vinsol resin. 


VR indicates cements with flake Vinsol resin. 


0.01 and 0.03 neutralized-Vinsol resin 
cements were machine blended to provide 
an adequate quantity of 0.02 neutralized- 
Vinsol resin cement for the desired tests. 
This procedure provided a total of 20 
samples, that is, five cements treated in 
four different ways. 

In addition to the 20 samples described 
above, 2 samples of commercial cements 
(type I and type II cement as prescribed 
in A.S.T.M. Standard Specifications for 
Portland Cement (C 150 - 42)) which 


.S.T.M. Standards, Part II, p. 1. 


flake-Vinsol resin-treated and _neutral- 
ized-Vinsol resin-treated cements. Each 
laboratory was requested to run 3 groups 
of 3 tests each on different days. The 
individual data obtained by the Central 
Concrete Laboratory are given in Table 
I. The average data obtained by each 
laboratory and the grand average and 
average deviations are given in Table II. 
Both of these tables include data on 
"Similar to the subject test method in all respects 


except that a 1000-ml. measure was used instead of the 
500-ml. measure. 


q 
III.—COMPARISON OF AIR CONTENT OF MORTAR OF CO! El 
| ir in RC 
| Mortar, 
plain | 80.0 | 4.0 | 1.3 RC 
0.017 NVR | 19.9 6.4 
‘| 0.030 VR4 63.5 | 15.1 4.3 
RC-101.........-....| plaia 78.0 4 2.0 
RC-103..............| 0.009 NVR 70.0 11 4.0 RC 
0.019 NVR 61.8 5.6 
ae 0.029 VR 66.3 5.1 
0.008 NVR 62.0 15 4.7 
0.013 NVR 57.3 19 6.5 RC 
0.028 VR 57.3 23 10.0 
77.3 5 1.5 
66.4 14 4.9 
| 55.5 | 22 7.5 
| 65.5 13 4.3 
RC 
78.2 5.1 2.0 
0.020 NVR 58.2 2.1 | 7.0 
RC 
RC 
i 
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TABLE IV.—TESTS FOR COMPARING AIR ' TABLE IV—Concluded 
CONTENT OF MORTARS MEASURED IN 
1000-ML. AND 500-ML. MEASURES. 1000-ml 


1000-ml. 500-ml. Cement 
Measure Measure 4 Serial i i 

Number 


Cement 
Serial 
Number 


RC-104...... 


Average.., 


Average 


RC-113... 
Average. . 


RC-112 
Average... 


RC-101 


Average... 


une 
| 
sac ag maw | 
aan wl | wee 
> 


Average 
27 cements, because 5 additional cements 
' were added to the list after the first 

results were obtained and these were 

tested by three of the laboratories. 

The data in Tables I and II show a 
definite relationship of air content with 
amount of neutralized Vinsol resin 
despite the presence of cements from 
5 different mills. The data show, also, 
the definite absence of a relationship of 
air content with amount of flake Vinsol 
resin in the cements. 

The data in Tables I and II show, also, 
the excellent concordance of the test 
method within the laboratory and be- 
tween laboratories. In view of the fact 
that this was the first experience of the 
laboratories with the method, it might 
be expected that the concordance will 
improve with use and experience. 

The data in Table III, which shows 
the relationship of the air content in 
mortar with that in concrete, were 
obtained by determining the air content 
of concrete containing each of two types 
of coarse aggregate made with each of the 

cements included in the test program. 

The air content of the concrete was 
determined by the weight per cubic foot 

method given in the latest proposed 
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revision of the Standard Method of ‘Test 
for Yield of Concrete (C 138 39).° 

In view of the fact that extensive field 
experience and laboratory tests have 
shown that an air content in concrete of 
5 to 6 per cent is the optimum for 
obtaining maximum workability, bleed- 
ing reduction, and durability, with a 
minimum of strength reduction, the 
tests reported herein show that the ratio 
of air-in-mortar to air-in-concrete is 
about 2.65. It thus appears logical to 
establish a limit of 14 + 4 per cent for 
the air content in the Cement Specifica- 
tions C 175. 

Subsequent to the completion of the 
investigation reported above, it became 
evident that a reduction in quantity of 


6 1944 Book of A.S.T.M. Standards, Part II, p. 487. 


standard sand required by the test would 
be most desirable. In order to determine 
the practicability of reducing the size 
of the test batch, a series of experiments 
were conducted by the Central Concrete 
Laboratory on 15 cements in which the 
air contents were determined in parallel 
with a 500-ml. measure and a 1000-nl. 
measure. The results of this investiga- 
tion, given in Table IV, indicate that 
the air content may be determined with 
either size measure with approximately 
equal accuracy. ‘Therefore, the method 
was revised to require the smaller and 
more economical size of batch. 7 


Respectfully submitted on behalf of 
the Sponsoring Committee on Portland 
Cement, 

C. E. WUERPEL, 
Chairman 
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PROPOSED METHOD OF CHEMICAL ANALYSIS FOR DAREX 


APPENDIX II 


ATR-ENTRAINING AGENT IN PORTLAND 


. _ This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American So- 
4 ciety for Testing Materials, 260 S. Broad St., Philadelphia 2, Pa. 


1. Apparatus: (a) Distillation Apparatus. 

Use an all-glass apparatus consisting of a 
500-ml. Erlenmeyer flask and a Friedrichs 
spiral condenser in which the condensed 
distillate comes out at the lower end. 

(b) Colorimeter.—Use a photoelectric col- 
orimeter fitted with a selective light filter 
to give transmission limits of approximately 
400 and 450 A_ spectrophotometer, 
which makes it possible to use a narrow 
band anywhere within the range of vision, 
may be used and the center of the band 
used in this method should be 425 mu. 

2. Reagents: (a) Water.—Use distilled 
ammonia-free water throughout. 


Note 1.—Ammonia-free water may be ob- 
tained by redistilling ordinary distilled water to 
hich 0.1 g. of NaeCO; and 0.1 g. of KMnO, per 
iter have been added. Reject the first quarter 
und the last sixth of the distillate. The center 
portion is substantially ammonia-free. 


(b) Standard Ammonium Chloride Solu- 
om (1 ml. = 0.00025 g. Darex AEA).—Pre- 
pare a stock solution which contains 3.93 g. 


! This proposed method is under the jurisdiction of the 
\.S.T.M. Committee C-1 on Cement. Published as in- 
formation, June, 1944. 
? This proposed method is based on a procedure recom- 
mended by the American Public Health Association and 
¢ American Water Works Association for determining 
lbuminoid nitrogen in water and described in “Standard 
Methods for the Examination of Water and Sewage,” 
Eighth Edition, p. 45 (1936). The general outline of the 
method was proposed by the Dewey & Almy Chemical Co., 
manufacturers of Darex Air-Entraining Agent, to Commit- 
teeC-1 on Cement, and this procedure is published as in- 
mation only, pending study by the Working Committee 
1 Methods of Chemical Analvsis, 
Varex AEA is a triethanolamine salt of a sulfonated 
ydrocarbon. TDA, or any other substance that yields 
ammonia on treatment with alkaline permanganate, will 
aterfere with the determination. 
, The working Committee on Methods of Chemical 
Analysis is conducting a cooperative investigation of this 
ethod which is expected to result in an improved de- 
Cription, 


of Committee C-1. 


of NH,CI per liter. Dilute 10 ml. of this 
stock solution to 1 liter to make the stand- 
ard solution. 


Note 2.—The standard solution contains 
0.0000103 g. of nitrogen per ml. and is equiva- 
lent to 0.00025 g. of Darex AEA. The standard 
solution is unstable and should not be kept for 
more than two days, but the stock solution 
may be kept for a period of at least six months. 


(c) Alkaline Solution of Potassium Per- 
manganate.—Dissolve 20 g. of KMnO, and 
dilute to 1 liter. Dissolve 70 g. of NaOH 
(or 100 g. of KOH) and dilute to1liter. Mix 
the two solutions. 

(d) Nessler Reagent.—Dissolve 50 g. of 
KI in about 35 ml. of water and add a satu- 
rated solution of HgCl, until a slight precip- 
itate persists. Dissolve 144 g. of NaOH (or 


202 g.of KOH) and add to the solution of | 


2HglI.-2KI. Dilute the combined solution 
to 1 liter and allow it to clarify by sedimenta- 
tion. Use the clear solution in the procedure. 


Note 3.—The reagent should give the char- 
acteristic yellow-brown color with ammonia 
within 5 min. and should not produce a precip- 
itate with small amounts of ammonia within 
2 hr. 


3. Calibration of Colorimeter.—Calibrate 
the colorimeter with the standard solution 
of NH,Cl. Omit the distillation described 
in Section 4. Mix the standard solution 
and Nessler reagent in the colorimeter tube 
or cell. Set the zero of the instrument with 
distilled water. and Nessler reagent in the 
colorimeter tube or cell. 

Note.—-The details of the calibration depend 


on the instrument and should be carried out as 
instructed by the manufacturer. The measure- 
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ment of light passing through a colored solution 
should be made between 10 and 25 min. after 
the addition of Nessler reagent. The full in- 
tensity of the color is attained in about 10 min., 
but the solution may become turbid if it is al- 
lowed to stand more than 25 min. If the reagent 
produces no color with distilled water, the use 
of the reagent may be omitted in the setting of 
the zero. 


4. Procedure.—(a) Put 100 ml. of water 
in the Erlenmeyer flask and attach the 
Friedrichs spiral condenser. Distill off 50 
ml. of the water and discard the distillate. 
Disconnect the condenser, add 25 ml. of 
the alkaline solution of KMnQ, and 75 ml. 
of water, and immediately replace the con- 
denser. Distill 48 to 49 ml. of the water 
into a 50-ml. volumetric flask (Note 1). 
Add 1 ml. of the Nessler reagent to the 
distillate, dilute to the 50-ml. mark, mix, 
and allow to stand 10 min. (Note 2). Trans- 
fer the solution to a colorimeter tube or cell, 
place it in the colorimeter, and set the in- 
strument at zero. 


Nore 1.—A colorimeter tube may be used to 
receive the distillate directly if a volume of 50 
ml. can be correctly measured in the tube. 

Nore 2.—If no color is produced, the dis- 
tillation and treatment with the Nessler reagent 
may be omitted and distilled water may be used 
directly. Otherwise the zero should be set as 
directed, because when so set the colorimeter 
gives readings automatically corrected for a 
blank. 


(b) Place 5 g. of cement (Note 3) and 100 
ml. of water in the 500-ml. distilling flask 
and proceed with distillation as described 
in Paragraph (a). When the condenser is 
disconnected after the preliminary part of 
the distillation, make certain that all of the 
cement is still in suspension. If any cement 
is sticking to the flask, loosen it with a glass 
rod and wash the rod before the addition 
of the alkaline solution of KMnO, and more 
water. Treat the distillate with the Ness- 
ler reagent and place in the colcrimeter as 
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described in Paragraph (a). Measure the 
intensity of the light passing through the 
solution as directed by the manufacturer of 
the colorimeter. 


Note 3.—If the color produced by 5 g. of 
cement is too dark to be measured precisely, the 
colored solution may be diluted or a smaller 
sample may be used. 


(c) Calculation—From the measure. 
ment of the transmitted light, calculate the 
content of Darex AEA in the sample to the 
nearest 0.001 per cent. 


Alternate Method 


Norte.—In case of dispute, results obtained 
in accordance with Section 4 shall govern. 


Apparatus: (a) Distillation Apparatus. 
—-Use the apparatus described in Section 
1 (a). 

(b) Colorimeter—Any equipment that 
can be used for comparing colored solutions 
visually may be used. A colorimeter of the 
Duboscq immersion. type is suitable if a good 
degree of precision is desired. In the ab- 
sence of a colorimeter of any kind, a number 
of matched Nessler color comparison tubes 
of 50-ml. capacity may be used. 

6. Reagents —Use the ammonia-free wa- 
ter and the reagents described in Section 2. 

7. Procedure.—(a) Proceed with the dis- 
tillation and add the Nessler reagent to the 
distillate as described in Section 4. Ifa 
visual colorimeter is available, complete 
the determination and calculate the per- 
centage of Darex AEA in the manner appro- 
priate to the instrument. Ifa colorimeter is 
not available, put the colored solution ina 
Nessler tube and compare it with several tubes 
which contain solutions of known concen- 
trations. In some cases it may be more 
convenient to omit the volumetric flask and 
receive the distillate directly in a Nessler 
tube. 

(b) Calculation.—Calculate the content 
of Darex AEA in the sample to the nearest 
0.001 per cent. 
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SUMMARY OF 


PROPOSED REVISIONS IN METHODS OF CHEMICAL 


ANALYSIS OF PORTLAND CEMENT 
(C 114-42 and C 114-42 T)! 


The following summary presents the 
more important features of the proposed 
revision in the A.S.T.M. Methods of 
Chemical Analysis of Portland Cement 
(C 114-42 and C 114-42 T). 

No attempt is made here to present in 
detail the numerous minor editorial 
changes which do not affect the substance 
of the methods, but consist mainly of 
items such as rearrangement of sections 
and paragraphs, changes in terminology 
to conform to current practice, revisions 
in section numbers, rewording for clarity 
and for desirable uniformity. Section 
numbers of the present methods are used 
in outlining the following notes. 

The new material, which comprises 
new Sections 4 to 6, is presented in full. 
Section 4 differs somewhat from the 
corresponding Section 3 of the Tentative 
Recommended Practices for Apparatus 
and Reagents for Chemical Analysis of 
Metals (E 50 — 43 T), after which it is 
modeled, as the American Chemical 
Society does not have specifications for 
all reagents mentioned in Methods 
C114. References to published specifi- 
cations and test methods are added. 

One of the principal changes involves a 
rearrangement of the methods separating 
the routine from the alternate pro- 
cedures. In the revised methods the 
routine procedures will be described first 
and these will be followed by the alternate 
methods which are provided for those 
who wish to use procedures that are 


shorter or more convenient than the 
routine determinations for certain com- 
ponents. The revised methods will re- 
quire, however, that in case of dispute, 
results obtained by the routine methods 
shall govern. 

At the end of each procedure there will 
be included a section on calculations 
which will include a formula to use 
together with any necessary explanation. 


This is an important addition to the 
methods and should be of assistance to 


the analyst. 
CHANGES IN MetuHops C 114 — 42 


New Sections.—Add new Sections 4 
to 6 to read as follows, renumbering the 
subsequent sections accordingly: 


4. Purity of Water and Reagents: (a) Water.— 
References to water shall be understood to mean 
distilled water. 

(b) Reagents.—Unless otherwise indicated, it 
is intended that all reagents shall conform to the 
specifications of the Committee on Analytical 
Reagents of the American Chemical Society, 
when such specifications are available When 


such specifications are not available, the best 


grade available should be used. Other grades 
may be used, provided it is first ascertained that 


the reagent is of sufficiently high purity to — 


permit its use without lessening the accuracy of 
the determination. 
5. Concentration of Reagents.—(a) Concen- 


trated Acids and Ammonium Hydroxide.—When 
acids and ammonium hydroxide are specified by — 
name or chemical formula only, it shall be under-_ 


2“A.C.S. Analytical Reagents,’’ American Chemical 
Society, Washington, D.C., March, 1941. For suggestions 
on the testing of reagents not listed by the American 
Chemical Society, see “Reagent Chemicals and Stand- 
ards,’’ by Joseph Rosin, D. Van Nostrand Co., Inc., New 


‘ For an explanation of this recommendation see p.296. York, N. Y. (1937). tS ee 
313 


7 
- é = 
“aSure- | 
ite the | 
to the | 
= 
| 
| 
| 
| 
| 
| 


314 


stood that concentrated reagents of the following 
specific gravities or concentrations are intended: 


Hydrochloric acid, HCl 
Hydrofluoric acid, HF 

Nitric acid, HNOs 

Sulfuric acid, H2SO.4 
Ammonium hydroxide, NH,OH 


sp. gr. 1.18 
48 per cent 


The desired specific gravities or concentrations 
of all other concentrated acids shall be stated 
whenever they are specified. 

(b) Diluted Acids and Ammonium Hydroxide. 
—Concentrations of diluted acids and am- 
monium hydroxide, except when standardized, 
shall be specified as a ratio stating the number of 
volumes of the concentrated acid or ammonium 
hydroxide to be diluted with a given number of 
volumes of water, as in the following example: 
HCI! (1:99) means 1 volume of concentrated 
HC! (sp. gr. 1.18) diluted with 99 volumes 
of water. 

(c) Standard Solutions —Concentrations of 
standard solutions shall be expressed as normali- 
ties or as equivalents in grams per milliliter of the 
component to be determined, for example: 
0.1 N Na.S.O;, or K2Cr,0; (1 ml. = 0.004 g. 
Fe,0;). 

(d) Nonstandardized Solutions.—Concentra- 
tions of nonstandardized solutions prepared by 
dissolving a solid reagent in a solvent shall be 
specified in grams of the reagent per liter of 
solution, and it shall be understood that water is 
the solvent unless otherwise specified, for 
example: NaOH (200 g. per |.) means 200 g. of 
NaOH dissolved in water and diluted with 
water to 1 liter. In the case of certain reagents 
the concentration may be specified as a per- 
centage by weight, for example ethanol (50 
per cent) means a solution containing 50 g. of 
ethanol per 100 g. of solution. Other nonstand- 
ardized solutions may be specified by name only 
and the concentration of such solutions will 
be governed by the instructions for their 
preparation. 

6. Glassware*—(a) All glass apparatus and 
vessels used in analytical work should be 
carefully selected to meet the particular require- 
ments for each operation. Standard volumetric 
flasks, burettes, and pipettes should be of 
precision grade. 


3 For further information the following references may 
be consulted: 

E. F. Mueller and R. M. Wilhelm, ‘“‘Methods of Testing 
Thermometers,” Proceedings, Am. Soc. Testing Mats., 
Vol. 38, Part I, p. 493 (1938); 

. Moran, “*Methods of Testing Volumetric Glass- 
ware,” Proceedings, Am. Soc. Testing Mats., Vol. 41, p. 
492 

J. P. Bader and E. L. Peffer, “Methods of Testing Hy- 
drometers,” Proceedings, Am. Soc. Testing Mats., Vol. 42, 
p. 463 (1942) 

E. L. Peffer and G. C. Mulligan, “Testing of Glass 
Volumetric Apparatus,” Nat. Kburcau Standards Circular 
C434, Superintendent of Documents, Government Printing 
Office, Washington, D. C. (1941). 


REPoRT OF CommMiTTEE C-1 III) 


a 


(b) New and improved types of glass ap. 
paratus are available, including colored glass for 
the protection of solutions affected by light, 
alkali-resistant glass for use where superior 
resistance to alkalies is important, and a high- 
silica glass having exceptional resistance to 
thermal shock. Standard-taper, interchange- 
able, ground-glass joints are useful in analytical 
work. 


Section 4.—In the second line of the 
note under Section 4 insert “all” after 
Sane 

Section 5.—Omit Section 5, this sec- 
tion having become awkward due to the 
increasing number of procedures. For 
certain procedures, special directions are 
necessary for a blank. Therefore, in the 
proposed revision of Methods C 114 a 
paragraph covering the blank deter- 
mination is to be added to each proce- 
dure in which it is required. This is in 
accordance with the arrangement used 
in the A.S.T.M. methods for chemical 
analysis of metals. The proposed word- 
ing of the paragraph on blanks in 
Methods C 114 in most cases is as fol- 
lows: “Make a blank determination, 
following the same procedurc and using 
the same amounts of reagents, and cor- 
rect the results obtained in the analysis 
accordingly.” 

Section 6(a).—Delete “finely pow- 
dered” in the first sentence. 

Section 9.—Change the first sentence 
of Paragraph (a) to read “Dissolve 10 g. 
of SnCl,-2H,0 in 25 ml. of HCl and 75 
ml. of water.” Change the italic head- 
ing of Paragraph (d) to read “Standard 
Potassium Dichromate Solution (1 ml. = 
0.004 g. Fe.O3).” At the end of Para- 
graph (d) add a new sentence to read 
“Calculate the FeO; equivalent of the 
solution in grams per milliliter by mul- 
tiplying the weight of iron in the amount 
of iron wire used by 1.430 (molecular 
ratio of Fe.O3; to 2Fe) and dividing by 
the volume of K.Cr.O; _ solution 
required.” 
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Section 10.—Delete the words “hav- 
ing a titer not greater than 0.004 g. of 
Fe,O3 per ml.” from the next to the last 
sentence. 

Section 11.—In the revised procedure 
for calcium oxide the elimination of man- 
ganese now prescribed when manganic 
oxide is determined will be made manda- 
tory in all cases. 

Section 14.—Change the italic heading 
of Paragraph (c) to read “Standard 
Sodium Hydroxide Solution (0.33 N).” 
Delete the fourth sentence of Paragraph 
(c) and the second sentence of Para- 
graph (d). 

Section 15.—In the third sentence of 
Note 2, after “KMnO,” add “fas MnO..” 

Section 17(b).—In the next to the last 
sentence, change “solution of (NH4)s 
C,0,-H,O (4 per cent)” to read “am- 
monium oxalate solution (50 g. per 1.).” 

Section 20.—In Paragraph (a), change 
“100 ml. of water” to read “water and 
dilute to 100 ml.” Change first two 
lines of Paragraph (5) to read “Gladding 
Wash Solution.—Dissolve 100 g. of 
NH,CI in water, dilute to 500 ml., and 
add.” 

Section 24.—Delete Note 2. 

Section 25.—Change the italic heading 
of Paragraph (b) to read “Standard 
Sodium Hydroxide Solution (0.3 N).” 

Section 27.—In the first sentence, 
change “0.9008” to read “0.90.” 

Section 29.—In the first sentence, 
change “5.63” to read 

New Section—Under ‘“Chloroform- 
Soluble Organic Substances” add a new 
section to read as follows: 


Reagents: Chloroform:—Ii the blank deter- 
mination exceeds 0.0015 g., the chloroform 
should be distilled before use. Chloroform 
recovered in the procedure may be slightly acid 
but can be reused for the portions to be shaken 
with the aqueous acid solution of the sample in 
the 1-liter funnel. Chloroform used for washing 
the filter and transferring the extract should be 


fresh or distilled trom fresh chloroform. _ 


Section 32.—At the end of Paragraph 
(a), change “separate” to read “stand 
15 min. to separate.” After the first 
sentence of Paragraph (6) insert a new 
sentence to read “Keep the amount of 
the aqueous layer transferred to an 
absolute minimum, since excessive water 
in the 125-ml. funnel may result in 
incomplete extraction of the scum and 
may cause an emulsion which does not 
separate readily.”” Change the fourth 
sentence of Paragraph (6) to read “Shake 
the 250-ml. funnel,” deleting the re- 
mainder of the present sentence. Change 
the fourth and fifth sentences of Para- 
graph (d) to read “Evaporate the ex- 
tract at a low temperature (not over 


63 C.) to dryness (Note 5) and heat it — 


in an oven at 57 to 63 C. for 3 min. 


Pass dry air into the vessel for 15 sec., — 


cool, and weigh.” Change the third, 
fourth, and fifth sentences of Note 5 to 
read “‘When a quick evaporation is 
desired, the solution may be evaporated 
on a hot plate at a low heat under a 
stream of dry air through a glass tube 
(about 1 cm. in inside diameter) until 
the solution is about 0.3 cm. in depth. 
Then remove the vessel from the hot 
plate and continue a slow stream of dry 
air until the residue appears dry. Then 
continue with a more rapid stream of dry 
air for 5 min. at room temperature be- 
fore placing the vessel in the oven at 57 
to 63 C. After each 3-min. heating 
period in the oven, pass dry air into the 
vessel for about 15 sec. before weighing.” 
In footnote 10, delete the first and third 
sentences. 

Section 34.—In Paragraph (a) under 
“Separate Determinations” insert “Free 
Calcium Oxide” just above ‘“Water- 
Soluble Alkali.”” Delete Paragraph (6). 
In the proposed revision of Methods 
C 114, the number of decimal places to 
be used in reporting results is covered 
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by a paragraph on calculations in each 
procedure. 


CHANGES IN Metuops C 114 — 42 T 


Sections 1 to 8 of Tentative Methods 
C 114-42 T are to be incorporated in 
the revised Standard Methods C 114, 
with the following changes: 

Section 6.—In the first sentence, 
change “5.636” to read “5.64.” In the 
fifth sentence, change ‘0.005636’ to 
**().0056357.” 

Section 7. 
notes: 


Add the following two 


Nore 1.—The temperature of the standard 
KMnO, solution should not vary from its 
standardization temperature so much as to cause 
a serious error in the determination of CaO. 


REpoRT OF CommitTEE C-1 (Apprnprx III) 


At ordinary room temperatures the volume of 
pure water changes to the extent of 0.01 to 0.04 
per cent for each degree Centigrade. 


Note 2.—When the amount of calcium 
oxalate is very small, its oxidation by KMn0Q, is 
slow to start. Before the titration, add a littie 
MnSO, to the solution to catalyze the reaction, 


Section 8.—Designate this procedure 
as Method A. Add the following note: 


Note.—Alternate Method A may be used - 
when it is desired to determine MgO in the 19 
filtrate from the determination of CaO (Section 
7). Alternate Method B or C* may be used of 
when the determinations of SiO», Al.O;, and B 
CaO are omitted. 

se 

4 Alternate Methods B and C are the methods now ar 

described in Sections 15 and 17 of Standard Methods ) 


C 114 - 42. 


1 
er 
sk 
al 
“fi 
ti 
4 t 
fc 
li 
| h 
li 
q 
f 
4 
3 


is 


5». 


Committee C-7 on Lime held one 
meeting during the year, on June 30, 
1943, in Pittsburgh, Pa. 

The year has seen the death of two 
of the members of Committee C-7: 
Bernard L. McNulty, one of the repre- 
sentatives of the Marblehead Lime Co., 
and J. F. O’Reilly, representing the 
Operative Plasterers’ and Cement Finish- 
ers’ International Assn. of the United 
States and Canada. The total member- 
ship at present is 54; of whom 25 are 
classified as producers, 6 as consumers, 
and 23 as general interest members. 


NEw 


The committee recommends new Ten- 
tative Definitions of Terms Relating 
to Lime! to include definitions of the 
following: run-of-kiln quicklime, quick- 
lime sizes, hydraulic hydrated lime, 
high-calcium hydraulic hydrated lime, 
and high-magnesium hydraulic hydrated 
lime. 


TENTATIVE STANDARD 


REVISION OF STANDARD, IMMEDIATE 


ADOPTION 


The committee recommends for im- 
mediate adoption revisions in the Stand- 
ard Specifications for Hydrated Lime 
for Structural Purposes (C 6 — 31) which 
changes will eliminate references to 


Mason’s hydrate and will confine these 
specifications to normal hydrated lime 
for finishing, the revised specifications 
to be issued under the title pions 
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tions for Normal Finishing Hydrated : 


999 


Lime. 


ADOPTION OF TENTATIVE 
STANDARD 


STANDARD AS 


The committee recommends that the 


Tentative Definitions of Terms Relat-— 


ing to Lime (C 51-41 T) be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard. 


ADOPTION OF TENTATIVE 
STANDARD 


REVISION AS 


On the recommendation of its Sub- 
committee V on Methods of Test for 
Lime and Lime Products, 
C-7 recommends that the 
revision*® of the Standard 


lime, and Hydrated Lime (C 25 — 


Methods of 
Chemical Analysis of Limestone, Quick- 
29), 


Committee 
tentative 


issued in 1942, to insure complete hy- 
dration of the lime, be revised as follows 
and approved for reference to the Society — 


for adoption as standard: 
Section 27 (b).- 

sentences 

namely, 


Weigh 0.5 g. of the prepared sample (Section 
2) (passing a No. 100 (149-micron) sieve) and 
brush carefully into a 350-ml. Erlenmeyer flask 
containing 10 to 20 ml. of distilled water (Note 
1), and immediately stopper the flask with a 
rubber stopper. Disperse the sample thor- 
oughly in the water by giving the flask a slight 
swirling motion and allow to stand for 5 min. 
Remove the stopper, add 15 g. of granulated 


2 These revised specifications were accepted as stand- 
ard by the Society and appear in the 1944 book of A.S.T.M. 
Standards, Part il , p. 85. 

31943 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 157. 


Change the first three 


from their present 
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sugar (sucrose), and then add 150 ml. of dis- 
tilled water at room temperature on top of the 
sugar (Note 2). 


to read as follows: 


Weigh 0.5 g. of the prepared sample (Section 
2) (passing a No. 100 (149-micron) sieve) and 
brush carefully into a 350-ml. Erlenmeyer flask 
containing about 20 ml. of distilled water (Note 
1), and immediately stopper the flask loosely 
with a rubber stopper. Disperse the sample 
thoroughly in the water by a swirling motion, 
heat to boiling, and boil for 2 min. Remove 
the stopper, add 150 ml. of distilled water at 
room temperature, and then add 15 g. of granu- 
lated sugar (sucrose) (Note 2). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 54 members, with the results shown 
in Table I. 

TABLE I.—ANALYSIS OF LETTER BALLOT. 


prepare tests on the extrusion machine, 
the autoclave, and workability and sand- 
carrying capacity of masonry mortars. 

A revised procedure for subcommittee 
work has been drafted and presented to 
the committee for action. 

Subcommittee IT on Structural Lime (H. 
R. Staley, chairman) has under con- 
sideration revised specifications for ma- 
sonry and finish limes. 

Subcommitiee ITT on Lime for Chemical 
Industries (R. W. McAllister, chairman) 
has held no meetings during the past 
year but has been actively engaged in 
considering Master Specifications for 
Quicklimes and Hydrated Limes for the 
Chemical Industry. Such master speci- 
fications are now ready for submission 
to the general committee after having 
been twice submitted to the subcom- 
mittee members. In the specifications 


aaa Afiirm-| Nega- |Marked an attempt has been made to devote one 
ative | tive IVoticg” section to describe the general require- 
en ee ments of lime for miscellaneous chemical 
| purposes and to list in a “special require- 
t t e. 6: 0 5} 
- ments” section the particular require- 
IJ. REVISION oF STANDARD, | 
IMMEDIATE ADoPrioN ments which lime should meet for special 
Spec. for Hydrated Lime for _ 
‘Strectural Purposes (C6-31).| 26) 2 35 uses. 
III. Apoprion or TENTATIVE | Subcommittee V on Methods of Test 
for Lime and Lime Products (J. F. Carle, 
Def. of Terms | to 
(C 51-417)... | 285] 0 | 34 chairman) has approved by letter ballot 
IV. ADOPTION AS STANDARD OF vote the proposed revision of the rapid 
TENTATIVE REVISION OF } ° 
SrANDARD ‘sugar method as given earlier in this 
Methods of Chemical Analysis 2 
of Limestone, Quicktime, and report. Work is being done on the 
Hydrated Lime (C 25-29)... 7 | 10 settling rate test and heat of hydration 


Committee C-7 recommends that all 
other standards and tentative standards 
under its jurisdiction be continued in 
their present status without revision. 

Several new specifications are under 
consideration. 


4 


_ ACTIVITIES OF SUBCOMMITTEES 

_ Advisory Committee (W. C. Voss, 
chairman) held a meeting during the 
Pittsburgh meeting at which time the 
program for the year was planned and a 
special working committees organized to 


test. Consideration is being given to 
data on availability of lime by different 
methods submitted by one of its members. 

Subcommittee IX on Research Problems 
(C. J. Koehler, chairman) conducted a 
questionnaire survey of its members 
regarding a suitable test for the sound- 
ness of lime, following which work was 
undertaken upon the autoclave test by 4 
special working committee. Seven labo- 
ratories cooperated and the report of this 
work has been submitted to the conr 
mittee with recommendations for future 
work. 


] 
on: 
an 
wa 
ter 
of 
4 


Five laboratories cooperated in tests 
ona small model of the extrusion machine 
and the report with its recommendations 
was circulated to the committee. 


The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, W. C. Voss. 

Vice-Chairman, J. A. Murray. 

Vice-Chairman, J. F. Carle. 

Secretary, L. K. Herndon. 


are 
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This report has been submitted to 
letter ballot of the committee which 
consists of 54 members; 28 members 
returned their ballots, of whom 25 have 
voted affirmatively, and 0 negatively. 


‘Respectfully submitted on behalf of 
the committee, 


Voss, 
Chairman. 
L. K. HERNDON, 
Secretary. 
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FOR TESTING LIME 7 


In this analysis of the autoclave test 
data submitted by seven different labora- 
tories, an attempt has been made to list 
the conditions of the particular tests, to 
summarize the results obtained, and to 
make whatever general conclusions that 
may seem to be justified from a study of 
the data as a whole. No attempt will 
be made to include all of the voluminous 
data collected, but typical data have 
been selected and are included in the 
form of graphs and tabulations. 


SUMMARY OF INVESTIGATIONS 


Laboratory No. 1 


Laboratory No. 1 submitted data from 
an extensive series of tests of both neat 
and sanded mixes of lime and cement. 
The limes used comprised three regular 
dolomitic hydrated limes and three pres- 
sure hydrated limes produced by the 
same manufacturers. The pressure hy- 
drated limes were not analyzed for 
determination of unhydrated oxide con- 
tent, although it is known from plant 
control tests that they contained less 
than 8 per cent of unhydrated oxides. 
One brand of portland cement (having 
an expansion of 0.284 per cent) was used 
in all tests. Five ratios of cement to 
lime were used, ranging from 0:1 to 1:1 
by weight. Three parts by weight of 
graded Ottawa sand were used in the 
sanded mixes. The test specimens were 
1 by 1 by 5-in. bars. These were cured 
as specified in the A.S.T.M. Standard 
Method of Test for Autoclave Expansion 
of Portland Cement (C 151 — 43).'! Six 


11944 Book of A S.T.M. Standards, Part IL. 
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autoclave conditions were used: 70 psi. 
and 100 psi. for 4 hr.; 150 psi. and 200 
psi. for 33 hr.; 250 psi. and 295 psi. for 3 
hr. Two types of cooling of the auto- 
claved specimens were used: namely, in 
water as specified in Method C 151, and 
also in a constant temperature room 
(70 F. and 50 per cent relative humidity). 


Results: 


1. Neat mixes showed progressively 
increasing expansion with increase of 
pressure (Fig. 1). Autoclaving for 3 
hr. at 295 psi. gave consistently and 
appreciably greater expansions than 
autoclaving for 4 hr. at 100 psi. Sanded 
specimens, however, tended to show less 
expansion at 250 and 295 psi. for 3 hr. 
than at 200 psi. for 33 hr. (Fig. 2). 

2. The difficulty of obtaining perfect 
specimens and complete test data in- 
creased with decreasing cement-lime 
ratios in the mixes. For example, only 
a few tests were obtained on 10:90 mixes, 
and these were obtained with pressure 
hydrated dolomitic limes and at low 
autoclave pressures. 

3. In some cases, increasing the pro- 
portions of lime to cement resulted in 
decreased expansions. 

4. general, sanded specimens 
showed less expansion than the corre- 
sponding neat specimens with pressure 
hydrated dolomitic limes, but in a few 
instances with regular dolomitic hy 
drates, the expansions of sanded speci- 
mens were greater than the expansion of 
neat specimens. 

5. The three regular dolomitic hy- 
drates gave expansions of approximately 
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the same order. Expansion values for 
the three pressure hydrates differed 
widely, as illustrated by the comparative 
values of 0.56 per cent and 4.02 per cent 


330 
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\Cooling in Air | 
*/ Specimen at + 
_ bach Pressure! 


Water 
Average of 3 Specimens 
at Each Pressure 1 


05 06 O7 1.0 
Autoclave Expansion, per cent 


Fic. 2.—Relation of Autoclave Expansion to 
Pressure for Cement-Lime-Sand Mixes— 
Laboratory No. 1. 


Lime No. 56—Pressure hydrated dolomitic lime, 1 part 
of 20:80 cement-lime mixture to 3 parts of graded Ottawa 
sand 5-in. gage length. 


Laboratory No. 2 
The greater portion of the data sub- 
mitted by Laboratory No. 2 covered the 
control tests on daily production of pres- 


TABLE I.—RELATION OF AUTOCLAVE EXPAN. 
SION TO PERCENTAGE OF UNHYDRATED 
OXIDES—LABORATORY NO. 2, 


Unhydrated | Autoclave 
Oxides, | Expansion, 
per cent | per cent 


Autoclave 
Expansion, 
per cent 


Unhydrated 
Oui 


nw & oo + 


Autoclave Expansion, per cent 


oO 


2345 67 8 9 0 ji 12 13 14 


Unhydrated Oxides, percent 


Fic. 3.—Relation of Autoclave Expansion to Percentage of Unhydrated Oxides—Laboratory No. 2 
Plant laboratory tests on pressure hydrated dolomitic lime, made over 6-month period, wing procedure prescribed 


in A.S.T.M. Method C 151 - 43. 


for corresponding mixes from two of the 
limes. 

6. A large proportion of the auto- 
claved specimens disintegrated when 
cooled in water. This difficulty was 
largely obviated by cooling the specimens 
in air. 


Mix proportions equal 1 part of cement to1 part of hydrated | ime. 


sure hydrate over a period of months. 
Some tests also were made on regular 
dolomitic hydrate and on competitive 
pressure hydrates. 

Both neat and sanded 1:1 cement-lime 
mixes were autoclaved. ‘Test specimens 
were 1 by 1 by 10-in. bars and the pro 
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cedure prescribed in A.S.T.M. Method 
C 151 was followed in autoclaving. 

In other tests, specimens of sanded 
mixtures were autoclaved after curing in 
a damp closet for periods up to 6 months. 
Results: 


1. The expansion figures for samples 
of daily production varied over a wide 
range and showed no rational relation to 
the unhydrated oxide content of the 


TABLE II.—CHEMICAL AN USED 
—LABORATORY NO 


High 
Do- Calcium 
lomitic Masons’ 


Regular Hy- 


\drate + 
Acid insoluble matter, 


lomitic 
Over- 
Finish burned 
Ma- 
terial 


MgO, per cent. 

cent. 

CO:, per cent 

Moisture at 105 Cw 

Loss on ignition, ‘per 
cent.. 


RECONSTRUCTION OF THE ABOVE CHEMICAL ANALYSES AS 
CALCULATED COMPOUNDS 


(Federal Specification SS-L-351a) 


Moisture at 105 C., per 
cent . 
Aci dinsoluble matter, 


per cent. ...... 
CaCOs, per cent. 
CaSOu, per cent 
Cal oni per cent. 
Mg(OH)s, per cent. . 
MgO, per cent 
Excess CaO, percent 


lime (Table I, Fig. 3). This indicates 
that some property other than un- 
hydrated oxide content is predominant 
in determining expansion characteristics. 
These data are also indicative of the 
wide variation that is possible with many 
different samples. Most of the other 
data presented are representative of 
more ideal conditions regulated for the 
control of variables. 

2. Comparative tests with pressure 
hydrate showed that 1:1:6, by weight, 


sanded mixes gave approximately one 
eighth as much expansion as the corre- 
sponding 1:1 neat mixes. 

3. In the case of the sanded bars cured 
for different periods before autoclaving, 
those made from regular dolomitic 
hydrate showed very little change in 
autoclave expansion over the 6-month 
period. On the other hand, bars made 
from pressure hydrate which gave very 
appreciable autoclave expansion after 1 
day curing gave very small autoclave 
expansions after 6 months curing. Most 


TABLE III.—EFFECT OF TIME AND PRESSURE ON 
PERCENTAGE OF AUTOCLAVE EXPANSION— 
LABORATORY NO. 3. 


Type I portland cement used, 1 part of lime to 3 parts of 
cement by weight. 


Autoclave Expansion, 


per cent Con- 


sistency 


Lime Used 295 100 psi.,/100 
3 hr. 3 hr. 


(aver- 
age) 


(aver- 
age) 


Dolomitic masons’ 
pressure hydrate. . 
Regular olomitic 
finish 

Dolomitic masons’ 
pressure hydrate 
containing 12.5 per 
cent overburned 
material 

High calcium masons’ 
hydrate containing 
overburned mate- 
rial 0.063 

Portland 

0.051 


0.972 
0.690 


0.074 
0.666 


0.032 
—0.002 


@ Water in mix expressed as a percentage by weight of 
the dry cement-lime mixture. 


of this decrease was evident after 3 days 
curing. 

4. No comments were made relative 
to any difficulties that might have been 
experienced with the autoclave test. 


Laboratory No. 3 


Laboratory No. 3 reported results of a 
limited number of tests comparing ex- 
pansions of regular dolomitic and pres- 
sure hydrates and high-calcium hydrates 
(Tabie IT). 

All tests were made on neat mixes 
with ratios of cement to lime of 1:1 and 
3:1. Test specimens were 1 by 1 by 
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10-in. bars. Effects of autoclaving ‘for 
3. hr. at 295 psi. and for 4 hr. at 100 psi. 
were compared (Table III). Effects of 


TABLE IV.—EF 


FECT OF CONSISTENCY ON PER- 
CENTAGE OF AUT 


OCLAVE EXPANSION—LABORA- 
TORY NO. 3. 
Type I portland cement used, 1 part of lime to 3 parts of 
cement by weight. 
Specimens autoclaved 3 hr. at 295 psi. 


Consistency 
— Ex- 
Water in | Water in | Pansion, 
Mix, ml. | Mix, per | P¢ 
per 500 cent? | 


Lime and Cement Used 


type I 135 
Dolomitic masons’ pres- 
sure hydrate 155 


Portland cement, | 
27 0.051 
| 
| 31 0.072 

| (normal) 

Dolomitic masons’ pres- 

sure hydrate... 160 


32 0.070 
sure hydrate 150 
Regular dolomitic finish 170 34 
(normal) 
Regular dolomitic finish 175 35 
Regular dolomitic finish 165 33 


0.068 
0.690 


Dolomitic masons’ pres- 


0.736 
0.675 


“ Milliliters of water per 500 g. of dry cement-lime 
mixture. 

© Water in mix expressed as a percentage by weight of 
the dry cement-lime mixture. 


0.40 


mix was discarded and all tests thereafter 
were made with mixes made of 25 per 
cent lime and 75 per cent cement. 

2. Variations of consistency over a 
range of 2 per cent difference in water 
content did not appreciably affect the 
expansions. 

3. Autoclaving for 4 hr. at 100 psi, 
produced approximately the same ex- 
pansion as 3 hr. at 295 psi. 

4. Changing the physical characteris- 
tics of a pressure hydrate by processing 
without changing appreciably the un- 
hydrated oxide content, markedly 
changes the autoclave expansion (Fig. 4). 

5. Autoclaving at 295 psi. in accord- 
ance with A.S.T.M. Method C 151 was 
adopted as a satisfactory control test for 
pressure hydrated lime. 7 


Laboratory No. 4 


Laboratory No. 4 reported a large 
volume of data obtained largely in an 


w 
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Autoclave Expansion, per cent 


Pressure Hydrated 
Dolomitic Lime 


Pressure Hydrated} 
Dolomitic Lime 


| 
| 


No. 2 


Pressure Hydrated 


Dolomitic Lime No.3 


0 | 
0 0.40 0.80 


1.20 


160 2.00 240 280 


Unhydrated Oxide Content of Cement- Lime Mix, per cent 


Fic. 4. 


Autoclave Expansion of Neat Mixtures of Cement and Pressure Hydrated Limes of 


Different Physical Characteristics—Laboratory No. 3. 


small variations in consistency also were 
determined (Table IV). 


Results: 


1. Owing to the high percentage of 
failures of specimens from 1:1 mixes this 


Specimens autoclaved for 3 hr. at 295 psi. 


effort to determine the relation between 
autoclave tests or unhydrated oxide 
content and the functioning of white 
coats made from limes. Most of the 
autoclave tests, therefore, were made on 
a mix of four parts by weight of hydrated 
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lime and one part of gaging plaster, the 
limes having been soaked for 24 hr. 
before use. 

The test specimens were 3 by 3 by 8-in. 
bars which, after curing for 1 hr. at room 
temperature, were removed from the 
mold, dried in air for 16 to 20 hr., and 
then further dried for 24 hr. at 110 F. 
They were then autoclaved for 1 hr. at 
a steam pressure of 120 psi. 

Parallel tests were made in which the 
sume finish coats were applied to small 
restrained panels of brown coat 4 by 
4-in. and 8 by 8-in. in dimensions and 
the panels cured and autoclaved in the 
same manner as the bars. The con- 
figuration of the brown coats were as 
conducive to blistering as it was possible 
to make them, consistent with practi- 
cability. 

A smaller number of tests were also 
made on 1 by 1 by 10-in. bars of neat 
cement-lime mixes (1:1). Some of these 
bars were cured for 21 hr. in an atmos- 


phere of saturated water vapor at 100 F., 
then air dried for 36 hr. and autoclaved 


for 1 hr. at 120 psi. The hydrated limes 
were soaked for 18 hr. before use. The 
dry hydrated limes contained varying 
amounts of unhydrated oxides, the de- 
sired unhydrated oxide content being 
obtained by mixing autoclaved hydrates 
and normal dolomitic hydrates of known 
analyses. Both normal and soft con- 
sistencies were tried. 


Results: 


1. As a result of the test with finish 
coats the investigators conclude that ‘In 
view of the severity of the autoclave test, 
which is generally recognized as being 
a greatly aggravated condition over that 
encountered in service, it seems that the 
uutoclave test can be used to establish 
i safe limit of linear expansion for 
Tests 


which dolomitic finishing lime plasters 
were applied, the configuration of the 
brown coats being as conducive to blis- 
tering as it was possible to make them 
consistent with practicability, showed 
that blistering was not obtained in the 
usual autoclave test when the linear 
expansion of a corresponding bar of finish 
coat was less than 3.3 per cent or the 
unhydrated oxide content of the dolo- 
mitic lime used was less than 16.6 per 
cent. 

“A dolomitic lime which, when made 
into a bar of finish coat, has a linear ex- 
pansion of 3.0 per cent in the autoclave 
test (tested as described above) should 
give satisfactory service judging by the 
results obtained in this investigation. 
Similarly, a dolomitic finishing lime 
with an unhydrated oxide content of less 
than 16.0 per cent should be satisfactory. 

“In general, there was no difference in 
the tendency to blister in 4 by 4-in. or 8 
by 8-in. panels, provided blistering oc- 
curred in the smaller panels with rela- 
tively small percentages of normal hy- 
drate, but blistering was more prone to 
occur in the large panels when it hap- 
pened in 4 by 4-in. panels only with 
normal hydrate alone or with mixtures 
containing large percentages of normal 
hydrate. 

‘The results, in general, indicated that 
the tendency of finish coat to blister was 
not in direct proportion to the amount 
of unhydrated oxide content.” 

2. The results of tests of cement-lime 
mixes “in general, indicated that bars — 
containing lime with less than 8 per cent 
of unhydrated oxide expanded only about 
0.2 per cent in the autoclave test; the 
expansion increased markedly, however, 
when the unhydrated oxide content of 
the lime was greater than 8 per cent. 

3. “The effect of initial consistency of 


dolomitic finishing lime plaster. 


the batch (cement-lime, neat) was slight A 
on restrained panels of brown coat to 


when the limes had less than 15 per cent 
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of unhydrated oxides; bars made from 
stiff mixes had higher expansions than 
those made from soft ones when the 
unhydrated oxide content was above 15 
per cent. 

4. “The expansion of the bars (ce- 
ment-lime) in the autoclave was not a 
linear function of the unhydrated oxide 
content. A marked increase in the rate 
of expansion was observed when there 
was 12 per cent of unhydrated oxides 


12 


periods, and hence contained different 
percentages of unhydrated magnesia 
(Fig. 5). 

Dolomitic quicklime putty and high- 
calcium hydrated limes were used in 
other tests. 

Tests are also reported on bars that 
had been subjected to different degrees 
of carbonation before autoclaving (Ta- 
ble V, Fig. 6). 

Test specimens were 1 by 1 by 4-in. 


- 
ro) 


@ 


o 


Autoclave Expansion, per cent 


2 3 


Fic. 5.—Autoclave Expansion for Specimens Made from Steam-Treated Hydrate— _ 


4 5 6 7 8 
Treatment of Hydrate with Steam, hr. 


Laboratory No. 5. 
Regular dolomitic hydrate treated with steam at 25 psi. before use in test specimens. Specimens autoclaved for 8 


hr. at 25 psi. 


present. Above 12 per cent, expansion 
was a linear function.” 

Very considerable differences in degree 
of linear expansions were obtained in 
some cases in tests with different limes 
having the same unhydrated oxide con- 
tent (above 8 per cent). 


Laboratory No. 5 


_ Laboratory No. 5 submitted autoclave 
expansion data on both neat and sanded 
mixes of cement and lime (1:1). In one 
series the limes used were obtained by 
autoclaving a regular dolomitic hydrate 
at 25 psi. steam pressure for different 


bars. These were autoclaved for 8 hr. 
at 25 psi., and after removal from the 
autoclave were (apparently) cooled in 
air to room temperature. 


Results: 


1. The expansions obtained by auto- 
claving for 8 hr. at 25 psi. are, in general, 
appreciably less than the values reported 
by other investigators who autoclaved 
limes of comparable unhydrated oxide 
content at 295 psi. for 3 hr. 

2. Sanded mixes in all cases showed 
much less expansion than the correspond- 
ing neat mixes. 
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USE OF THE AUTOCLAVE FOR TrstING 


3. Specimens which had been car- 
bonated showed much less expansion 
than those which had not been carbon- 
ated before autoclaving. 


TABLE V.—EFFECT OF DEGREE OF CARBONATION ON AUTOCLAVE EXPANSION—LABORATORY NO. 5S. » 
1 part of regular dolomite hydrate to 3 parts of sand by weight. 


hydrates, two pressure hydrated dolomi- 
tic limes, one hydrate made from a 
specially burned dolomitic lime, and two 
high-calcium hydrates. Mixtures of 


Time of Ex- Carbonation Data | Autoclave Data (after 8 hr. at 25 psi.) 7 
posure of 
Specimens to 
boratory Specimen Number te Original | Change in | Change in | Change in 
Air Before Carbo- Weicht g Weight, Length, Weight, Remarks : 
Carbonation nated ent, per cent per cent per cent { 
24 hr. 0 130.8 Decomposed 
10 128.7 +1.9 +2.4 
20 128.9 1.0 4.1 Crumbly 
30 128.7 0.5 4.3 
60 130.1 0.9 1.1 —1.7 
100 132.3 2.5 1.0 —5.1  |{No cracks 
10 116.8 2.3 }Decomposed 
20 117.7 3.7 1.6 +5.1 _Large cracks 
30 118.3 4.4 0.0 +1.1 
1 60 119.4 6.1 0.0 —1,1 No cracks 
90 116.2 11.3 0.0 3.0 
22 
14 days 0 118.5 Decomposed 
20 116.6 2.7 1.6 _Large cracks 
Se 30 119.3 3.6 0.0 —3.2 
_ See 50 120.4 3.9 0.0 —3.2 No cracks 
70 117.7 5.9 0.0 —4.9 
6 limes were also tested in order to obtain 
| --hegular Dolomitie Hydrate, 
5 a range of unhydrated oxide content 


Cement :ILime, by weight 
| 


>= * Regular Dolomitic 

(Cement :/Lime:3 Standard 
Sand, by weight - 
_--Regular Dolomitic Hydrate, 

Cement ‘/Lime:6 Sand, by weight —— 


-200 Mesh Requler Dolomitic 
trate; ICement :ILime 6 — 
and, by 


> 


Ro 


Autoclave Expansion, per cent 


+ 


Pulverized Dolomiti Quicklime Putty 
(Putty Aged 4hr.), ‘/Lime, weight 


Time of Carbonation, hr. 


Fic. 6.—Relation of Autoclave Expansion to 
Degree of Carbonation Before Auto- 
claving—Laboratory No. 5. 
Specimens autoclaved for 8 hr. at 25 psi. 


Laboratory No. 6 


Laboratory No. 6 reported data from 
autoclave expansion tests of seven limes. 
These comprised two regular dolomitic 


(see Fig. 7). 

Tests were largely limited to one ce- > 
ment but a limited number of tests were 
made on mixtures using seven other 
brands of cement. 

All test specimens were 1 by 1 by 10-— 
in. bars made from neat mixes. Most of 
the tests were with 1:1 mixes, although 
some were made with 2:1 and 3:1 


cement-lime mixes. Only a few sanded 
mixes were tested. 

One set of specimens was autoclaved 
at 295 psi. for 3 hr. with all conditions of 
curing and test the same as prescribed ; 


in A.S.T.M. Method C 151. A duplicate 
set was autoclaved at 120 psi. for 3 hr. 
all other conditions being the same. 


Results: 
1. Different limes having the on 


(relatively high) unhydrated oxide con- 
tent gave widely different expansions. 
Different mixes obtained by diluting a 
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given lime with other limes so that the 
mixes compared had the same unhy- 
drated oxide content also gave widely 
different expansions. 

2. Appreciable differences in consis- 
tency of the mixes made inappreciable 
differences in the expansions. 

The cement-lime mixes made from one 
of the pressure hydrated limes required 
so much water to give normal consistency 
that the shrinkage during curing caused 


12 


sions. One of the other two (expansion 
(0.38 per cent) in a mix with a lime having 
a relatively high unhydrated oxide con- 
tent gave exceptionally high expansions, 
while the other cement (expansion 0.9 
per cent) gave exceptionally low expan- 
sions. Three of the cements (expan- 
sions of 0.06, 0.13, and 0.16 per cent, 
respectively) produced mixtures with 
one of the pressure hydrated limes (5 per 
cent unhydrated oxides) which gave 


Mix A -Lime No. 2 
and $, 120 psi.~_ 


Autoclave Expansion, per cent 


6| A-Lime No.2 
and 3, 295 
\ 


Mixtures of Limes 


Unhydrated Oxides in Mixture of Limes, per cent 


‘1G. 7.—Relation of Autoclave Expansion to Percentage of Unhydrated Oxides in Several 
Laboratory No. 6. ; 


Lime No. 2—High-calcium hydrate, 2.2 per cent unhydrated oxides. t 
Lime No. 3—Regular dolomitic hydrate, 27.4 per cent unhydrated oxides. 


Lime No. 4—Pressure hydrated dolomitic lime, 5.0 per cent unhydrated oxides. 
Lime No. 8—Special dolomitic hydrate, 36.6 per cent unhydrated oxides. 


3 hr. at pressures of 295 and 120 psi. 


cracking of a large percentage of the 
specimens. The procedure for deter- 
mination of consistency specified in 
A.S.T.M. Method C 151 is not entirely 
satisfactory for mixes of high lime con- 
tent. 

3. Duplicate tests by two different 
operators yielded expansion figures that 
checked very closely. 

4. Six of the eight cements (range of 
autoclave expansion 0,06 to 0.17 per cent 
gave mixes with the same lime which 
showed approximately the same expan- 


Mix proportions equal 1 pert of cement to 1 part of lime by weight. Specimens cured for 24 hr. before autoclaving for 


expansion values that checked very 
closely. 

The indications are that variations 
among cements which show autoclave 
expansions not over 0.2 per cent will not 
cause appreciable variations in the ex- 
pansion values of 1:1 lime-cement mixes 
of relatively low expansions. a 


Laboratory No. 7 


Laboratory No. 7 reported autoclave 
expansion figures on sanded mixes made 
from three different limes having 10, 18, 


re’ 
th 


| 
an 
by 
on 
4 tw 
‘ cr 
mi 
sp 
au 
du 
in 
NY, | do 
= | 4,0 I. R, 

° f “ d by 

0 2 4 6 io 2 4 £6 
7 tw 
da 
ta 
of 
tw 
pa 
th 


ion 
ing 
on- 
ns, 
0.9 
an- 
an- 
ent, 
vith 
per 
ave 


ving for 


very 


ations 
clave 
ill not 
eX- 
mixes 


a On OF THE AUTOCLAVE FOR TESTING LIME 


and 28 per cent of unhydrated oxides, 
respectively. The cement-lime ratios in 
these mortars ranged from 95:5 to 50:50 
by weight. All mortars were made with 
one part of cementitious material and 
two and one-half parts of standard Ot- 
tawa sand (passing a No. 20 (840-mi- 
cron) and retained on a No. 30 590- 
micron sieve) by weight. The test 
specimens (1 by 1 by 10-in. bars) were 
autoclaved at 150 psi. for 2 hr. A 
duplicate set of specimens was stored 
in a moist room at 21 C. for 6 yr, and 
the expansion measured. A third set 
of similar specimens was stored out of 
doors for the same length of time. 


Results: 


The results and conclusions are stated 
by this laboratory as follows: 

1. “Good correlation was obtained 
between autoclave expansion and ex- 
pansion of the specimens stored 6 yr. in 
a moist condition, as can be seen by the 
following tabulation: 


Autoclave Expansion, Expansion at 21 C., 


per cent per cent 
0.004 
0.02 
003 
0.06 
0.08 
0.2 
0.3 to 0.5 


2. “Correlation was likewise good be- 
tween free magnesia and expansion in 
damp storage. 

3. “Specimens stored outdoors ex- 
panded more slowly and have now at- 
tained about two thirds of the expansion 
of the moist cured specimens.” 


CONCLUSIONS 

None of the data submitted by any 
two of the laboratories are strictly com- 
parable, owing either to differences in 
the limes used or to differences in the 


conditions of test, and this appears to be 
the case with practically all of the auto- 


=~ 


GENERAL 


clave work on limes that has ever been 
done previously. For this reason, it is 
impossible to draw definite conclusions 
as to the applicability of the autoclave 
test for determining the volume change 
characteristics of limes or to define a 
particular set of conditions of test. 
From the data at hand there appears 
to be insufficient data showing correla- 
tion between autoclave expansion of a 
lime and its serviceability with respect to 
volume change of its mortars to justify 
the establishment of a maximum value 
for autoclave expansion by any test 
which might be selected. Only one of 
the reporting laboratories suggested such — 
a limit. However, the following — 
nent conclusions appear to be justified: 7 
1. The autoclave expansion of speci- 
mens made from mixtures of lime and 
cement, or from lime and gaging plaster, 


is not a function of the unhydrated oxide 
content of the lime alone. Exact in-— 
formation is not available with respect to — 
the effects of autoclaving on the chemical — 
and physical characteristics of the com- 
bination of materials in question, and 
until this information is at hand the use 
of the autoclave will have to remain in 
the category of an arbitrary test that 
may be used for the want of a better one. 
2. Theoretically, the use of the auto- 
clave is justified in that it makes possible 
the measurement of the maximum poten- 
tial expansion of the material under the 
conditions of the test. It also makes 
possible a comparison between different 
limes when exposed to these test condi- 
tions. Just as insufficient information 
is available to fix a value for maximum 
expansion, more information is needed as 
‘to what pressure should be used in the 
test. There is some justification in the 
use of the high pressure (295 psi.), except 
for the additional cost of the equipment, 
as this will result in the maximum ulti- 
mate expansion possible, and the equip- 
ment has been standardized for use at 
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this pressure. The fact that 295 psi. is 
considered a suitable pressure for auto- 
claving cement does not, however, prove 
that such a pressure would be suitable 
for use with lime. 

3. The use of sanded mixes appears to 
offer no advantage over neat mixes. 
Since sanded mixes might be subject to 
possible pozzuolanic effects and to greater 
variations in uniformity of mix, it would 
seem that the testing of neat mixtures 
should be more satisfactory. A mixture 
of one part of lime and one part of 
cement by weight appears to be preferred 
by a majority of the reporting labora- 

tories. 


RECOMMENDATIONS 


A review of the test data submitted 
indicates that it would be desirable to 
have additional information before any 
autoclave test for limes is adopted. It 
is therefore recommended: 

1. That comparative tests be made by 
several different laboratories using a 
specified method of test on the same 
limes. For these tests duplicate samples 
of at least four pressure hydrated limes 
and one cement should be submitted. 
These limes should be of known un- 
hydrated oxide content, and it would 
probably be preferable that an additional 
regular dolomitic hydrate be used as an 
admixture to increase the oxide content 
to study the effect of increasing un- 
hydrated oxides with each lime. 

Complete and detailed description of 
procedure should be given covering the 
mixture to be used and the methods to 
be followed in preparation, curing, and 
testing of the specimens. It is suggested 
that a 1:1 neat mix of cement and lime 
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be used and that the procedure be the 
same as specified in the A.S.T.M. 
Standard Method of Test for Autoclave 
Expansion of Portland Cement (C 151 - 
43),) with the exception that the time of 
mixing of the ccm2nt-lime paste should 
be specified as 3 min. instead of 1} min. 
There should be included the additional 
requirement that the dry cement-lime 
mix shall be trowelled thoroughly before 
mixing with water in order to insure 
uniformity. Some limes are difficult to 
mix with cement. 

Tests should be outlined to include 
at least three pressures for comparison. 

These tests should indicate the degree 
of reproducibility of results as among 
different laboratories. 

2. That efforts be made to get tests 
started which would be designed to ob- 
tain data from which it would be possible 
to determine what the correlation may be 
between the autoclave expansion of a 
lime and the serviceability of mortars 
made from the lime. Such data should 
make possible the establishment of a 
maximum limit for expansion by the 
autoclave test. 

3. Inasmuch as Laboratory No. 2 
found that appreciably different effects 
on the two different types of lime were 
produced by three days curing of the 
specimens before autoclaving, it might 
be well to obtain further data on auto- 
clave expansions after curing specimens 
under various conditions. 


Respectfully submitted on behalf of 
the special subcommittee, 


H. R. STaLey, Chairman. 
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Because of the war situation, Com- 
mittee C-8 on Refractories held but one 
meeting during the year, at the Battelle 
Memorial Institute, Columbus, Ohio, on 
September 30, 1943. The committee, 
however, was active and various actions 
on standards were taken. 

At the September meeting the com- 
mittee reaffirmed its permanent policy 
that specifications shall be written for 
the selection of refractory materials for 
use in specific industries or applications 
rather than as applying to refractory 
products per se. 

No new members were elected during 
the year, and there were no resignations. 


I. NEw TENTATIVE STANDARD 


The American Standards Association 
in June, 1943, approved a set of symbols 
pertaining to heat flow which appear in 
the American Standard Letter Symbols 
for Heat and Thermodynamics Including 
Heat Flow (Z10.4-1943). It is hoped 
that these symbols will become an inter- 
national standard. Many of the sym- 
bols which Committee C-8 has adopted 
in the A.S.T.M. Standard Symbols for 
Heat Transmission (C 108-41)! are 
identical with those of the American 
Standard Z10.4, but in order to have all 
of them precisely the same and to 
include others which were not included 
in the past, the committee recommends 
that the present Standard Symbols C 108 
be withdrawn and replaced by new 
Tentative Symbols for Heat Transmis- 


1 1942 Book of A.S.T.M. Standards, Part II, p. 288. 
Societe symbols were accepted as tentative by the 


and appear in the 1944 Book of A.S.T.M. Stand- 
ards, Part I, p. 1312. 
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sion,? which are identical with the letter ; 
symbols for heat flow in the American 
Standard Z10.4. 


II. REVISION OF TENTATIVE STANDARD _ 


Tentative Specifications for Air-Selling 
Refractory Mortars (Wet Type) for Boiler 
and Incinerator Services (C 178 - 43 T)3 
—Although the Tentative Specifications © 
for Fireclay Plastic Refractories for 
Boiler and Incinerator Services (C 176 - 
42 T) provide that, unless otherwise 
specified, high heat duty plastic refrac- 


tories sha]l be supplied, 


C 178 do not include a similar clause. 
The committee, therefore, recommends 
that Specifications C 178 be revised by 
the addition cf the following sentence to 
Section 1 on Scope: “Unless otherwise 


specified, high heat duty mortar shall be 
supplied.” 


III. TENTATIVE REVISIONS OF 
STANDARDS 


Standard Method of Test for Pyro- 
metric Cone Equivalent (P.C.E.) of Re-— 
fractory Materials (C 24 - 42).—In- 
replies received from a questionnaire ; 
circulated to laboratories which regularly — 
make P.C.E. tests, the opinion was near- 
ly unanimous that a standard test cone { 
mold should be described in this method. 
A drawing was prepared for the excess- 
length type of split mold, and Com-. 
mittee C-8 recommends that this draw-- 
ing as shown in the accompanying Fig. 1_ 


21943 Supplement to Book of A.S.T.M. Standards 
Part II, p. 85. 
41942 Book of A.S.T.M. Standards, Part II. 
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be published as a tentative revision 
of Standard Method C 24. 


49 Note :-Make of 
preferably 
jardened, and grind 
Important surfaces 


Note :~/ndex marks show the length 
of the short side of the cone 


Mold Assembly 


Fic. 1.—Split Mold for A.S.T.M. Pyrometric 
Test Cone. 


Standard Specifications for Ground 
Fire Clay as a Mortar for Laying-Up 
Fireclay Brick (C 105 41).4—These 
specifications do not carry a provision 
for resampling and retesting when re- 
quested either by the purchaser or 
the manufacturer. Such provisions are 
made in other specifications. The com- 
mittee therefore recommends the follow- 
ing for publication as tentative revision 
of Specifications C 105: 

Retests.—-Add the following as a new 
Section 7, renumbering the present 
Section 7 as Section 8: 

7. Retests—Because of variables resulting 
from sampling and the lack of perfect repro- 


ducibility in tests conducted by different labora- 
tories, resampling and retesting may be carried 
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out when requested by either the purchaser or 
the manufacturer. This may apply in instan- 
ces where the first test result does not conform 
to the limits prescribed in these specifications. 
The final result to be used for each test shall be 
the average of the original and the retest figures, 


TENTATIVE STANDARD ADOPTED AS 
STANDARD 


The committee recommends that the 
Tentative Specifications for Fireclay 
Plastic Refractories for Boiler and In- 
cinerator Services (C 176-42 T)* be 
approved for reference to letter ballot of 
the Society for adoption as standard. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
37 members, with the results shown in 
Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


| 
irm-| Nega- | Marked 
Items ative | tive | “Not 

} |Voting” 


I. New TENTATIVE STANDARD | 


Symbols for Heat Transmis- 


sion... 24 0 2 


Il. Revision or TENTATIVE 
STANDARD 
Spec. for Air-Setting Refractory 
Mortars (Wet Type) for Boiler 
and Incinerator Services 
(C 178-43T)..... 
TENTATIVE REVISIONS OF 
STANDARDS 
Test for Pyrometric Cone 
Equivalent (P.C.E.) of Re- 
fractory Materials (C 24 — 42).. 
Spec. for Ground Fire Clay as a 
Mortar for Laying-Up Fireclay 
Brick (C 105 — 41) 


IV. ApopTion or TENTATIVE 
STANDARD AS STANDARD 
Spec. for Fireclay Plastic Re- 
fractories for Boiler and In- | 
cinerator Services (C 176- 

42 T) 


24 0 2 


25 0 1 


24 2 


3M 0 3 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Industrial Survey 


Hewitt, chairman) has surveys 


still in progress on the refractories used 
for water-gas generators, and in the oil 


industry, but because of the 


difficulties have been experienced in 
getting them completed. ‘The following 
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new survey projects have been initiated: 
(1) W. S. Debenham, of Carnegie- 
Illinois Steel Corp., is undertaking the 
revision of the survey on open-hearth 
refractories; (2) W. C. Rueckel, of Kop- 
pers Co., will revise the survey of by- 
product coke ovens in order to incor- 
porate present-day practice; (3) G. L. 
Oldright, U. S. Bureau of Mines, Rolla, 
Mo., is rewriting the present lead survey. 
A survey relating to steel-mill pouring- 
pit refractories is planned. 

Subcommittee IT on Research (S. M. 
Phelps, chairman) was inactive during 
the past year, as no projects had been 
suggested by the committee. 

Subcommittee IIIT on Tests (¥. A. 
Harvey, chairman) is composed of the 
chairmen of the several sections de- 
scribed below. The activities of the 
subcommittee are discussed under the 
individual sections. The chairman of 
each section is reviewing the test meth- 
ods which come under his jurisdiction 
in order to ascertain whether the neces- 
sary apparatus and equipment have been 
described adequately and in sufficient 
detail in the test methods in the Manual 
of A.S.T.M. Standards on Refractory 
Materials. 

Section B on Spalling (R. E. Birch, 
chairman) is considering how it can 
make use of the subject matter in the 
Recommended Practice for the Panel 
Spalling Test as issued by the Refrac- 
tories Fellowship, Mellon Institute. 
This literature was prepared to supple- 
ment the information given in the 
AS.T.M. Methods of Panel Test for 
Resistance to Thermal and Structural 
Spalling of Refractory Brick (C 38 — 42), 
of High Heat Duty Fireclay Brick 
C107 — 42), and of Super Duty Fireclay 
Brick (C122 — 42), and as a guide not 
only to construction but also in the 
operation of the panel spalling equip- 


ment. It has been distributed to all 
those who have built the spalling 
quipment. Much of the subject matter 
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might well be incorporated in the présent 

test methods or issued as a suggested 
practice. The Section on Spalling’ was 
requested to take this suggestion under 
consideration to learn of portions which 
might be used and the form in which it 
might be presented in the literature of 
Committee C-8. 

Section C on Temperature (R. B. 
Sosman, chairman) circulated a question- 
naire concerning pyrometric cones and 
test cone molds to laboratories which 
regularly make P.C.E. tests. The pur- 
pose of this questionnaire was to find 
out whether current practice is in 
agreement with the Standard Method 
of Test for Pyrometric Cone Equivalent 
(P.C.E.) of Refractory Materials (C 24 - 
42) in regard to the position of the cone 
at the end point, and to obtain sugges- 
tions for a suitable mold. The section 
recommended the proposed tentative 
revision in Standard Method C 24 
previously discussed. 

Future work planned by the section 
includes having cone 325 standardized 
by the National Bureau of Standards. 

Work is being done in various labora- 
tories on the effect of atmosphere and 
means of controlling the air-fuel ratio 
in P.C.E. furnaces. The Section on 
Temperature hopes to present addi- 
tional data at a later time on the vom- 
parison of electric versus gas-air heated 
furnaces. 

Section E on Analysis (L. J. Trostel, 
chairman) is making editorial changes in 
the Standard Methods of Chemical 
Analysis of Refractory Materials (C 18 — 
41) so that all references to standard 
potassium permanganate solution will 
be worded in the same manner. 

Section F on Tests on Refractory 
Insulation (W. R. Kerr, chairman) has 
under consideration a suggestion to 
recommend to the Subcommittee on 
Classifications to include in the Tentative 
Classification -of Insulating Back-Up 
Block and Insulating Fire Brick (C 155 
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41 T) brick which will withstand tem- 
peratures higher than the maximum 
limit of the present classification, that is, 
group 28. There are on the market a 
few brands bearing the number 30, 
which implies that such brick are good 
for service at temperatures in the neigh- 
borhood of 3000 F. At the September 
meeting it was the consensus that there 
were no data available on the behavior 
of those few brands on the market 
bearing identification numbers above 28, 
and that no attempt should be made to 
extend the classification above the 
present limits until there are on the 
market products which comply with the 
permanent linear change and bulk den- 
sity requirements of higher temperature 
classes. This section and Subcommittee 
IX on Classifications will report further 
on this matter at the next meeting of 
Committee C-8. 

The section has under consideration 
making the wording of the test pro- 
cedures uniform in the Standard Meth- 
ods of Testing Insulating Fire Brick 
(C 93 — 42), Tests for Permanent Linear 
Change After Reheating of Refractory 
Brick (C 113 — 36), and Cold Crushing 
Strength and Modulus of Rupture of 
Refractory Brick and Shapes (C 133 — 39) 
where the same procedure is being 
described. 

Section G on Porosity and Permanent 
Volume Change (C. E. Fulton, chairman) 
recommended editorial changes in the 
Standard Method of Test for True 
Specific Gravity of Burned Refractory 
Materials (C 135 — 40). Since the 
method is applicable to materials which 
are not necessarily burned, the section 
proposed to eliminate the word “Burned” 
from the title. The section also proposed 
major modifications in Section 3. These 
suggested changes are now under con- 
sideration by the Subcommittee on 
Tests, and probably will be presented to 
the committee for action at the next 
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Committee C-8 approved a recom- 
mendation of the section that a note 
be inserted editorially under Section 12 
(6) of the Standard Methods of Test for 
Apparent Porosity, Water Absorption, 
Apparent Specific Gravity, and Eulk 
Density of Burned Refractory Products 
(C 20 — 41) to give the conversion factor 
of grams per cubic centimeter to pounds 
per cubic foot. The note will read as 
follows: 


Note.—The values for bulk density deter- 
mined according to Section 12 will be expressed in 
metric units, for example, grams per cubic centi- 
meter. The bulk density, however, determined 
by the direct measurement method will be ex- 
pressed in English units. The conversion from 
metric to English units may be calculated as 
follows: 

Bulk density in g. per cu. cm. X 62.43 = 
Bulk density in Ib. per cu. ft. 


Subcommittee IV on Heat Transfer (R. 
H. Heilman, chairman) has continued, 
through its member, C. L. Norton, the 
investigations on the apparatus for 
measuring thermal] conductivity of insu- 
lating fire brick. Norton has modified 
the original equipment, but these devel- 
opments have not advanced to the 
point and have not been tested suff- 
ciently to justify a revision of the 
Tentative Method of Test for Thermal 
Conductivity of Insulating Fire Brick 
(C 182 - 43 T) at this time. 

Method C 182 describes only the 
essential features of the apparatus and 
the methods of carrying out the test. 
In this respect it follows the general 
scheme adopted for the panel spalling 
test, and, as in the case of the latter, a 
suggested practice manual is neeced. 
Such a manual is under preparation and 
should be ready for presentation at the 
next meeting of Committee C-8. 

Subcommittee V on Precision and 
Tolerance (R. A. Heindl, chairman) was 
inactive during the year. 

Subcommittee VI on Nomenclature (M. 
E. Holmes, chairman) is attempting 1 


f 

} 

T 

k 

4. 

ac 

1] 

| th 

sp 

of 

spr 

Co 

on 

col 

use 

bric 

par 

Stuc 

Tro 

the 

Ref 

June 

has ; 

| | follo 

Cl 

: 

Ste 

Inc 

Pri 
meeting. — 


(R. 
ed, 
the 
for 
nsu- 
ified 
the 
su ffi- 
the 
mal 
Brick 


the 
; and 

test. 
eneral 
yalling 
tter, 4 
eec ed. 
yn ani 
at the 


and 


prepare definitions for air-setting re- 
fractory mortar (wet and dry types) and 
for heat-setting refractory mortar, to 
replace the present general definition 
entitled “high-temperature bonding 
mortar.” The subcommittee is also 
considering a definition for fireclay 
plastic refractories. 

Subcommittee VII on Specifications 
(G. A. Bole, chairman) recommended the 
tentative revision of the Standard Speci- 
fications for Ground Fire Clay as a 
Mortar for Laying-Up Fireclay Brick 
(C 105 — 41) and the revision of the 
Tentative Specifications for Air-Setting 
Refractory Mortars (Wet Type) for 
Boiler and Incinerator Services (C 178 - 
43 T), both of which are submitted for 
action, as indicated earlier in this report. 

In connection with Specifications C 
178 the subcommittee has suggested that 
the test methods be separated from the 
specifications so as to follow the methods 
of presentation used in all the other 
specifications under the jurisdiction of 
Committee C-8. In addition a Section 
on Sampling is being prepared for 
Specifications C 178 similar to that 
contained in Specifications C 105. 

A proposal for new specifications to 
cover ground clays other than those 
used as a mortar for laying up fireclay 
brick, and classified according to grades, 
particle size, and refractoriness, is being 
studied. 

Subcommittee VIII, Editorial (L. J. 
Trostel, chairman).—A new edition of 
the Manual of A.S.T.M. Standards on 
Refractory Materials was issued in 
June, 1943. This complete manual 


has a total of 201 pages, and covers the 
following: 


Specifications, 
Classifications, 
Methods of Testing, 7. 
Definitions, 


Standard Samples, 
Industrial Surveys, and 


the committee, 


Various editorial changes, previously — 
mentioned, are under study by the sub- 
committee. 

Subcommittce IX on Classifications 
(S. M. Swain, chairman) is studying 
suggestions for revisions in the Standard 
Classification of Fireclay Refractories 
(C 27 — 41) and the Tentative Classi- 
fication of Insulating Back-Up Block and 
Insulating Fire Brick (C 155 - 41 T). 


On the recommendation of R. H. 
Heilman, representative of Committee 
C-8 on a Section of the ASA Committee % 
on Scientific and Engineering Materials, — 
some of the symbols for heat flow ap- 
pearing in ASA Z10.4-1943 are being j 
submitted for publication as an A.S.T.M. : 
tentative standard to replace the Stand- — “4 
ard Symbols for Heat Transmission : 


(C 108 — 41), as covered earlier in this — 
report. 


As the committee did not hold a _ 


Spring Meeting this year, the election of - 
officers for the ensuing term of two years 
was conducted by letter ballot vote of the 
membership of the committee and re-— 
sulted in the selection of the following: 
Chairman, J. D. Sullivan. 
Vice-Chairman, L. J. Trostel. 
Secretary, S. M. Phelps. 


This report has been submitted to 
letter ballot of the committee, which © 
consists of 37 members; 31 members | 
returned their ballots, all of whom) 
voted affirmatively. 


Respectfully submitted on behalf of — 


J. D. Suttivan, 

Chairman. 
L. J. TrostEt, 

Vice-Chairman. 


PHELPs, 
Procedure for Calculating Heat Losses. Secretary. 
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Committee C-9 on Concrete and Con- 
crete Aggregates held one meeting during 
the year, in Pittsburgh, Pa., on March 
28, 1944. After an interval of compara- 
tive inactivity, due to the war, the sub- 
committees of Committee C-9, particu- 
larly those dealing with standards, 
became unusually active and Subcom- 
mittees VII, IX, XIII, XVII, and 
XVIII met in Chicago, Ill., on March 2 
and 3, 1944. This resulted in action 
being taken at the March meeting of 
Committee C-9 on a large number of 
recommendations which are being sub- 
mitted to the Society in this report. The 
committee, through its subcommittees, 
has made special efforts to review and 
bring up to date the several standards 
under its jurisdiction. 

The committee submits as an Appen- 
dix to this report a paper by J. C. Pearson 
on “Volumetric Method for Determining 
the Air Content of Freshly Mixed Con- 
crete.” This paper is sponsored by 
Subcommittee VII on Methods and 
Apparatus for Testing Concrete and was 
prepared by Mr. Pearson as an assign- 
ment from that subcommittee. 

No report is made at this time on elec- 
tion of officers for the ensuing term of two 
years since, by special action at the 
March meeting, this election will be held 
at the June meeting during the Annual 
Meeting of the Society. 

Subsequent to the 1943 Annual Meet- 
ing, Committee C-9 presented to the 
Society, through Committee E-10 on 


ON 
CONCRETE AND CONCRETE AGGREGATES 


Standards, revised Specifications | for 
Ready-Mixed Concrete for publication 
as tentative to supersede Specifications 
C94—42T. This recommendation was 
accepted! by the Standards Committee 
on October 25, 1943, and the revised 
specifications appear in the 1943 Supple- 
ment to Book of A.S.T.M. Standards, 
Part II, bearing the designation 
C 94-43 T. 


Sanford E. Thompson Award.—The 


Sanford E. Thompson award for a paper 


of outstanding merit on concrete and 
concrete aggregates, established in 1938 
in honor of the first chairman of the 
committee, will be made this year to 
Douglas McHenry for his paper on “A 
New Aspect of Creep in Concrete and 
Its Application to Design,’ which was 
presented at the 1943 Annual Meeting. 
This is the fourth Sanford E. Thompson 
award, previous awards having been 
made in 1942, 1941, and 1940. 
I, New TENTATIVE STANDARD 

The committee recommends for pub- 
lication as tentative a new Method 
for Making and Curing Concrete Com- 
pression and Flexure Specimens in the 
Laboratory,” to replace those sections of 
Methods C€ 39 and C 78 dealing with 
making and curing the specimens. 

1In submitting this recommendation to Committee 


E-10 on Standards, Committee C-9 reported the following 
results of the letter ballot vote of a total of 62 ballots 
returned from a committee membership of 74: Affirmative 
55, negative 3, and 4 ballots marked “‘not voting.” 

2 This method was accepted as tentative by the Society 
and appears in the 1944 Book of A.S.T.M. Standards, 
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II. REVISION OF TENTATIVE STANDARDS 

Tentative Method of Test for Efficiency 
of Materials for Curing Concrete (C 156 - 
40 T).2—The committee recommends that 
this method be revised as appended 
hereto,” and continued as tentative. 

Tentative Method of Test for Soundness 
of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate (C 88-41 T).*—The 
committee recommends that this method 
be revised as follows and continued as 
tentative: 


Section 1.—Change the section on 
scope to read as follows by the addition 
of italicized words and the omission of 
those in brackets: 


1. This method covers the procedure to be 
followed in testing aggregates to determine their 
resistance to disintegration by saturated solu- 
tions of sodium sulfate or magnesium sulfate. 
It furnishes information helpful in judging [of | 
the soundness of aggregates subject[ed] to 
veathering action, particularly when adequate 
information is not available from service records of 
the material exposed to actual weathering condi- 
lions. |In selecting aggregates, consideration 
should be given to service records of the materials 
when exposed to actual weathering conditions 
over a period of at least 5 yr., but, in the absence 
of such information, the test method should be 
used as the basis of acceptance or rejection of the 
material. Either or both of these methods may 
be used. However,| Attention is called to the 
fact that [the] test results by the use of the two 
ilts [methods] differ considerably and care must 
be exercised in fixing proper limits in any speci- 
fications which may include requirements for 
these tests. 


Section 6.—Change the first sentence 
of Paragraph (a) to read as follows by the 
addition of the italicized words and fig- 
ures and the omission of those in brack- 
ets: “The samples shall be immersed in 
the prepared solution of sodium sulfate 
or magnesium sulfate for not less than 16 
hr. nor more than 18 hr. {at least 16 hr. in 
such a manner that the solution covers 
them to a depth of at least 3 in.” 

Change the first sentence of Paragraph 

) to read as follows by the addition of 

€ italicized words and the omission of 


*1942 Book of A.S.T.M. Standards, Part II. 
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the letter in brackets: “After the immer- 
sion period the aggregate sample[s] 
shall be removed from the solution, per- 
mitted to drain, and placed in the drying 
oven.”’ 

Section 9 (c).—Add the following 
sentence to this paragraph: “In these 
calculations sizes finer than the No. 50 
sieve shall be assumed to have 0 per cent 
loss.” 


III. Revision or STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for imme- 
diate adoption, revisions in nine of its 
standards, as set forth below, and 
accordingly asks for a nine-tenths affirm- 
ative vote at the Annual Meeting in 
order that these modifications may be 
referred to letter ballot of the Society: 

Standard Specifications for Concrete Ag- 
gregates (C 

Soundness.—Add a new Section 6 on 
Soundness to read as follows, renumber- 
ing the subsequent sections accordingly: 

6.' Soundness.—V ine aggregate shall 
pass a sodium or magnesium sulfate ac- 
celerated soundness test, except that 
aggregates failing in the accelerated 
soundness test may be used if they pass a 
satisfactory freezing-and-thawing test. 

Section 9.—In the column heading 
change ‘“‘Unit weight” to read “Compact 
weight.” 

Section 10.—In the first sentence, 
change ‘“‘sodium sulfate accelerated 
soundness test” to read sodium or mag- 
nesium sulfate accelerated soundness 
test.” 

Section 11,—Revise this section to in- 
clude a reference to the Standard Method 
of Test for Clay Lumps in Aggregates 
(C 142 — 39), 

Standard Method of Test for Structural 
Strength of Fine Aggregate Using Con- 
stant W ater-Cement- Ratio Mortar 
(C 87 — 42):° 

Section 3, Change the first sentence of 
Paragraph (a) to provide for a 3-in. drop 
instead of a }-in. drop. 
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Change the second sentence of Para- 
graph (b) to provide for 10 drops in 10 
sec. instead of 30 drops in 30 sec. 

Standard Method of Test for Compres- 
sive Strength of Concrete Using Portions 
of Beams Broken in Flexure (Modified 
Cube Method) (C 116-42): 


Section 1.—Add the following note to 
this section: 

Note.—For the method of making the flex- 
ural strength test, see the Standard Method of 
Test for Flexural Strength of Concrete (Using 
Simple Beam with Third-Point Loading) 
(A.S.T.M. Designation: C 78). 


Section 3.—Replace the present note 
by the following: 

Nore.—Neat portland or alumina cement 
and suitable mixtures of sulfur with granular 
materials are recognized as suitable for capping 
hardened concrete specimens. Sulfur cap 
should be allowed to harden for at least 1 hr. 
before applying load; cement caps for a sufii- 
cient period to comply with the requirements 
prescribed in Paragraph (6). 


Section 4 (a).—After the fourth sen- 
tence add the following additional sen- 
tence: “If the depth of the beam is not 
equal to the width, the contact faces 
shall be square and shall have the same 
dimensions as the width of the beam as 
tested.” 

Standard Method of Test for Coal and 
Lignite in Sand (C 123 39):° 

Section 2 (d).—In the first sentence 
change the requirement for the wire 
gauze or sieve to provide for thirty 
openings per inch instead of six. 

Section 3.—-Change the third sentence 
from its present form: namely, 


The sample shall then be poured slowly into 
about 250 ml. of carbon tetrachloride (sp. gr. 
about 1.58) contained in one of the 400-ml. 


beakers. 


to read as follows: 


The sample shall then be poured slowly into 
about 250 ml. of a liquid having a specific gravity 
of 2.0 contained in one of the 400-ml. beakers. 

Note.—Such a liquid can be prepared from 
an appropriate mixture of carbon tetrachloride 


a 


and acetylene tetrabromide or bromoform and 
monobromo-benzene. 


Change the seventh sentence from its 
present form: namely, 


The decanted particles contained on the 
gauze or sieve will dry very quickly, but may 
be placed in an oven at 105 C. for a few minutes 
if desired. 


to read as follows: 


The decanted particles contained on the 
gauze or sieve shall be washed in carbon tetra- 
chloride, until the flotation liquid is removed, 
and then dried. The particles will dry very 
quickly, but may be placed in an oven at 105 
C. for a few minutes if desired. 


Elsewhere in this section change “car- 
bon tetrachloride” to read “‘liquid.” 

Standard Method of Making and Stor- 
ing Compression Test Specimens of Con- 
crete in the Field (C 31—42).*—The re- 
vised method entitled Method of Making 
and Curing Compression and Flexure 
Test Specimens of Concrete in the Field 
is appended.* As the new title indicates 
the method has been expanded to cover 
specimens for flexure as well as for com- 
pression tests. This revised method was 
completed subsequent to the March 
meeting of the committee and was sub- 
mitted to letter ballot in accordance with 
the procedure provided in Section 14 (6) 
of the Society’s Regulations Governing 
Standing Committees.® 

Standard Method of Test for Compres- 
sive Strength of Concrete (C 39-42).!— 
The revised method entitled Method of 
Test for Compressive Strength of Molded 
Concrete Cylinders* covers that portion of 
Method C 39 which deals with the actual 
testing. That portion of Method C 39 
which deals with the preparation and 
curing of test specimens is being recom- 
mended for publication in a separate 
method, as mentioned earlier in this 
report. 

Standard Methods of Securing and Test- 


‘ These revised methods were accepted as standard by 
the Society and spose in the 1944 Book of A.S.T.M. 


Standards, Part II. 
61944 A.S.T.M. Year Book, p. 379. 
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ing Specimens of Hardened Concrete from 
the Structure (C 42 —-42).°—The revised 
methods entitled Methods of Securing, 
Preparing, and Testing Specimens from 
Hardened Concrete* have been expanded 
to take into account specimens for flexure 
tests as well as compression tests. 

Standard Method of Test for Flexural 
Strength of Concrete (Laboratory Method 
Using Simple Beam with Third Point 
Loading) (C78-39).*—The _ revised 
method entitled Method of Test for 
Flexural Strength of Concrete (Using 
Simple Beam with Third Point Loading)‘ 
covers that portion of Method C 78 
which deals with testing. The remaining 
portion of Method C 78 referring to the 
preparation and curing of specimens is 
being recommended for publication in a 
separate method, as mentioned earlier 
in this report. 

Standard Method of Test for Yield of 
Concrete (C138-—39).°—The _ revised 
method entitled Method of Test for 
Weight Per Cubic Foot, Yield, and Air 
Content of Concrete‘ represents a re- 
writing and rearrangement of Method C 
138, and an expansion to cover a method 
for calculating the air content of freshly 
mixed concrete from the weight per cubic 
foot. 


IV. REVISION OF STANDARD, AND 
REVERSION TO TENTATIVE 


The committee recommends that the 
following standard be revised and re- 
verted to tentative: 

Standard Method of Test for Surface 
Moisture in Fine Aggregate (C '70-—30).° 
—The revised method? represents a 
major revision of Method C 70. It pro- 
vides for the use of a variety of types of 
measuring devices, whereas the present 
Method C 70 is limited in scope as to the 
apparatus which may be used. 


V. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 

The committee recommends that the 

lollowing three tentative standards be 
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approved for reference to letter ballot of 
the Society for adoption as standard, 
without revision: 


Tentative Methods of:* 


Sampling Fresh Concrete (C 172 - 42 T), 

Measuring Length of Drilled Concrete Cores 
(C174-42T), and 

Tentative Definitions of Terms Relating to Con- 
crete and Concrete Aggregates (C 125 - 42 T), 
this recommendation not having been con- 
sidered at the March meeting is submitted to 
letter ballot in accordance with the procedure 
provided in Section 14 (b) of the Society’s 
Regulations Governing Standing Committees. 


The committee also recommends that 
the Tentative Specifications for Ready- 
Mixed Concrete (C 94-43 T)® be ap- 
proved for reference to letter ballot of the 
Society for adoption as standard, re- 
vised as indicated below: 

Section 3 (b).—Change to read as fol- 
lows by the addition of the italicized 
words and the omission of those in brack- 
ets: ““Admixtures, if to [may] be used, 
shall be [only when specifically] provided 
for in the contract or in the designated ap- 
plicable specifications for [the] concrete.” 

Table I.—Change the title of this table 
to read as follows by the omission of the 
words in_ brackets: ‘Compressive 
Strengths of [Ready-Mixed] Concrete 
Suitable for Various Conditions of Ex- 


posure.” 


Change the note at the head of this 
table to read as follows by the addition 
of the italicized words: ‘““NoTE.—Pre- 
sented as information only and not as a 
part of the specifications; adapted from 
Tables 1 and 2 of the Report of the Joint 
Committee on Standard Specifications 
for Concrete and Reinforced Concrete, 
June, 1940.” 

Section 5.—Throughout this section 
change “the maximum and minimum 
slump specified” to read “the specified 
maximum and minimum slumps.” 

Section 8.—In Paragraph (d) change 
the word “batch” to read “load.” 


#1943 Supplement to Book of A.S.T.M. Standards, 
Part II. 
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Change Paragraph (f) from its present 
form: namely, 


(f) Mixers and agitators shall be examined 
daily for freedom from hardened concrete or 
mortar and for condition of blades due to wear. 
When any such condition is found to be ques- 
tionable the tests described in Paragraph (d) 
should be repeated. 


to read as follows: 


(f) Mixers and agitators shall be examined 
daily for changes in condition due to accumula- 
tions of hardened concrete or mortar or to wear 
of blades. When any such change of condition 
is found the tests described in Paragraph (d) 
should be repeated. 


Section 9. Beginning with the second 


sentence of Paragraph (6), start a new 
-aragraph (c) and reletter the remaining 
paragraphs accordingly. 

Change the first sentence of the present 
Paragraph (f) (to be relettered as (g)) 
from its present form: namely, 


Concrete shall be delivered to the site of the 
work and discharge from the truck mixer or agi- 
tator shall be completed within 1} hr. after the 
introduction of the mixing water to the cement 
and aggregates, or the cement to the aggregates, 
except that in hot weather, or under other condi- 
tions contributing to quick stiffening of the con- 
crete, the maximum allowable time may be 
reduced by the purchaser. 


to read as follows: 


Concrete shall be delivered to the site of the 
work and discharge from the truck mixer or 
agitator shall be completed within 1} hr. after 
the introduction of the mixing water to the 
cement and aggregates, or the cement to the 
aggregates, unless a longer time is specifically 
authorized by the purchaser. In hot weather, 
or under conditions contributing to quick stiffen- 
ing of the concrete, a time less than 1} hr. may 
be specified by the purchaser. 


Sections 11 and 12.--In the last sen- 
tence of these two sections change the 
word “‘batch”’ to read “‘load.”’ 

Section 14.—-In Paragraph (a) change 
the phrase “‘tests shall be made”’ to read 
“standard tests (see Section 17) shall be 


made;” also change “batches” to read 


“loads.” 


ReEpoRT OF COMMITTEE C-9 


In Paragraph (c) change the word 
“batch” to read “load.” 


VI. Apoption oF TENTATIVE REVISION 
OF STANDARD AS STANDARD 


The committee recommends that the 
tentative revisions® (with the exception 
of the explanatory note) submitted in 
June, 1941, in the Standard Method of 
Test for Abrasion of Coarse Aggregate by 
Use of the Los Angeles Machine (C 131- 
39)* which provide for abrasion tests of 
finer gradings of mineral aggregates be 
approved for reference to letter ballot of 
the Society for adoption as standard. 
This recommendation is presented 
jointly with Committee D-4 on Road 
and Paving Materials. 


VII. WitHpRAWAL OF TENTATIVE 
STANDARD 


The committee recommends that the 
Tentative Method of Test for Soundness 
of Aggregates by Freezing and Thawing 
(C 137 — 38 T)* be withdrawn. The rea- 
son for this action is that the method 
departs greatly from the procedures 
which have been adopted by most labora- 
tories doing freezing and thawing work; 
it is believed that the method needs to be 
completely rewritten to take into account 
current best practices and that the cur- 
rent method should accordingly be with- 
drawn at this time. 


VIII. TENTATIVE STANDARDS CON- 
TINUED AS TENTATIVE 
The committee recommends that the 
following specifications and methods of 
test be continued as tentative without 


change: 


Waterproof Paper for Curing Concrete (C 171- 
42 T), 


Tentative Specifications for: 


Tentative Methods of Test for: 


Air Content of Freshly Mixed Concrete (C 173- 


42 T), and 
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TABLE I.—ANALYSIS OF LETTE R BALLOT VOTE. 


Items 


I. New TENTATIVE STANDARD 


Method for Making and —~ 
Concrete Compression an 

Flexure Specimens in the 


II. Revision OF TENTATIVE 
STANDARDS 


Test for Efficiency of Materials 
for Curing Concrete 
Test for Soundness of Aggregates 
by Use of Sodium Sulfate or 
Magnesium Sulfate (C 88 - 


III. REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 
Spec. for am Aggregates 

(C 33 - 42) 

Test for An tural Strength of 
Fine Aggregate Using Con- 
stant Water-Cement-Ratio 
Mortar (C 87 - 42).. 

Test for Compressive Strength 
of Concrete Using Portions of 
Beams Broken in Flexure 
(Modified Cube Method) 

(C 116 - 42) 

Test for Coal and Lignite in 
Sand (C 123 39) 

Method of Making and Storing 
Compression Test Specimens 

of Concrete in the Field 

C 31 - 42).. 

st for C ompressive Strength of 
mncrete (C 39 — 42) 

Methods of Securing and Testing 
Concrete 

from the Structure (C 42-42) 

Test for Flexural Strength of 
Concrete (Laboratory Method 
Using Simple Beam with Third 
Point Loading) (C 78 - 39). 
lest for Yield of Concrete 

C 138 — 39) 


IV. REVISION OF 
AND REVERSION TO 
TENTATIVE 


t for Surface eeeeee in 
Fine Aggregate (C 70 — 30).. 


V. ApopTION OF TENTATIVE 
STANDARDS AS STANDARD 
Methods of Sampling Fresh 

Concrete (C 172 — 42 2 T) 
of Measuring of 
Drilled Concrete Cores | 
C 174 - 42 T) 

Def. of Terms Relating to C ‘on- 
rete and Concrete Aggregates 
C125 - 42 T) 

¢ for Ready-Mixed Concrete 

C 94 - 43 T), as revised... 


VI. Apoption or TENTATIVE 
REVISION OF STANDARD AS 
STANDARD 


Test for Abrasion of Coarse 
Aggregate by Use of the Los 
Angeles Machine (C 131 — 39 
ASA A 37.7-1943) 


WITHDRAWAL oF TENTATIVE 
STANDARD 


lest for Soundness of Aggregates 


y pate and Thawing 
U 137 - 38 T) 
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| | Ballots 
Affirm-| Nega- | Marked 
atiye tive “Not 

Voting”’ 
60 2 3 
54 2 6 
59 2 4 
ol 0 2 
60 1 2 
54 1 8 
56 1 6 
59 0 3 
62 0 0 
62 0 0 
60 0 2 
54 2 6 
60 1 2 
62 0 ia 
58 1 4 
59 2 2 
57 0 6 
61 0 
58 1 4 


TABLE I.—ANALYSIS OF LETTER BALLOT 
VOTE—Continued. 


| Affi | Nega- |Marked 
rm-| Nega- | Marke 
Items ative | tive | “Not 
Voting” 
VIII. Tentative STANDARDS 
CONTINUED AS TENTATIVE 
Spec. for Waterproof Paper for 
uring Concrete (C171 - 
2 T) ee 50 0 13 
Methos of Test for Air Content 
(Volumetric) of Freshly Mixed 
Concrete (C 173 - 42 T) 58 0 5 
Method of Test for Abrasion of 
Gravel by Use of the Deval 
Machine (D 289 - 42 T). 57 0 6 


Abrasion of Gravel by Use of the Deval Machine 

(D 289 - 42 T), under the joint jurisdiction of 

- Committee C-9 and Committee D-4 on Road 
and Paving Materials. 


IX. STANDARDS Stx YEARS 
WITHOUT REVISION 


The committee recommends that the 
following standards which have been 
published as standard for six or more 
years without revision be continued as 
standard: 


Standard Specifications for: 


Sodium Silicate for Curing Concrete (C 111- 
36), 

Standard Methods of Test for: 

Voids in Aggregate for Concrete (C 30-37), ‘ 

Organic Impurities in Sands for Concrete (C 40 - - 
33), and 

Amount of Material Finer than No. 200 Sieve in 


Aggregates (C 117-37), under the joint © f 
jurisdiction of Committee C-9 and Commit- . 
tee D-4. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
74 voting members, with the results 
shown in Table I. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 
Chairman, F. E. Richart. 
Vice-Chairman, K. B. Woods. 
Secretary, Stanton Walker. 
Chairman of Finance Subcommittee, 

H. J. Love. 
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Members-at-Large of Advisory Com- 
mittee: 
R. F. Blanks 
H. F. Clemmer 
M. N. Clair 
R. W. Crum 


A. T. Goldbeck 
F. H. Jackson 
J. C. Pearson 
C. E, Wuerpel 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 74 voting members; 63 members 


Report oF ComMMITTEE C-9 


returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
F. H. JAckson, 
Chairman, 
STANTON WALKER, 
Secretary. 
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VOLUMETRIC METHOD FOR DETERMINING THE AIR CONTENT OF 


FRESHLY MIXED CONCRETE 


REPORT TO SUBCOMMITTEE VII ON METHODS AND APPARATUS FOR 
TESTING CONCRETE 


PREPARED BY J. C. PEARSON! : 


One of the projects of Subcommittee 
VII, assigned to the author, is that of 
developing a method for determining the 
air content of fresh concrete better 
adapted for feld use than the Tentative 
Method of Test for Air Content of 
Freshly Mixed Concrete (C 173 —- 42 T),? 
which involves weighings of unusual 
accuracy. 

After some discussion of this problem 
in our laboratory, it was felt that a 
volumetric method offered the most 
promise, as it involves no weighings and 
requires no knowledge of proportions or 
physical properties of cement and ag- 
gregates. It was thought that a rather 
large pycnometer of at least 0.2-cu. ft. 
capacity would be suitable if built in the 
form of a 6-in. diameter cylinder, 12 in. 
or more in height, and surmounted by a 
cone with a small opening at the top. 
The cone should be detachable to permit 
introducing the sample of concrete, and 
should provide means of being attached 
quickly in such manner as to givea water- 
tight joint. 

In operation, a measured volume of 
concrete would be placed in the pyc- 
hometer, and an equal or somewhat 
larger measured volume of water would 
be added. The cone would then be 
replaced, and the concrete and water 
thoroughly mixed to displace the air. 


Director of Research, Lehigh Portland Cement Co., 
Mlentown 


Pa. 
*1942 Book of A.S.T.M. Standards, Part II, p. 1203. 


Finally, the amount of water necessary 
to fill up the cone would be determined, 
and the volume of air would be given by 
the relation 


where: 


V,_ = volume of air entrained in the 
concrete, 
V~ = total volume of water required to 
fill up the pycnometer, 
volume of the pycnometer, and 


VY. = 
Vim = volume of the measure filled with 
concrete. 


The values of V, and V,, would be known 


from calibration, and the percentage 
air would be 


Pa = 100 


The apparent difficulties that might be 
anticipated were: 

(a) The measured concrete would 
have to be transferred to the pycnometer 
without loss. 

(b) If a considerable amount of foam 
or scum developed in the de-airing 
process, it would have to be reduced in 
some way to permit accurate determina- 
tion of the amount of water required to 
fill the pycnometer. 

(c) The de-airing process should re- 
move the entrained air completely. 

(d) All water used should be accurately © 
accounted for. 
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(e) Effects of changes in temperature 
should be aetermined and compensated, 
if necessary. 


OF PYCNOMETER AND ITS 


DESCRIPTION 
OPERATION 


As the principles involved in the 
volumetric air determination are quite 


— 


Fic. 1.—Scheme of Pycnometer. 


clear, the above-mentioned difficulties 
may now be discussed in connection 
with the details of the pycnometer and its 
operation. Figure 1 shows the scheme 
of the instrument as used in the study 
reported herewith. It is made from a 
13-in. length of drawn brass tubing, 
6 in. in inside diameter. Instead of 
having the cone C detachable from 


section B, the tube was cut at the line 


XY, providing a bottom section 4A, 
6 in. high. This section has a volume of 
very nearly 0.1 cu. ft. and its use as a 
measure for the concrete obviously 
eliminates the first difficulty mentioned 
above. This measure is usually filled 
by the standard method for weight per 
unit volume of concrete, but the weight 


Brass Ring Threaded 
and Soldered fo 
Section 


Brass 

Threadedand 

Soldered to 
—-Section A 


\ 
four Bolts at Quarter 
Around Joint 


2.—Detail of Joint at Y. 


Rubber or 
,-Cement 


Brass Holder 
for Tube | D 


‘ 
4 


Fic. 3.—Connection for Tube D. 


is not needed for the air determination. 
After the measure is accurately filled, 
the concrete is pushed back from the 
rim with a spatula, and the rim is wiped 
clean. Section B is then placed o 
section A and made tight with four 
small bolts. Details of the joint ar 
shown in Fig. 2. 

The next operation is to pour 3 liters 
of water into the pycnometer, add 1 to? 
ml, of a defoaming agent (2-ethyl hexand 
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was used in our work), stopper the 
opening at the top, and thoroughly 
mix water and concrete by turning the 
pycnometer end for end 30 times. 
The water thus displaces the air in the 
concrete, and if there is no foam or scum 
resulting from the operation, the pyc- 
nometer can be filled to the top with a 
measured amount of water and the air 
determined by Eq. 1. In general, how- 
ever, this cannot be done because more 
or less foam is formed in the de-airing 
operation, and whenever an air-entrain- 
ing cement containing Vinsol resin is 
used a persistent scum develops which is 
quite unaffected by ordinary defoaming 
agents. 


SOLUTION OF THE SCuM PROBLEM 


All difficulties encountered in the 
development of this volumetric method 
faded into insignificance in comparison 
with that of finding a way to evaluate 
thescum. ‘This material may be defined 
as a very fine-bubble foam, consisting 
of air, water, fine cement particles, and 
insoluble soapy solids, so stable that it 
will stand in a closed glass jar for many 
weeks without apparent change. No 
defoaming agents or chemicals were 
found that would reduce it, at least in a 
practical way, and the only effective 
method, known to the author, of de- 
airing the material is by vacuum treat- 
ment. Fortunately this can be done 
with a good aspirator capable of reducing 
the pressure in a suction flask to about 
lin. of mercury. This method was used 
successfully in the laboratory to de-air 
the scum and to get its equivalent in 
liquid volume, but such a method would 
hardly be practical in the field. There- 
fore, a series of experiments were under- 
taken to find some means of collecting 
the scum so that its volume could be 
measured and an estimate made of its 
de-aired volume. 


The simplest solution found for this 
problem was the use of a graduated 
glass tube D mounted on top of the 
pycnometer, as shown in Fig. 1. This 
tube was made by sawing off the ends of 
an ordinary 250-ml. graduate to give a 
usable capacity of about 200 ml., and 
was attached to the top of the pyc- 
nometer with a rubber stopper S. A 
more suitable connection is detailed in 
Fig. 3. The necessity for using this 
auxiliary tube detracts somewhat from 
the simplicity of the device for use in the 
field, but it is needed only at the end of 
the air determination and does not have 
to stand rough treatment. 

Before describing the evaluation of the 
scum, let us complete the steps of the 
operation. When the air has_ been 
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a 


removed from the concrete in the pyc- | 


nometer by thorough mixing with 3 
liters of water, the tube D is attached, 
and the fourth liter of water is poured in 
at the top of the tube. If the per- 
centage of air does not exceed 4 or 5 per 
cent, these 4 liters of water are usually 
enough (for our pycnometer) to float the 
scum up into the tube. If the air 
content is higher than 4 or 5 per cent, 
more water may be needed to raise the 
scum column to a convenient height for 
reading its top and bottom boundaries. 
A 100-ml. graduate serves to keep track 
of the added water used. If now a 
factor can be used to reduce the scum 
volume to equivalent liquid volume, and 
this, plus the liquid in the tube below 
the level of the scum, is subtracted from 
the total water used, we finally arrive 
at the volume of water required to fill 
the pycnometer, and the percentage of 
air can be determined by Eqs. 1 and 2. 


Evaluation of Scum: 


In the laboratory, when the top and 
bottom of the scum column had been 
read on tube D, the scum was trans- 
ferred to a suction flask with a long- 
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stemmed syringe, and with added, care- 
fully measured water, all the scum was 
removed, the syringe rinsed into the 
flask, and the level of the water brought 
back to the reading at the bottom of the 
scum column. ‘Thus all the additional 
water used, plus that in the scum, was 
now in the flask. With the aspirator 
attached, the scum in the flask was then 
completely de-aired, and the residual 
liquid measured in a suitable graduate. 
The excess of this liquid over that of the 
rinse water used was taken as the 
volume of the de-aired scum. 


COMPLETENESS OF AIR REMOVAL FROM 
CONCRETE 


Not all the scum in the pycnometer 
rises into the tube D of its own accord. 
When water has been added in sufficient 
quantity to bring the scum column into 
the tube, the pycnometer should be 
tilted at an angle of 30 to 45 deg. from 
the vertical, slowly rotated by hand on 
the edge resting on the table, and the 
pycnometer continuously and smartly 
tapped with a wooden hammer. This 
dislodges air and scum adhering to the 
underside of the cone, and tends to free 
the last remaining bubbles in the slurry 
below. This process: usually requires 
from 1 to 5 min. depending upon the 
quantity of scum, and must be continued 
until no further rise of air or scum is 
noted against the upper side of the 
inclined glass tube. ‘This is one point in 
favor of the tube because it enables the 
operator to see even the last small traces 
of air rising from the pycnometer. The 
device is then righted to its vertical 
position, the scum leveled as nearly as 
possible, and the glass tube gently 
tapped until all the flocculated material 
has dropped away from the bottom of the 
scum column, and the interface is sharp 
and clear. 5 
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ERROR IN MEASUREMENT OF WATER 


The error in measurement of water is 
really quite small if ordinary care is 
taken in reading the measures used, 
allowing time for drainage of adhering 
water, and avoiding accidental _ loss, 
The liter flask used in these experiments 
was found to deliver 999 ml. under normal 
use, and a reasonable error from this 
source should hardly amount to 0.1 per 
cent in the air determination. 7 


Errect OF TEMPERATURE CHANGES ON 
VoLUME MEASUREMENTS 


The coefficient of thermal expansion 
of water is variable, but many times 
larger than that of most solids. Hence, 
if any correction for temperature differ- 
ences is necessary, it would be confined to 
effects on the measured volume of water. 
Since the volume change would be 
dependent on the temperature of the 
water when measured and the tempera- 
ture of the water in the pycnometer when 
the final readings were made, it is recom- 
mended that these temperatures be 
always recorded, as well as the tempera- 
ture of the concrete when it is measured 
at the beginning of a test. For tempera- 
ture differences likely to be encountered, 
however, it may be shown that the error 
is small in comparison with other errors, 
and can generally be disregarded except 
in those cases where increased accuracy 
is desirable. 

To indicate how the temperature cor- 
rection should be made, suppose that 
water and concrete are at the same 
temperature, 7, and that a volume of 
water, V, is required to fill the pyc 
nometer even full. Now if V were 
measured at a higher temperature than 
7, its value at 7 would be less than J, 
and more water would have to be added 
to fill the pycnometer. This additional 
water would appear to indicate that the 
air content of the concrete was grealer, 
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R 
and therefore the correction to the were 6.7 and 6.8 per cent, respectively. 
r is apparent air content would be subtrac- In mix No. 13, the temperature of 
» is tive. If it were desired to correct also the concrete was 22 C,. (72 F.), and 
sed, for the change in temperature of the Method C 173 — 42 T, carried out as 
ring concrete, which would rise if water before, gave 6.9 per cent air. In the | 
ss, warmer than the concrete was used, the volumetric determination the added 
ents expansion of water in the concretewould water was measured at 35 C. (95 F.) { 
mal necessitate less being added to fill the and the temperature of the mixture at 
this 4 
TABLE I.—DATA OF TESTS FOR AIR DETERMINATION. 
Concrete Data | Scum Data ’ Percentage of Air in Concrete 
— - -—— —— — 
; | | | | By Volume By Method Computed 
> ON Ne Vol Volume Per- Method C173 -42T From 
i. A Aired | With- Abso- 
cu. ft. | | Water Job t Unit lute 
ml, jin Scum} | Value ~ | Vacu- | Weight| Vol- 
| | Value | | 
ence, 1 | 6 7 | 9 | o | 
iffer- Jee | 138.4 | 31.6 59 23 39 7.6 7.7 7.5 7.5 | 8.2 7A 
22 7 32 3.8 3.8 3.8 3.8 4.2 3.1 
ed to yy 137.4 | 32.0 148 52 35 8.2 | 8.1 7.8 7.8 | 8.9 7.6 
4. 142.8 | 32.9 35 11 31 4.6 4.5 5.1 5.0 4.9 4.0 
rater, x. 143.6 | 33.5 25 8 32 4.1 4.0 4.2 4.2 4.3 3.4 
i be , 142.2 | 33.5 59 | 22 37 5.3 5.3 5.2 5.0 5.4 4.2 
ese 140.0 | 32.7 80 | 31 39 6.8 6.9 6.4 6.1 7.0 5.8 
f the ene 144.3 | 33.6 19 6 32 3.7 3.7 4.1 4.1 3.8 3.0 
9 145.6 | 34.6 15 6 40 2.9 2.9 3.2 3.2 2.9 1.8 
pera- No. 10 142.3 | 32.3 53 | 19 36 5.9 5.9 5.5 5.5 5.3 4.6 
No. 11 | 141.1 31.8 70 | 29 41 6.3 6.5 6.2 6.0 6.2 5.4 
when No. 12%... 140.5 | 31.9 73 27 37 6.8 6.8 6.7 6.4 6.6 5.8 
No. 134 140.0 | 31.4 93 37 40 7.0 7.1 6.9 6.9 7.0 6.2 
>com- hats 139.8 | 31.3 86 34 40 6.8 6.9 7.0 6.9 7.1 6.4 
be 15... 142.2 | 31.7 45 17 38 5.6 5.6 5.5 5.3 5.4 4.8 
Ss ee 146.8 35.6 4 2 5 $3 14 1.9 2.0 2.0 0.8 
17... 139.6 | 30.7 1% =| #27 36 7.3 7.3 7.5 7.4 7.3 6.7 
Ipera- ). 18 140.9 | 31.0 ne) 37 6.4 6.4 6.2 6.2 6.3 5.7 
sured 19 144.8 | 34.4 25 8 32 3.4 3.4 3.3 3.4 3.5 2.4 
anne | 138.7 | 31.8 | 96 | 37 39 7.6 7.6 7.8 7.4 7.9 6.9 
1pera- 21 | 143.1 | 33.7 39 | 13 33 4.8 4.7 4.8 4.8 4.7 3.6 
22 137.4 | 31.3 102 | 34 33 8.6 8.5 8.5 7.8 8.9 7.8 
tered, 23 137.6 | 31.6 112 38 34 8.5 8.4 8.4 8.3 8.7 7.5 
M..........| 139.6 | 30.5 % | 29 34 7.8 7.7 7.2 7.0 7.2 6.7 
error 150 51 33 10.6 | 10.5 | 10.3 9.7 | 10.2 9.8 
| 13.1 | (13.1) | 13.2 | 12.3 | 13.3 | 12.5 
Trors, ES aS 29.3 109 37 34 9.3 9.2 9.6 8.8 9.1 | 8.6 
| | | 59 33 11.9 | 11.6 | 11.7 | 11.3 | 11.9 | 11.2 
suracy Average values... ag tisteteecrseessceseserse 36 | 6.7 | 6.6 | 6.6 6.4 | 6.7 | 5.8 
Mixes Nos. 12, 13, and 14 were the same, except that weeer wed in in ‘the volumetric ‘determination of mix No. 13 was 
“e COF- 5 F., while that in mix No. 14 was at 50 F. See discussion of temperature effects on page 10. 
Scum volume too small to be evaluated by vacuum application. 
p that Scum volume larger than capacity of measuring tube. 
same 


me of | Pycnometer, and this would appear to _ the end of the test was 30 C. (86 F.). 
e pyc indicate lower air content in the con- The change in specific volume of water 
were § (rete, so that the correction from this from 35 C. to 30 C. is 0.001634 ml. per 
e than § Source would be additive. As examples ml., and for the approximately 4000 ml. { 
han J, of such corrections, mixes Nos. 12, 13, of water used, the change in volume 
added § 2d 14 in Table I were made. In mix would be —6.5 ml. The change in 
litional | 0 12 the tests were made at 21 C. specific volume from 22 C. to 30 C. is 
nat the @ (2 F.) and the air contents by Method 0.002138 ml. per ml. and for the ap- 
grealet, C173 -— 42 T (using vacuum) and by the proximately 500 ml. of water in the 


volume  pycnometer (laboratory value) measured volume of concrete, the change 


ut 
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in volume was +1.1 ml. The net 
correction was therefore —5.4 ml., 
which made a difference of —0.2 per 
cent in the air content. The value for 
air content without regard to temperature 
was computed at 7.2 per cent, and the 
corrected value was 7.0 per cent. In 
mix No. 14 the standard method gave 
7.0 per cent air; in the volumetric 
method the concrete was mixed at 22 C. 
(72 F.), the water was added at 10 C. 
(50 F.) and the temperature of the 
mixture at the end was 16 C. (61 F.). 
Following the same procedure as indi- 
cated above, the air content computed 
without regard to temperature was 6.7 
per cent, and the corrected value was 
6.8 per cent. These examples show 
about what order of error is made by 
disregarding temperature changes of 
considerable magnitude. 
RESULTS OF TESTS 
Table I summarizes the essential data 
from 28 concrete mixtures tested by 
Tentative Method C 173, and by the 
volumetric method described herein, 
after the latter was in essentially its 
final form as _ illustrated. these 
mixtures the same proportions of cement 
and aggregates were used throughout, 
but the water was varied to produce a 
nominal slump of 4 + } in. Mixes were 
all made in a small Lancaster mixer 
according to a strict time schedule both 
as to time of mixing and to addition of 
water. The concrete was such that if 
made with average type I cement, it 
would contain about 6 bags of cement per 
cubic yard, and would have a water 
ratio of about 6 gal. per sack. Owing 
to the wide variation in air contents, 
the yields were correspondingly different, 
and the cement contents varied from 
5.25 to 5.8 sacks per cubic yard. The 
first ten mixtures of Table I were made 
with ten different air-entraining com- 
mercial cements; the remainder were 


made, with a few exceptions, from the 
same clinker ground in a laboratory mill 
together with various forms and quanti- 
ties of Vinsol resin. These mixtures 
were made for a more general study of 
the effects of Vinsol resin, but they were 
admirably suited for checking the per- 
formance of the volumetric method for 
air because of their wide range in air 
content. 


COMPARISON OF AIR DETERMINATIONS 
BY THE STANDARD AND 
VOLUMETRIC METHODS 


Table I includes some data that are 
not strictly a part of the criteria for the 
volumetric method, but are related to 
the general subject of air in concrete. 
First, therefore, let us discuss the data 
pertaining to the subject of this report. 
Columns 4 and 5 contain the scum 
volumes as measured in the pycnometer 
tube, and after de-airing under vacuum 
treatment as previously described. Col- 
umn 6 gives the percentage of water 
(and solids) in the scum, by volume, and 
it is seen that the figures vary from 32 to 
41 per cent as determined, with an 
average value of 36 per cent. Toward 
the end of the series it was discovered 
that the bottom of the scum column 
rises slowly upon standing, especially if 
the volume of the scum is large, and the 
later the reading is made the nearer the 
de-aired volume approaches the value of 
33 per cent. This takes possibly 10 or 
15 min. for the higher scum volumes, and 
to avoid this delay, the factor 0.36 can 
be used if one waits only until the 
bottom line of the scum becomes clear 
and the flocculated material has settled 
away from it. However, it is a very 
comforting fact that a variation of 1 or 2 
per cent in this scum factor makes little 
difference in the air determinations, as 
shown by the values in columns 7 and 8. 
The figures in column 7 are the air per- 
centages as determined from the actual 
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volumes of liquid in the de-aired scum, 
while those in column 8 are computed as 
they would be in the field, using the 
constant reduction factor of 36 per cent 
applied to the observed volumes of scum. 
The greatest difference between the 
laboratory and job values is 0.3 per cent. 

To indicate how nearly the air contents 
determined by this method agree with 
those determined by the standard 
method, all mixtures were tested  si- 
multaneously by the two methods, the 
derived values being based on the con- 
crete as rodded into the bottom section 
of the pycnometer. To obtain some 
additional data on the effect of vacuum 
treatment as applied to the standard 
method, the latter was subjected to only 
two washing tests, and then all the scum 
and fine cement that had been removed 
was returned to the pycnometer and 
vacuum was applied previous to the 
final weighing. It is seen from a 
comparison of columns 9 and 10 that 
there is practically no difference in the 
values up to about 7 per cent of air, but 
considerable additional air was removed 
by vacuum treatment from some of the 
mixes containing still higher air contents. 
However, this difference is more apparent 
than real, for the standard method 
specifies that the weighings shall be 
repeated until a difference not greater 
than 2 g. shall be obtained, and this was 
not done in these tests because of the 
extra time required and the consequent 
interference with the schedule. There- 
fore the vacuum treatment was taken as 
giving the correct figure, and the com- 
parisons of the two methods are quite 
satisfactory. Nevertheless it is reassur- 
ing that the standard method would 
probably be found to give values very 
nearly in agreement with those obtained 
by vacuum treatment over the whole 
range of air contents, if the determina- 
tions were made as specified. 

Based on experience with the standard 
method and the volumetric method in 


FRESHLY MIXED CONCRETE — 


this investigation it is the conviction 
of our operators that the volumetric 
method gives nearly as dependable results 
for air content of fresh concrete as the 
standard method, and has the advantage 
of taking less time and requiring much 
less computation. For field use the 
entire equipment can be carried in a small 
handbag and the operator needs only a 
piece of plank or a flat slab and a bucket 
of water to set himself up in business. 


ForM FOR RECORDING Test DATA 


The following form for recording 
observations and computing air con- 
tents of concrete will assist in making all 
essential notes in proper sequence. The 
values given are from a typical case 
(No. 1 in Table I). 
include provision for computing effects 
of temperature, which require a table of 
specific volumes for water and do not 
need to be computed in the field except 
possibly under extreme conditions. 


{ 1. Volume of concrete meas- 


2. Volume of upper section 
3. Temperature of concrete.. 20 C. (68 F.) 
4. Temperature of water at 
21 C. (70 F.) 
&| 5. Total volume of water 
3 4098 ml. 
$4 6. Zero reading of tube (at 
Py top of pycnometer).... 46 
5 7. Reading of top of scum 
column in tube........ 188 
8. Reading of interface (bot- 
tom of scum column in 
9. Temperature of water in 
pycnometer at end of 
(10. Volume of scum, (7) — 
(8).. 59 ml. 
a8. Liquid jin scum, 0.36 X 
(10).. 21 mi. 
&|12. Liquidi in tube below inter- 
3 face, (8) — (6).. . $3 mi. 
$)13. Total in tube, (11) 
4 + (12).. 104 ml. 
14. Water to fill pycnometer, 
5 3994 ml. 
15. Volume of air in concrete, 
213 ml. 
16. Per cent air in concrete, ; 
\ 100 & (15) + (1)..... 7.7 per cent 
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APPENDIX-—ADDITIONAL MISCELLANEOUS 
INFORMATION 


Since the weight per unit volume of all 
concretes was determined in these tests, 
it was possible to compute air content 
from a general formula derived from the 
tests. When the weights per cubic foot 
of the concretes were plotted against air 
contents, a linear relation was indicated, 
and the equation of the line best repre- 
senting the locus of the points was 
found to be 


per cent air = 0.735 X 
(149.5—wt. of concrete per cu.ft.) .. . (3) 


Using this formula the air contents (in 
per cent) were determined from the data 
in column 2 of Table I, and are listed in 
column 11. The generally close agree- 
ment of these values with those given in 
column 9 shows how closely the weights 
per cubic foot reflect the air content of 
the concrete. While the constants in 
Eq. 3 would be different for different 
types of concrete, the equation might be 
used as a basis for approximation of air 
content when the weight per cubic foot 
of the concrete was known, and partic- 
ularly if the weight of the concrete with 
zero air content (corresponding to the 
constant 149.5 in Eq. 3) could be 
determined from known weights and 
specific gravities of concrete ingredients. 

It was observed in these tests that the 
water content of the concrete at constant 
slump decreased as the air content 
increased. ‘Therefore, the net water in 
gallons per cubic yard as listed in column 
3 of Table I was plotted against air 
content, and again a very good linear 


relation was indicated. The equation 
of the line best fitting the points was 
determined as 


net water, gal. per cu. yd. = 
36.8 — 0.74 X per cent air... . (4) 


This shows a reduction in water content 
of about ? gal. per cu. yd. for each 1 per 
cent of air in the concrete. ‘This 
reduction in water content is between 
0.13 and 0.14 gal. per sack for each 1 per 
cent of air in the concrete. Again, 
these figures would apply only to 
concretes similar to those used in this 
investigation, but might be taken as a 
general basis for rough estimates of the 
effect of entrained air on water content 
for a given consistency. 

Since the specific gravities and ab- 
sorptions of the aggregates used in these 
tests were known, the air contents of the 
28 concretes were computed by the 
summation of absolute volumes, these 
values being given in column 12 of 
Table I. It is seen that the air contents 
so computed are on the average about 
0.8 per cent less than those determined 
by the standard method or by the 
volumetric method. This difference may 
be due in part to small errors in specific 
gravity of aggregates, but the properties 
of these aggregates are well known and 
the errors in specific gravities are hardly 
likely to be great enough to account for 
differences in air determinations of 
nearly 1 per cent. All things considered, 
it is believed that air determinations by 
this method are likely to be in con- 
siderable error and less dependable than 
direct determinations by the volumetric 
method. 
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Mr. CHARLES E. WuERPEL.'—Our one 
criticism of the method proposed by Mr. 
Pearson is the small size of the con- 
tainer. Most of the concrete placed by 
the Corps of Engineers contains a maxi- 
mum size aggregate of at least 2-in. and 
the 0.1 cu. ft. measure is too small to 
use with such concrete. I should like 
to ask Mr. Pearson the question as to 
why the size of the measure could not be 
increased. 

Mr. J. C. Pearson.?—The answer is 
that this device was designed as a one- 
man apparatus, to be handled without 
too much effort. It is true that the 0.1 
cu. ft. measure is undesirably small for 
concrete containing 2-in. aggregate. 
One would then have a choice of making 
one or more repeat determinations with 
this device or of using a larger container, 
the latter probably requiring some me- 
chanical equipment for the de-airing 
operation. 

Mr. WuERPEL.—The second comment 
[ should like to make is that we are re- 
assured to see as close a check between 
the proposed method and the so-called 
unit weight method, because it gives us 
a little bit more confidence in the use of 
the unit weight method, which we be- 
lieve is simpler to perform in the field. 
Mr. Pearson’s method is workable in the 
field, but certainly with the type of in- 
spector that we have to live with in the 
field, it is a lot easier to give him a unit 
weight measure with a semblance of the 
standard puddling rod and a set of scales, 
nd get reasonably good results than it 


'Engineer-in-Charge, Central Concrete Laborat 
orps ot Engineers, U. S. Army, Mount Vernon, N. Y 

?Director of Research, Lehigh Portland Cement Co., 
Allentown, Pa, 
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would be to hope to get very accurate - 
results with Mr. Pearson’s method, 
which has certainly additional require- 
ments, including the correction factor. 

The difference of 1 per cent, I really 
believe, constitutes a good check. It’s 
too bad it isn’t a flat check. But we 
consider the 1 per cent as a pretty good © 
check especially in the range of air con- 
tents which occur in field concrete. 

Mr. Pearson.—The main objection — 
to the unit weight method is the uncer-— 
tainty in regard to specific gravities and 
proportions of ingredients in job con- 
crete. If these are known with accu- 
racy, the unit weight method is the 
simplest, and should give satisfactory nal 
determinations. Otherwise the air de-— 
terminations will be in error by an un-_ 
known and possibly large amount. 

Mr. WuerRPEL.—It is perfectly true 
that accurate knowledge of the ly 
gravity is necessary with the unit weight 
method. One of the most admirable 
points of Mr. Pearson’s method is that, 
as he says, you do not have to know the g 
“pedigree” of the concrete. Of course, 
I question the desirability of having to 
deal with concrete when the “pedigree” 
is unknown. As we try to increase od 
technical aspect of the technology of 
concrete, we should know more opel 
this pedigree than we do, and in all of 
our work at any rate we do everything | 
we can to supply the field with the — 
specific gravity and the other data 
which are important to know in the 
control of the concrete, not only for its 
air content but also for its basic control | 
of quality. 
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- Committee C-12 on Mortars for Unit 
Masonry has held no meeting since the 
1942 Annual Meeting of the Society for 
obvious reasons. Interest in mortar has 
continued, however, as shown by the 
following papers presented at the 1942, 
1943, and 1944 Annual Meetings, re- 
spectively: 


“Curing of Masonry Mortars”! by Howard 
R. Staley, 

“Measurement of Bond Between Bricks and 
Mortar,”? by J. C. Pearson, and 

“The Effects of Certain Variations in Con- 
sistency and Curing Conditions on the Com- 
pressive Strengths of Cement-Lime Mortars,’ 
by G. J. Fink. 


Of particular interest is the American 
Standard Building Code Requirements 
for Masonry (A41.1-1944), approved and 
issued by the American Standards Asso- 
ciation early in 1944. That the speci- 
fications for masonry mortar in this 
code are, in essence, the specifications 
that have been considered by Com- 
mittee C-12 for the past several years, 
is not surprising in view of the fact that 
Committee C-12 and Sectional Com- 
mittee A41 have about one quarter of 
their memberships in common. 

The membership of Committee C-12 
at present totals 31, of whom 13 are 
classified as producers, 7 as consumers, 
and 11 as general interest members. 


' 1 Proceedings, Am. Soc. Testing Mats., Vol. 42, p. 762 

1942). 

2 Proceedings, Am. Soc. Testing Mats., Vol. 43, p. 857 
3). 


(a 
3 See p. 780. 


REPORT OF COMMITTEE C-12_ 
ON 
MORTARS FOR UNIT MASONRY 


I. REVISION OF TENTATIVE | 
STANDARD 


The committee recommends that the 
Tentative Specifications for Mortar for 
Reinforced Brick Masonry (C 161-41 
T) be revised as appended hereto,‘ and 
continued as tentative. 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 31 members; 23 mem- 
bers returned their ballots of whom 19 
have voted affirmatively, 0 negatively, 
and 4 members marked their ballots 
“not voting.” 


II. Apoprion oF TENTATIVE STANDARD 
AS STANDARD 


The committee recommends that the 
Tentative Specifications for Aggregate 
for Masonry Mortar (C 144 — 42 T)* be 
approved for reference to letter ballot of 
the Society for adoption as standard. 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 31 members; 23 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


ACTIVITIES OF SUBCOMMITTEES 


With the exception of Subcommittee 
III on Specifications and Methods of 
Test for Mortar and Subcommittee IV 
on Specifications for Aggregate, no re 


4 These specifications were accepted as tentative by the 
Society and ged in the 1944 Book of A.S.T.M.S 
Part II, p. 125 

5 1942 Book of A.S.T.M. Standards, Part II. 
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ports of subcommittees have been re- 
ceived since the 1942 meeting. 

Subcommittee III on Specifications 
and Methods of Test for Mortar (H. C. 
Plummer, acting chairman).—This com- 
mittee has prepared a revision of the 
Tentative Specifications for Mortar for 
Reinforced Brick Masonry (C 161 - 41 
T) through a working subcommittee, 
consisting of H. C. Plummer (chairman), 
D. E. Parsons, and M. O. Withey. The 
revision includes added requirements re- 
lating to quality of materials, such as 
limitations on the use of admixtures, and 
antifreeze compounds, the addition to 
the proportion specifications of volume 
proportions for the convenience of the 
user, and a number of other changes. 
These changes, in general, are for the 
purpose of bringing the specifications 
into agreement with accepted good prac- 
tice and with recent laboratory studies. 
Subcommittee III adopted these re- 
visions unanimously and the revised 
specifications, appended hereto,‘ have 
been submitted to letter ballot of the 
committee. 

Subcommittee IV on Specifications for 
Aggregate (Stanton Walker, chairman).— 
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Since no criticism of the Tentative Speci- 
fications for Aggregate for Masonry 
Mortar (C 144 - 42 T) has been received 
since its publication, Subcommittee IV 
voted unanimously to recommend the 
adoption of the specifications as standard 
and this recommendation has also been 
submitted to letter ballot of the com- 
mittee. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, Theodore I. Coe. 

First Vice-Chairman, J. W. Whitte- 

more. 

Second Vice-Chairman, H. D. Baylor. 

Secretary, Harry C. Plummer. 


This report has been submitted to 
letter ballot of the committee which 
consists of 31 members; 23 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


J. W. McBurney, 
Chairman, 


H. C. PLUMMER, 
Secretary. 


|_| 
a 


Committee C-14 on Glass and Glass 
Products held one meeting during the 
year in Pittsburgh, Pa., on April 5, 1944. 

Subcommittee VII on Glass Con- 
 tainers, although quite new, has es- 
tablished a Section A on Pharmaceutical 
Containers. Work is already under way 
between Subcommittee III on Chemical 
Properties and Section A of Subcom- 
mittee VII on the chemical durability of 
certain glasses. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Definitions (F. C. Flint, chairman) 
—The Tentative Definition of the Term 
Glass (C 162 - 41 T) has been reviewed, 
revised, and submitted to the special 
subcommittee of Committee E-8 on 
Nomenclature and Definitions for con- 
sideration and comment. 

Subcommittee III on Chemical Proper- 
ties (J. F. Greene, chairman).—Three 
proposed tentative methods for de- 
termining chemical durability of glass 
have been developed. Subcommittee 
III is now submitting them to Sub- 
committee VII and its Section A for 
consideration and acceptance. The pro- 
posed tentative methods are as follows: 

Test A.—Chemical Durability of Glass 
Used for Manufacture of Glass Con- 
tainers. Glasses of the soda-lime type 
are crushed and subjected to attack by 
water or dilute acid at 90 C. 

Test I.—Chemical Durability of Glass 
Containers. Glass containers of the 
soda-lime type are filled with water or 
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dilute acid and subjected to a tempera- 
ture of 120 C. in an autoclave. 

Test II.—Chemical Durability of Glass 
Containers. Glass containers of the 
soda-lime type are filled with water or 
dilute acid and subjected to a tempera- 
ture of 90 C, 

In all three cases the amount of alkali 
extracted under the conditions of test are 
determined by titration. 

Subcommittee VI on Glass Construction 
Block and Tile (J. P. Staples, chairman). 
—In order to further the work of this 
subcommittee it is necessary to define 
the term “glass tile,”’ and to consider 
the inclusion within the scope of this 
subcommittee of other glass products 
used for structural purposes, such as 
cellular glass and thick glass plates. 

Subcommittee VII on Glass Containers 
(W. R. Lester, chairman).—The ring- 
section method of examining glass con- 
tainers for cord with polarized light, as 
worked out by the Glass Container 
Association is being considered for pub- 
lication as tentative. 

Subcommittee VIII on Flat Glass 
(F. W. Adams, chairman).—Since the 
likelihood of bombing of American cities 
during this war has diminished greatly, 
the first problem of this subcommittee, 
which was set up to make studies of the 
effect of bombing on flat glass, has been 
removed. ‘The committee now plans to 
review all specifications dealing with 
flat glass, looking toward the preparation 
of proposed tentative methods to cover 
them. 


’ 


1 


Publication of Glass Standards in One 
Volume.—A desire has been expressed to 
include in one volume all the test meth- 
ods dealing with glass. These would 
include standards originating in Com- 
mittee C-14 as well as in other com- 
mittees, and would cover insulators and 
textile materials. It would be desirable 
to have an approved up-to-date defini- 
tion of glass in this volume and con- 
sideration is now being given to its 
preparation. 


Tests on glass insulators are now being 
handled by Section C of Subcommittee 
V of Committee D-9 on Electrical 
Insulating Materials. Consideration is 
now being given to the suggestion that 
jurisdiction over this work be transferred 
to Committee C-14. 
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x 
The election of officers for the ee 

term of two years resulted in the selec- 

tion of the following: ; 
Chairman, Louis Navias. 
Vice-Chairman, E. W. Tillotson. 
Secretary, S. R. Scholes. 


This report has been submitted to 
letter ballot of the committee which 
consists of 49 members; 35 members — 
returned their ballots, of whom 33 have 
voted affirmatively, and 0 negatively. | 


Respectfully submitted on behalf of — 
the committee, 
J. C. Hostetter, 


Chairman. 
Louis NAVvIAs, 


Secretary. 
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Committee C-15 on Manufactured 
Masonry Units held a meeting in Pitts- 
burg, Pa., on June 30, 1943, during the 
Annual Meeting of the Society. 

Subsequent to the 1942 Annual Meet- 
ing, Committee C-15 presented to the 
Society through Committee E-10 on 
Standards the following recommenda- 
tions, which were accepted! on August 
24, 1942, and appear in the 1942 Book 
of A.S.T.M. Standards, Part IT: a 


Tentative Revisions of Standards: 


Methods of Sampling and Testing Brick (C 67 - 
41), comprising a Method of Test for Efflores- 
cence of Brick (C 67 - 42 T), and 

Specifications for Hollow Load-Bearing Con- 
crete Masonry Units (C 90 - 39). 


I. REVISION OF TENTATIVE STANDARD 


Tentative Specifications for Glazed 
Building Unils (C 126-39 T).2—Ex- 
tensive revisions of these specifications 
have been under consideration by the 
subcommittee during the past two years. 
The proposed revisions were submitted 
to Committee C-15 about one year ago 
and are now recommended for publica- 
tion as tentative. They are so compre- 
hensive that the specifications were 
rewritten, and the proposed revised 
specifications are appended hereto.* In 
addition to editorial changes, the revised 
specifications include such new features 
as requirements for ceramic glazed units 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee C-15 reported the following 
results of the letter ballot vote of a total of 40 ballots re- 
turned from a committee membership of 60: C 67, affirma- 
tive 36, negative 0, ballots marked “‘not voting” 4;C 90, 
affirmative 35, negative 0, ballots marked ‘‘not voting” 5. 

21942 Book of A.S.T.M. Standards, Part II. 

- 81944 Book of A.S.T.M. Standards, Part IT. 
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of two grades and two types, for the 
important elements of shape and design, 
and for tolerances on dimensions and 
warping. Requirements for compres- 
sive strength were added and those for 
absorption were revised. Only minor 
revisions were made in the methods of 
testing. 


II. Apoprion oF TENTATIVE STANDARD 
AS STANDARD 

Tentative Specifications for Building 
Brick (Made from Clay or Shale) (C 
62-41T).2—The committee recom- 
mends that these tentative specifications 
be approved for reference to letter ballot 
of the Society for adoption as standard 
without revision. 


III. Apoption AS STANDARD OF TENTA- 
TIVE REVISIONS OF STANDARDS 


Specifications for Hollow Load-Bear- 
ing Concrete Masonry Units (C 90 - 39)? 
—The committee recommends that the 
tentative revision? of Section 3, sub- 
mitted in August, 1942, which provides 
for an increase in the compressive 
strength of units exposed to the weather 
and for compliance with the absorption 
requirements irrespective of the nature 
of the exposure, be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard without revision. 

Methods of Sampling and Testing 
Brick (C 67 -41)2—The tentative re 
vision,? submitted in June, 1942, and 
modified August, 1942, is a proposed 
addition published in the Tentative 
Method of Test for Initial Rate of Ab- 
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sorption (Suction) and Efflorescence on 
Brick (C67-42T). The committee 
recommends that the tentative revision 
be approved for reference to letter ballot 
of the Society for adoption as standard 
TABLE I—ANALYSIS OF LETTER BALLOT 


Affi N 
irm-| Nega- | Marke 
Items ative | tive “Not 
Voting” 
I. REVISION OF TENTATIVE 
STANDARD 

Spec. for Glazed 

(C 126-39 T).. 27 0 2 


II. ADOPTION OF 
STANDARD AS STANDARD 


Spec. for Building Brick (Made 
from Clay or Shale) (C 62 - 


III. ADOPTION AS STANDARD OF 
TENTATIVE REVISIONS OF | 
STANDARDS | 

Spec. for Hollow Load-Bearing 
Concrete Masonry Units | 
(C 90 - 39; ASA A79.1-1942).. 27 0 
Methods of Sampling and Test- 
ing Brick (C 67-41; A82.1- 
1942), adoption of C 67 - 42 T, 


nN 


IV. REAFFIRMATION OF 
STANDARDS 

Spec. Concrete Building Brick! 

(C 55 - 37).... 33 0 2 
Spec. for Sand-Lime Building 

Brick (C 73 - 39).. a 0 2 
Spec. for Racdetonat! Clay Floor 

Tile (C 57 - 39).. 33 | #O 
Spec. for Hollow Non-Load-Bear. | 

ing Concrete Masonry Units | | 

(C 129 = 39)...... | 33 0 2 
Spec. for Concrete Masonry | 

Units for Construction of | 

Catch Basins and Manholes | | 

ampling and Testing Structural | | 
Clay Tile (C 112 - 36).. | 33 | 0 2 
Def. of Terms Relating to Struc- | 

tural Clay Tile (C 43 - 36).....| 33 
Sampling and Testing Concrete | | 
Masonry Units (C 140 - 39).. 33 0 | 2 


with a change in the tolerance be the 
water level revising the present value 
“0.0025 in.” to read “0.01 in.” in Section 
1 (c), Note 1, and Section 3 (d). 


IV. REAFFIRMATION OF STANDARDS 

It is recommended that the specifica- 
tions, methods of test, and definitions 
listed under Item IV of Table I be con- 
tinued as standard without revision. 
The recommendations appearing in this 
report have been submitted to letter 
ballot of the committee which consists 


of 51 members; with the results shown i in 
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tile, while still unfinished, is proceeding 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Concrete Units 


(W. G. Kaiser, chairman).—A report 
by R. E. Copeland, Portland Cement 
Association, on an 
methods of preparing header (recessed) 
units for compression tests was made 
available to members of the subcommit- 
tee. The information given in the report 
indicates that the current methods can 
be improved, but no revisions are pro- 
posed at present. 


Subcommittee VIIT on Structural Cley 


Tile (H. C. Plummer, chairman).— 
The drafting of requirements for facing 


more rapidly than heretofore. 
In addition, new studies are under way 
to develop appropriate requirements for 
the various grades and types of tile 
which will enable purchasers to obtain 
products that have the desired char- 


acteristics for each of the most common 


uses. 


investigation of 


The election of officers for the ensuing © 


term of two years resulted in the selec- 

tion of the following: 
Honorary Chairman, J. R. 
Chairman, D. E. Parsons. 


Lawson. 


First Vice-Chairman, Theodore I. Coe. 


Second Vice-Chairman, 
Kaiser. 


Secretary, J. W. Whittemore. 


This report has been submitted to— 


W. G. 


Jetter ballot of the committee which 
consists of 51 members; 32 members 


returned their ballots, all of whom voted — 


affirmatively. 


Respectfully submitted on behalf of 


the committee, 


D. PARsons, 


Chairman. 


J. W. WHITTEMORE, 


Secretary. 


— 


Committee C-16 on Thermal Insulat- 
ing Materials and several of its subcom- 
mittees held meetings on only one occa- 
sion during the past year, on February 
28, 1944, in Cincinnati, Ohio, during the 
Spring Group Meetings of the Society. 
It was planned to hold the regular 
biennial election of officers during this 
meeting but the absence of a quorum 
made this impossible. The report of 
the nominating committee was read and 
the slate of nominees was later approved 
by letter ballot vote in the committee as 
follows: From a membership of 52, 50 
members returned their ballots, unani- 
mously electing the following officers for 
the ensuing term of two years: 

Honorary Chairman, J. H. Walker. 

Chairman, E. T. Cope. 

Vice-Chairman, R. H. Jebens. 

Secretary, Ray ‘Thomas. 

Advisory Committee, P. D. Close, R. 

H. Heilman, and B. A. Hollenbeck. 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
following specifications be accepted for 
publication as tentative. ‘These specifi- 
cations were formerly Emergency Stand- 
ards as indicated in which certain minor 
revisions have been incorporated.! 


Tentative Specifications for: 


85 per cent Magnesia Thermal Insulating Ce- 
ment [formerly issued as Emergency Stand- 
ard ES - 8}, 


' These specifications were accepted as tentative by the 
Society and appear in the 1944 Book of A.S.T.M. Stand- 


ards, Part II. his 
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Asbestos Thermal Insulating Cement [formerly 
issued as Emergency Standard ES-9], 
Mineral Wool Thermal Insulating Cement [for- 
merly issued as Emergency Standard ES — 10}, 
Expanded or Exfoliated Vermiculite Thermal 
Insulating Cement [formerly issued as Emer- 
gency Standard ES - 11], and 
Diatomaceous Silica Thermal Insulating Ce- 
ment, [formerly issued as Emergency Stand- 
ards ES - 12 and ES - 13]. 


II. Abortion OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
definitions and methods of test listed in 
Item II of Table I be approved without 
change for reference to letter ballot of the 
Society for adoption as standard. 


Ill. TENTATIVE STANDARDS CONTINUED 
AS ‘TENTATIVE 


‘The committee recommends that the 
following tentative standards which have 
remained in the tentative status for two 
years or more without revision be con- 
tinued as tentative: 

Tentative Methods of Test for: 

Compressive Strength and Flexural Strength of 
Preformed Block Type Thermal Insulating 
Materials (C 165 - 41 T), 

Covering Capacity and Volume Change Upon 
Drying of Thermal Insulating Cement 
(C 166 - 41 T), and 

Thermal Conductivity of Materials by Means of 
the Guarded Hot Plate (C 177 — 42 T). 


IV. EMERGENCY STANDARDS 


As mentioned earlier in this report, five 
of the emergency specifications under 
the jurisdiction of Committee C-16 are 
being recommended for publication as 


tentative at this Annual 
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The committee recommends that the 
Emergency Specifications for Diatoma- 
ceous Silica Thermal Insulating Cement, 
for Use from 600 to 1200 F. (ES = 12) be 
withdrawn. 

The remaining emergency specifica- 
tions are recommended for continuation 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


| Ballots 


Items Affirm-} Nega- |Marked 
ative | tive | “Not 
Voting” 
I. New TENTATIVE STANDARDS 
Spec. for 85 per cent Magnesia 
Thermal Insulating Cement 43 2 4 
Spec. for Asbestos Thermal In- 
alating Cement 41 4 4 
_for Mineral Wool Thermal 
Cement 41 4 4 
Spec. for Expanded or Exfoli- 
uted Vermiculite Thermal In- 
39 4 6 
for Diatomaceous Silica 
“"Shemnal Insulating Cement. 40 4 5 
Il. ApopTion or TENTATIVE 
STANDARDS AS STANDARD 
npling and Mixing Thermal 
“Insulating Cement (C 163 - 
1T) 42 2 5 
Te A for Bulk Density of Ther- 
mal Insulating Cement (C 164 | 
41 T) 40 | 4 5 
Test for Thickness and Density | | 
of Blanket Type Thermal In- 
ulating Materials (C 167 - 
38 7 4 
Def. of Terms Relating to Ther- 
mal Insulating Materials 


C168-41T)... 42 3 | 4 


“The classified vote on the proposed adoption as 

ndard of the Tentative Methods of Test for Thickness 
i Density of Blanket Type Thermal Insulating Mate- 
ils (C 167 - 41 T) was as follows: Affirmative: 00 pro- 
lucers, 00 consumers, 00 general interests; negative: 4 
roducers, 1 consumer, 2 general interests. 


in their present status without revision, 


as follows: 


Blanket Thermal Insulation for Building Pur- 
poses (ES - 14), 

Blanket Thermal Insulation for Industrial Pur- 
poses (ES — 15), 

Blanket Thermal Insulation for Refrigeration 
Purposes (ES - 16), 

Preformed Pipe Covering Thermal Insulation 
(ES - 17), 

Preformed Block Thermal Insulation (ES - 18), 
and 


structural Insulating Board Thermal Insulation 
(ES - 19). 


Emergency Specifications for: 


On THermat INSULATING MATERIALS 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
52 voting members, 49 members returned 
their ballots, with the results shown i in 
Table I. 


ACTIVITIES OF SUBCOMMITTEES | 


Subcommittee I on Physical Properties — 
of Preformed Block Insulation, Including , 
Pipe Covering (R. H. Jebens, chairman). 
—The subcommittee has under consid- 
eration revisions in the Tentative Meth- 
ods of Test for Compressive Strength 
and Flexural Strength of Preformed | 
Block Type Thermal Insulating Mate- 
rials (C 165 — 41 T) to make them agree- | 
able to all concerned prior to recommend- | 
ing their adoption as standard. 

Subcommittee IT on Physical Properties 
of Insulating Board Made from Both 1 
Mineral and Vegetable Materials (P. D. ) 


Close, chairman).—This subcommittee 
has as its assignment the preparation of 
specifications and test procedures apply- 
ing to insulating board. This work 
entails the determination of the signifi- 
cant physical properties, the selection or 
creation of test procedures that will 
fairly measure these properties, and the 
placing of reasonable numerical limits — 
on the values of the significant proper- 
ties. 

Subcommittee IIT on Physical Proper- _ 
ties of Thermal Insulating Cement (H. W. 

Greider, chairman).—During the past — 
year this subcommittee has revised the — 
Emergency Specifications for Thermal — 
Insulating Cement and is now recom- | 
mending them as revised for publication - 
as tentative. 

Subcommittee 1V on Physical Properties 
of Blanket and Semirigid Insulation Made : 
from Both Mineral and Vegetable Mate- 
rials (R. E. Cryor, chairman).—This 
subcommittee has two problems under 
consideration: (1) to decide what proper- 
ties of blanket and semirigid types of 
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insulation are the most important, and 
(2) how to measure them quantitatively. 
Some progress has been made. It seems 
to be necessary first to study all the 
suggested properties, second to discard 
those obviously unimportant, and third 
to decide on test procedures that will 
fairly evaluate the properties selected. 

Subcommitice V on Physical Properties 
of Loose-Fill Thermal Insulation Made 
from Both Mineral and Vegetable Materials 
(G. J. Christner, chairman).—The work 
being undertaken by this subcommittee is 
ina field in which little quantitative work 
has been done. In consequence the 
desirable characteristics of loose-fill insu- 
lations must first be selected; then test 
procedures to measure these qualities 
must be devised. This work proceeds 
slowly but some progress has been 
made. 

Subcommittee VI, the A.S.T.M. Group 
of the Joint Committee on Thermal Con- 
ductivity of All Forms of Insulation (F.C. 
Houghten, chairman).—No meeting of 
this subcommittee or of the joint com- 
mittee was held during the past year 
because the chairman, Commander 
Houghten, U.S.N.R., has been so 
occupied with work in the U. S. Navy 
that at times took him outside of the 
United States and accordingly the work 
of Subcommittee VI has been held in 
abeyance. 

Subcommittee VII on Measurement of 
Thermal Properties Other than Thermal 
Conductivity of Thermal Insulating Mate- 
rials (C. B. Bradley, chairman).—This 
subcommittee has as its objective the 
standardization of methods of test for 
specific heat, coefficient of linear expan- 
sion, and of other thermal properties of 
heat insulating materials. 

Subcommittee 
Dimensional Standards of Preformed 
Block Insulation (Ray Thomas, chair- 
man).—This group has completed a 


VIIT on Studies of ~ 


study of the present great diversity of 
thicknesses now listed in producers’ cata- 
logs and has formulated a simplified list 
of standard thicknesses that greatly re- 
duces the number of items necessary to 
be carried in stock. This new schedule 
has been submitted to various manufac- 
turers for their consideration. 

Subcommittee IX on Studies of Vapor 
Barriers Applied to Thermal Insulation 
Used Especially in the Air Conditioning 
and Refrigeration Fields (R. H. Heilman, 
chairman).—The program of this sub- 
committee was such that it early became 
apparent that the American Society of 
Heating and Ventilating Engineers and 
the American Society of Refrigerating 
Engineers should be greatly interested 
init. In consequence these two societies 
were invited to participate in this stand- 
ardization work. As a result, both 
societies have joined with Subcommittee 
IX in the formation of a Joint Committee 
on Vapor Barrier Studies. Paul Mc- 
Dermott of Johns-Manville Research 
Laboratories represents A.S.R.E. on 
this joint committee and Lieut. Com- 
mander E. R. Queer, U.S.N.R., repre- 
sents A.S.H.V.E. 

Through the efforts of Lieut. Com- 
mander Queer, the Office of Production, 
Research, and Development of the War 
Production Board became interested in 
the work of this joint committee. A 
definite program of work was prepared 
and the O.P.R.D. is now sponsoring 
work at the University of Michigan in 
which the program outlined is being 
carried out under the direction of the 
Joint Committee on Vapor Barrier 
Studies. This work is progressing in’a 
satisfactory manner. 

Subcommittee X on Editorial Functions 
(B. A. Hollenbeck, chairman).—This 
subcommittee has, as in the previous 
year, conducted its work by correspon- 
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This report has been submitted to Respectfully submitted on behalf of 
letter ballot of the committee which con- the committee, 7 
sists of 52 members; 47 members returned 7 E. T. Corr, 
their ballots, of whom 45 have voted Chairman. 
affirmatively, and 0 negatively. 
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Ray THOMAS, 
Secretary. 
§ 


Subsequent to the Annual Meeting Committee C-16 presented to the Society 
through Committee E-10 on Standards the following recommendations: 


Revision of Tentative Specifications for: 


Expanded or Exfoliated Vermiculite Thermal Insulating Cement (C 196 
44 T), and 


Withdrawal of Emergency Specifications for: 7 


85 Per Cent Magnesia Thermal Insulating Cement (ES — 8), 

Long-Fiber Asbestos Thermal Insulating Cement (ES - 9), ei 

Mineral Wool Thermal Insulating Cement (ES - 10), te 

Expanded or Exfoliated Mica Thermal Insulating Cement (ES — 11), 

Diatomaceous Silica Thermal Insulating Cement, for Use from 600 to 1200 
F, (ES - 12), and Diatomaceous Silica Thermal Insulating Cement, for 
Use from 1200 to 1900 F. (ES - 13), 


The six Emergency Specifications withdrawn were replaced by five new 
tentative specifications accepted by the Society at the Annual Meeting and 
issued under the A.S.T.M. designations C 193, C 194, C 195, C 196 and C 197, 
respectively, as set forth in the annual report. 

These recommendations were accepted by Committee E-10 on August 28, 
1944. The revised and new tentative specifications appear in the 1944 Book of 
A.S.T.M. Standards, Part II. 
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Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products held two 
meetings during the year: on June 30, 
1943, in Pittsburgh, Pa., during the 
Annual Meeting of the Society, and on 
February 29, 1944, during the Spring 
Group Meetings. 

At the June meeting, Committee D-1 
arranged for the presentation of a paper 
by Lt. C. M. Mottley, U.S.N.R., on 
“Statistical Procedure for Testing New 
Paints,” and a paper by Howard R. 
Moore, Philadelphia Navy Yard Test- 
ing Laboratory, on “Comparison of 
Various Methods for Determining the 
Drying Rates of Varnish Films.” 

During the past year Subcommittee 
XXVII on Interior Flat Paint has been 
discontinued. 

H. E. Smith has been appointed repre- 
sentative of Committee D-1 on Com- 
mittee B-3 on Corrosion of Non-Ferrous 
Metals and Alloys, with H. A. Nelson as 
alternate. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, W. T. Pearce. 

Vice Chairman, E. W. Fasig. 

Secretary, C. H. Rose. 

Subsequent to the Annual Meeting, 
Committee D-1 presented to the Society 
through Committee E-10 on Standards 
the following recommendations: 


New Tentative Specifications for: 
Methyl Ethyl Ketone (D 740-43 T), 
1 ASTM BULLETIN, No. 124, Octo 


ber, 1943, p. 19. 
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Red and Brown Iron Oxide Pigments. (D 84- 
43 T), superseding Standard Specifications 
D 84-41, and 

Orange Shellac and Other Lacs (D 237 - 437), 
superseding Standard Specifications D 237 - 
41. 


These recommendations were ac- 
cepted? by Committee E-10 on August 
30, 1943, and the new tentative stand- 
ards appear in the 1943 Supplement to 
Book of A.S.T.M. Standards, Part II. 

On January 31, 1944, Committee E-10 
accepted a new Emergency Method of 
Test for Changes in Protective Proper- 
ties of Organic Coatings on Steel Sur- 
faces When Subjected to Immersion 
(ES — 35), which is available as a sepa- 
rate reprint. 

RECOMMENDATIONS AFFECTING 
STANDARDS 


Of the one adviser and thirteen sub- 
committees each furnished reports of 
progress and six submitted detailed re- 
ports affecting standards as a result of 
which the committee is submitting 
eleven new tentative standards, revision 
of two tentative standards, revision of 
_ three standards for immediate adoption, 
and is recommending the adoption as 
standard of two tentative standards as 
revised and of eight tentative standards 
without revision, and the adoption as 
standard of one tentative revision of a 


2 In submitting these recommendations to Committee 
E-10 on Standards, Committee D-1 reported the following 
results of the letter ballot vote of a total of 101 ballots 
returned from a membership of 222: D 740, affirmative 59, 
negative 0, ballots marked “‘not voting’’ 42; D 8 a0 
D 237, affirmative 60, negative 1, ballots marked “not 
voting’’ 40. 
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TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


a — Ballots 


|Affirm-| Nega- |Marked 
Items ative tive “Not 


I. New TENTATIVE STANDARDS 


c. for Raw Umber........... 69 0 51 
Spec. for Burnt Umber......... 69 0 51 
Spec. for Raw Sienna........... 69 0 51 
Spec. for Burnt Sienna. . ...| 69 0 51 
Spec. for Venetian Red. 72 0 48 

Spec. for Yellow Iron Oxide 

70 | 0 50 
Spec. for Black Synthetic Iron 

70 0 50 
Spec. for Isopropyl Alcohol. . 64 0 56 
Test for Daylight 45 Degree, 0 : 

Degree Reflectance 

of Paint Finishes. .| 67 0 53 
Test for Water in Lacquer, r, Sol- 

vents, and Diluents. . | 67 0 53 
Evaluating the Degree of F lak- 

ing (Scaling) of Exterior Paints 

of the Linseed Oil Type... .. 74 0 46 

II. Revision or TENTATIVE 

STANDARDS 

Def. of Terms Relating to Paint, 

Varnish, Lacquer, and Re- 

lated Products (D 16-42 T). 97 0 23 
Test for Specular Gloss of Paint 

Finishes (D 523-41 T).......| 84 0 36 


III. REVISION OF STANDARD, 
IMMEDIATE ADOPTION 
Chemical Analysis of Dry Red 
Lead (D 49 - 37; ASA K16.1- 
71 0 49 
Sampling and Testing Lacquer 
Solvents and Diluents (D 268 - 
68 2 50 

Spec. for Wood to Be Used as 

Panels in Weathering Tests of 
Paints and Varnishes 358 
77 1 | 42 


IV. or TENTATIVE 
STANDARDS AS STANDARD 


pec. for Basic Sulfate White 


Lead (D 82-421), as revised.| 69 0 51 
Spec. for Isopropyl Acetate 
D 657 - 42 T). 63 0 57 


Sampling and Testing Aluminum 
Powder and Paste (D 480- 
42T). 72 0 48 

Test for C onsistency of Exterior 

House Paints and Enamel-Type 

Paints (D 562-42 T). 73 1 46 

valuating Degree of Chalking 

of Exterior Paints of the Lin- 

seed-Oil Type (D 659 - 42 T) 78 0 42 

Evaluating Degree of C hecking 
of Exterior Paints of the Lin- 
seed-Oil Type (D 660 - 42 T). 77 0 43 

Evaluating Degree of C racking 

of Exterior Paints of the Lin- 

seed-Oil Type (D 661 — 42 T) 77 0 43 

valuating Degree of E rosion 

of Exterior Paints of the Lin- 

seed-Oil Type (D 662 - 42 T) 78 0 42 

Test for Abrasion Resistance of 
Organic Coatings with the Air 
Blast Abrasion Tester (D 658 - 


59 0 ol 


V. ADOPTION AS STANDARD OF 
TENTATIVE REVISION OF 


STANDARD 
ec. for Zinc (D 79 - 41, 
ASA K22-1941)............. 72 0 48 
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Voting” 


standard. The standards affected are 
listed in Table I and the recommenda- 
tions are explained in the reports of the 
subcommittees directly responsible for 
them. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 237 voting mem- 
bers, with the results shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee IT on Drying Oils (Fran- 
cis Scofield, chairman) recommends that 
the Tentative Specifications for Oiticica 
Oil (Permanently Liquid) (D 601 - 41 T) 
be continued as tentative without re- 
vision because very little oiticica oil has 
been available during the past year and 
therefore there has not been adequate 
opportunity to try the tentative speci- 
fications. 

The subcommittee is investigating 
methods of test for dehydrated castor 
oil, bodied linseed oil, and treated oils. 
It is also developing a method of making 
varnish, which will be useful as a method 
for evaluating drying oils, and a method 
for determining the drying time of oils. 

Subcommittee IV on Traffic Paints 
(Anthony Skett, chairman) is progress- 
ing on the selection of photographs to 
show the various stages of erosion of 
traffic paint films and also photographs 
for failure by chipping. The subcom- 
mittee has completed work on the de- 
velopment of laboratory tests to predict 
the road service qualities of traffic 
paints. It is conducting cooperative 
tests on hiding power and on the day and 
night visibilities of traffic paints. A 
study of the bleeding properties of traffic 
paints is being conducted. Preliminary — 
work has indicated that tar paper may 
be advantageously used for the labora- 
tory evaluation of bleeding of traffic 
paints. 

Subcommittee V on Volatile Solvents — 
for Organic Protective Coatings (E. 
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Toby, Jr., chairman) has established the 

following groups: 

_ Group 1 on Solvency Definitions and 
Procedures for the Determination 
of Hydrocarbon Solvency, 

Group 3 on Volatility, 

Group 4 on Turpentine and Related 

Terpene Hydrocarbons, and 

_ Group 5 on New Specifications. 

Group 1 is conducting cooperative 
work on methods for evaluating 
solvency; Group 3 is now working on the 
determination of evaporation rates; and 
Group 5 is considering specifications for 
heavy mineral spirits. 

Subcommittee VI on Definitions (C. H. 
Rose, chairman) recommends that the 
Tentative Definitions of Terms Relating 
to Paint, Varnish, Lacquer, and Related 
Products (D16-42T) be revised as 
appended hereto.* The changes involve 
the addition of new definitions for bleed- 
ing, pigment volume, and bulking value, 
revisions in the definitions for drier, 
vehicle, spreading rate, and baking 
finish, and the omission of four defini- 
tions covering, respectively, United States 
and Imperial gallon, fineness, and specific 
gravity. 

Subcommittee VII on Accelerated Tests 
for Protective Coatings (H. A. Nelson, 
chairman) recommends for publication 
as tentative a Method of Test for Evalu- 
ating the Degree of Flaking (Scaling) of 
Exterior Paints of the Linseed Oil Type.‘ 

The following revision is recommended 
for immediate adoption in the Standard 
Specifications for Wood to be Used as 
Panels in Weathering Tests of Paints 
and Varnishes (D 358 — 38): 

Section 1.—Add the following mini- 
mum thickness requirements: 


In order to minimize warping during expo- 
sure, the following minimum thickness shall 


apply depending on the width or across-the- 


grain dimension * 


31944 Book of A.S.T.M. Standards, Part II. 
« This method was accepted as tentative by the Society 
and opens in the 1944 Book of A.S.T.M. Standards, 


Part 


REPORT OF COMMITTEE D-1 


Minimum Thickness, in. 
Panel Width, in. 
Jhite | Yello 
Cedar Pine | Pine 


* These limitations do not apply to panels made of clap- 
board or siding of commercial types a shall be used as 
regularly marketed. 


The subcommittee recommends that 
the following tentative methods be 
adopted as standard without change: 


Tentative Methods of: 


Evaluating Degree of Chalking of Exterior 
Paints of the Linseed-Oil Type (D 659 - 42), 

Evaluating Degree of Checking of Exterior 
Paints of the Linseed-Oil Type (D 660 - 42T), 

Evaluating Degree of Cracking of Exterior 
Paints of the Linseed-Oil Type (D 661 - 42), 
and 

Evaluating Degree of Erosion of Exterior 
Paints of the Linseed-Oil Type (D 662 - 42T). 


The subcommittee recommends, in 
view of the contemplated changes, that 
the Tentative Method for Preparation 
of Steel Panels for Exposure Tests of 
Enamels for Exterior Service (D 609- 
41 T) be continued as tentative. 

The subcommittee has continued the 
study of steel panels and methods of 
cleaning. It has cooperated with the 
(Juartermaster General’s Office on ques- 
tions concerning the further standardiza- 
tion of a salt spray test method which 
may result in the revision of the Emer- 
gency Method for Conducting Salt 
Spray Tests on Organic Protective 
Coatings (ES-3). The subcommittee 
is also seeking sources for the correlation 
of data on accelerated weathering tests 
and exposure tests. 

Subcommittee VIII on Methods of 
Analysis of Paint Materials (E. F. Hick- 
son, chairman) recommends the adoption 
as standard of the Tentative Methods 
of Sampling and Testing Aluminum 
Powder and Paste (D 480-42 T) and 
the Tentative Method of Test for 
Consistency of Exterior House Paints 
and Enamel-Type Paints (D 562 427). 
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The subcommittee recommends for 
immediate adoption the following revi- 
sion of the Standard Methods of Chemi- 
cal Analysis of Dry Red Lead (D 49 - 
37): 

Section 6.—Add the following to the 
Note at the front of this section: “or 
substances such as metallic lead, which 
reduce PbO, to PbO without the 
liberation of iodine.” The subcom- 
mittee believes that this caution is neces- 
sary in view of the fact that by the 
methods investigated it was definitely 
not possible to make an accurate de- 
termination of red lead in the presence 
of metallic lead. 

Subcommittee IX on Varnish (W. T. 
Pearce, chairman) is studying methods 
for measuring the drying of varnishes 
and alkyd resin finishes. It is also in- 
vestigating improvements in the methods 
for testing alkyd resin solutions. A sur- 
vey is being made of methods of testing 
resins used in varnish-type finishes. 

Subcommittee XIII on Shellac (W. H. 
Gardner, chairman) recommends that 
the Tentative Method of Test for Color 
of Orange Shellac (D29-41T) be 
continued as tentative because con- 
sideration is being given to recommend- 
ing certain changes in this method. 

Subcommittee XV on Specifications for 
Pigments Dry and In Oil When Marketed 
in That Form (C. L. Crockett, chairman) 
recommends for publication as tentative 
seven specifications® covering the follow- 
ing types of pigments: Raw Umber, 
Burnt Umber, Raw Sienna, Burnt 
Sienna, Venetian Red, Yellow Iron 
Oxide Hydrated, and, Black Synthetic 
[ron Oxide. 

The subcommittee recommends the 
adoption as standard of the tentative 


‘These specifications were accepted as tentative 


the Society and appear in the 1944 Book of A.S.T. Wy 


3 Supplement to Book of A.S.T.M. Standards, 


4 


revision® of the Standard Specifications 
for Zinc Oxide (D 79 - 41). 

The subcommittee recommends the 
adoption as standard of the Tentative 
Specifications for Basic Sulfate White 
Lead (D 82-42 T), revised as follows: 

Section 2 (a).—Change the minimum 
requirement for lead oxide from “11.0” 
to read “15.0” per cent. 

The subcommittee is reviewing all the 
specifications for pigments looking 
toward bringing them up to date and in 


line with the materials offered to the © 


trade. 

Subcommittee X VIII on Physical Prop- 
erties of Materials (M. Rea Paul, 
chairman) recommends the adoption as 
standard of the Tentative Method of 
Test for Spectral Characteristics and 
Color of Objects and Materials (D 307 — 
42 T), revised as follows: 

Section 2 (c)—Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: “Spectral Irradiance, E,.— 
The density of radiant flux incident on an 
element of surface [per unit area] per 
unit wave length.” 

The subcommittee recommends a re- 
vision of the Tentative Method of Test 
for Specular Gloss of Paint Finishes 
(D 523-41T). This consists of a pro- 
cedure for the comparison of the gloss 
of surfaces of low and medium gloss for 
all surfaces in any group have approxi- 
mately the same diffuse reflectance. 
The changes are as follows: 

Section 1.—In the first sentence, 
change “‘two procedures” to read “three 
procedures” and add the following para- 
graph at the end of this section: 


Procedure C may be used for the routine com- 
parison of the gloss of surfaces of low and 
medium gloss where all surfaces in any group 
have approximately the same diffuse reflectance. 


Section 2.—Change footnote 4 to read 


as follows: 
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‘Interchange of source and receptor is per- 
missible. It should be noted that procedure C 
does not measure the quantity here defined be- 
cause it does not provide for subtracting the 
brightness of the sample when viewed normally 
from the brightness when viewed in the direc- 
tion of specular reflection. As noted above, 
however, procedure C has been designed for the 
rapid gloss comparison of surfaces of approxi- 
mately the same diffuse reflectance. 


Section 3 (b).—Add the following to 
the last sentence: “except in instru- 
ments designed only for measurements 
according to procedure C.” 

Section 4.—Add a new Paragraph (c) 
to read as follows: 


(c) Procedure C.—¥or measurements of specu- 
lar gloss according to procedure C, the 60 deg. 
illuminating and —60deg. viewing conditions 
specified for procedure A shall be used. Values 
of specular gloss according to procedure C are 
a therefore always higher than values for the same 
specimens according to procedure A by the 
amounts of the diffuse corrections required by 
procedure A. 


Section 6 (b).—Change the phrase 
“For measurement in accordance with 
procedure A” to read “For measurement 
_in accordance with procedures A or C.” 
The subcommittee recommends for 
publication as tentative the Method of 
Test for Daylight 45 Degree, 0 Degree, 
Apparent Reflectance of Paint Finishes.‘ 
The subcommittee has initiated work 
on the development of a method for 
measuring infrared reflectance. 
Subcommittee X XV on Cellulosic Coat- 
ings and Related Materials (R. M. 
Carter, chairman) recommends that the 
Tentative Specifications for Isopropyl 
Acetate (D 657-42 T) and the Tenta- 
tive Method of Test for Abrasion Re- 
sistance of Organic Coatings with the 
Air Blast Abrasion ‘Tester (D 658 — 
42 T) be adopted as standard. 


Report OF COMMITTEE D-l 


The subcommittee *recommends for 
immediate adoption the following revi- 
sion of the Standard Methods of 
Sampling and Testing Lacquer Solvents 
and Diluents (D 268 — 42): 

Section 11.—Add the following note 
at the end of this section: “Note.—Any 
suitable aqueous alkali may be used in 
place of aqueous KOH.” 

This action will permit the use of 
ordinary aqueous NaOH. 

Section 21.—In the first sentence, 
change “100-g.” to read “25-g.” and 
“16 hr.” to read “3 hr.” 

This change makes a speedier de- 
termination possible. 

The subcommittee recommends for 
publication as tentative Specifications 
for Isopropyl Alcohol’ and a Method of 
Test for Water in Lacquer, Solvents, and 
Diluents.! 

On June 30, 1943, Committee D-1 
approved changing the name of this 
subcommittee to Subcommittee on Cellu- 
losic Coatings and Related Materials. 
A new working group on noncellulosic 
coatings has been established within the 
subcommittee. This group will study 
methods of test and specifications for 
materials other than cellulosic of a 
resin, plastic or polymeric nature, which 
are now being used to prepare protective 
coatings. 

Subcommittee XXIX on Painting of 
Structural Tron and Steel (A. J. Eickhofi, 
chairman) has been studying the effect 
of chemical pretreatment of rusted, 
sandblasted, and semirusted panels. 
Treated and painted panels which had 
been on exposure have been retreated 
and repainted with materials which 
had been used in the previous test. The 
object of this work is to study the effect 
of retreating painted, weathered panels 
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with chemical treatments prior to re- Respectfully submitted on behalf of 


painting. the committee, 
f 
This report has been submitted to H. E. Smita, — 


letter ballot of the committee which Chairman. 
consists of 237 voting members; 120 M. Rea Paut, 

members returned their ballots, of whom Secretary. 

9) have voted affirmatively, and 0 C.H. Rosse, 

negatively. Assistant Secretary. 


Subsequent to the Annual Meeting Committee D-1 presented to the Society 
through Committee E-10 on Standards the following recommendations: 


Revised Tentative Specifications for: 


Wood to be Used as Panels in Weather Tests of Paints and Varnishes (D 358 
~44 T), to supersede Standard Specifications D 358-44, 


Tentative Revision of Standard Specifications for: 


Zinc Sulfide Pigments (D 477 - 41), OO 


Withdrawal of Emergency Method for: 
Conducting Salt Spray Tests on Organic Protective Coatings (ES — 3), and 
New Tentative Methods of: 


Sampling and Testing Turpentine (D 233 —- 44 T), to supersede Standard 
Methods D 233 — 36. 


The first two recommendations were accepted by Committee E-10 on August 
28, 1944, and the tentative specifications and tentative revision appear in the 
1944 Book of A.S.T.M. Standards, Part II. 

On September 27, 1944, the Standards Committee accepted the recom- 
mendation of Committee D-1 that Emergency Method ES — 3 be withdrawn, 
and on October 30, 1944, accepted proposed Tentative Methods D 233 — 44 T 
which also appear in the 1944 Book of A.S.T.M. Standards, Part II. 
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REPORT OF COMMITTEE D-2 
ON 
PETROLEUM PRODUCTS AND LUBRICANTS 


Committee D-2 on Petroleum Prod- 
ucts and Lubricants held three regular 
meetings during the past year (in June 
at Pittsburgh, Pa., in January at 
Detroit, Mich., and in March at Cin- 
cinnati, Ohio). 

During the year Subcommittee XXV 
on Analysis of Petroleum Products for 
Hydrocarbon Types organized four new 
sections on the following subjects: Sec- 
tion A on Determination of Total Olefins 


TABLE I. 


A.S.T.M. 
Title Designation 


New American STANDARDS 
Test for Carbonizable Sub- 
stances in Paraffin Wax. D 612 - 43 | Z11.50—1943 
Test for Carbonizable Sub- 
stances in White Mineral 
Oil —_ uid Petrolatum) D 565 - 43 | Z11.49—1943 
Test for Dropping Point of 
Lubricating Grease. ; Z11.51—1943 


REVISION OF AMERICAN a 
STANDARDS 

Test for Vapor Pressure of =< 

Petroleum Products (Reid aA 

Method) D 323 - 43 | Z11.44—1943 

Charts for 

leum Products. . .| D 341-43 | Z11.39—1943 


and Aromatics by Acid ‘Treatment 
(S. S. Kurtz, Jr., chairman); Section B on 
Determination of Olefinic Unsaturation 
by Chemical Methods (E. T. Scafe, 
chairman); Section C on Use of Ad- 
sorbents in Hydrocarbon Analysis (F. D. 
Rossini, chairman); and Section D on 
Refractive Index, Dispersion, and Den- 
sity (F. D. Tuemmler, chairman). 
Section VIII on Aviation Gasoline 
Specifications of Technical Committee A 


on Gasoline was discharged as it is im- 
practicable to continue this activity 
under wartime conditions. 

Table I shows the changes in status 
during the year of American Standards 
for petroleum products, approved by the 
American Standards Association on the 
recommendation of Sectional Committee 
Z11 on Petroleum Products and Lubr:- 
cants. 

Subcommittee VI on Color (H. M. 
Hancock, chairman), at the request of 
the U. S. Army Ordnance Dept., pre- 
pared an Emergency Method of Test for 
Color of U. S. Army Motor Fuel (All 
Purpose) by Means of an A.S.T.M. Color 
Standard which was accepted by Conm- 
mittee E-10 on August 24, 1943, and 
assigned the designation ES — 32. 

Subcommittee VII on Sulfur Deter- 
mination (H. M. Hancock, chairman) 
has determined cooperatively the sulfur 
content of five oils in accordance with the 
Standard Method of Test for Sulfur in 
Petroleum Oils by Bomb Method 
(D 129-39). The sulfur in these oils 
ranged from less than 0.10 to more than 
2.5 per cent. The data indicate (se 

“Table II) that the reproducibility as de- 
scribed in the method is not reasonable 
for oils with very low sulfur content and 
the subcommittee recommends that Sec- 
tion 6 be revised as described later 
this report. 

Subcommittee XI on Inorganic He 
ments in Lubricants (Raymond Haskell, 
chairman) has developed methods of test 
for sulfur, chlorine, phosphorus and 
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TABLE II.—RESULTS OF COOPERATIVE DETERMINATIONS OF SULFUR BY METHOD D 129 - 39. 


Sulfur, per cent 


ple A, Sample B, 
U.S.P. White Coastal Oil, 
Oil, 340 sec., | 750 sec., Saybolt Sample C, 
Saybolt Univer- Universal Topped Crude 
sal Viscosity Viscosity 
at 100 F. at 100 F. 
A B A B 
Laboratory 1 0.02 | 0.03 | 0.61 | 0.67) 1.12 1.13? 
0.03 | 0.04 | 0.57. | 0.575] 1.11 1.23° 
A 0.03 | 0.05 | 0.542 | 0.63 1.06° | 1.19 
Average............ Sere 0.03 | 0.04 | 0.57 | 0.62 | 1.10 | 1.18 
Laboratory 2 0.05 | 0.01 0.61 | 0.54 | 1.118] 1.03 
0.06 | 0.02 | 0.58 | 0.49% | 1.17%] 1.07 
0.06 | 0.02 | 0.60 | 0.52 1.14 1.05 
Laboratory 3 0.04 0.05 0.53 0.53 1.12 1.13 
0.03 | 0.04 | 0.56 | 0.53 1.13 1.15 
0.03 | 0.04 | 0.54 | 0.51 1.10 1.11 
0.04 0.54 0.52 1.82 1.13 
Laboratory 4 0.06 | 0.03 0.59 | 0.64% | 1.14 1.14 
0.06 | 0.03 | 0.59 | 0.58 1.12 1.13 
0.05 | 0.03 | 0.59 | 0.59 1.10 | 1.14 
0.06 0.03 0.59 0.60 1.12 1.14 
Laboratory 5 0.07% | 0.03 0.51° | 0.56 1.12 1.05 
.% 0.04 -. | 0.53 | 0.56 | 1.09 | 1.05 
0.05 0.59 | ... 1.13 
Ce 0.05 | 0.03 | 0.54 | 0.56 | 1.11 1.05 
Laboratory 6..............05. 0.07 | 0.06 | 0.58 | 0.57 1.09 1.13 
0.05 | 0.06 | 0.58 | 0.59 1.07 1.15 
0.06 0.06 0.58 0.58 1.0) 1.14 
Laboratory 7 * 0.04 0.03 0.58 0.58 1.13 1.12 
7 0.03 | 0.03 | 0.57 | 0.62 | 1.13 | 1.13 
7 0.04 | 0.03 | 0.56 | 0.60 | 1.15 | 1.15 
Average..... Pano ae 0.04 | 0.03 | 0.57 | 0.60 | 1.14 | 1.13 
Laboratory 8 0.04 | 0.08 | 0.56 | 0.56 | 1.09 | 1.13 
0.04 | 0.06 | 0.55 | 0.56 | 1.10 | 1.16 
0.05 | 0.07 | 0.58 | 0.529} 1.12 1.12 
Average..................| 0.04 | 0.07 | 0.56 | 0.55 1.10 | 1.14 
Grand Average................ 0.04 0.57 1.12 
Average Deviation........... 0.01 0.02 0.03 
Maximum Deviation.......... 0.03 0.05° 0.074 


‘ The letters A and B represent different operators in each laboratory. 
Exceeds deviations for one operator in proposed revisions. 
Three instances where deviation is greater than 0.04 as specified in proposed revision. 


Three instances where deviation is greater than 0.05 as specified in proposed revision. 
7 aree instances where deviation is greater than 0.07 as specified in proposed revision. 


Five instances where deviation is greater than 0.07 as specified in proposed revision. 


metals in lubricating oils which has re- 
sulted in the publication of four emerg- 
ency methods of test and one emergency 


alternate provision as follows: 


Emergency Alternate Provisions in: 


Standard Method of Test for Sulfur in Petroleum 
Oils by Bomb Method (EA - D 129) 


(ES — 36), 


(ES - 38), and 


Metals in Lubricating Oils (ES - 39). 

The cooperative data obtained by the 
use of these methods are presented in 
‘Tables III to VI. 


Emergency Methods of Test for: 
Chlorine in Lubricating Oils by Bomb Method 


Phosphorus in Lubricating Oils (ES — 37), 
Lead, Copper, and Iron in Lubricating Oils — 


Sample E, 
Sample D, West Texas 
No. 6 Fuel Oil | Crude Resid- 
uum 
A B A B 
2.118 1.93) 2.777 | 2.96 
2.00 | 397 
1.875 | 2.166 | 2.90° | 2.95 
2.03 | 2.07 | 2.85 | 2.96 : 
2.10 1.95 2.92 2.78 " 
2.12 | 2.02 | 2.98 | 2.77 7 
2.11 | 1.98 | 2.95 | 2.78 
2.14 | 2.04 | 2.90 | 2.91 
2.10 | 2.06 | 2.93 | 2.93 f 
2.09 | 2.03 | 2.91 | 2.91 
2.11 | 2.08 | 2.91 | 2.92 
2.23" | 2.16 | 2.97 | 2.98 
2.17 2.15 2.97 2.96 
2.149 | 2.18 | 2.96 | 2.97 7 
2.18 | 2.16 | 2.97 | 2.97 
2.06" | 2.10 2.80 2.79 
2.11 | 2.07 | 2.77 | 2.80 
2.10 | 2.08 | 2.80 | 2.80 
2.14 | 2.09 | 2.95 | 2.87 
2.12 | 2.07 | 2.92 | 3.87 
2.13 | 2.08 | 2.94 | 2.87 
q 
2.10” | 2.15? | 2.98 | 2.99 
2.15. | 2.26] 2.96 | 3.05% 
2.21" | 2.23 | 2.98 | 2.98 
2.15 | 2.28 | 2.97 | 3.02 
2.10 | 2.10 | 2.78 | 2.82 7 
2.13 | 2.12 | 2.81 | 2.87 
2.14 | 2.04% |) 2.86 | 2.84 
29) | 2 2.82 | 2.84 
2.10 2.90 
0.04 0.06 
0.12¢ 0.12/ 
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TABLE III.—RESULTS OF COOPERATIVE DETERMINATIONS OF og AND CHLORINE BY 


EMERGENCY METHODS EA-D 129 AND ES - 36 


7 


Laboratory 


Average... 


-Sample.. 
Laboratory 
1 
Average. 


4 
_ Laboratory 
2 


Average.. 
Laboratory 


Average.. 


_ Laboratory 
7 


Average... 


_ Laboratory 
8 


Average... 
Laboratory 


9 
Grand Aver- 
age 
Average De- 
viation.. 
Maximum 
Deviation. 
Percentage 


Percentage Present. 


Average Deviation.... 


Maximum Deviation.. 


Sample S-20 


Chlorine, 


Sulfur, | 
per cent? 


per cent 


0.50 2.03 V4 
0.51 2.08 V4 
0.55 1.98 V 
1.92 G 


0.69° 
0.53 
0.56 
0.54 
0.53 


0.53 1.97 

0.016 0.049 

0.03 +0.11 
| 2.04 


| 0.58 


Sulfur, 
per cent 


| Sample S-21 


0.36 0.38 V4 
0.36 0.37 V4 
0.39 0.30V 
0.29 G 


0.39 0.32 

0.037 0.029 
+0.07 +0.06 

0.44 0.31 


Sample S-22 Sample S-23 
Sulfur, | Chlorine, | Sulfur, | Chlorine, 
percent | percent percent | per cen 


2.37° 
2.044 
2.044 


-96 


0.41 V 


2.00 

1.95 0.36 V 
1.874 0.31 v4 
th 0.33 


1.98 0.38 

0.05 0.039 
—0.11 +0.08 

1 0.30 


2.004 1. 
2.08 2.09 y4 
2.05 1.90) 
1.88 


1.91V 
2.30 V° 


2.06 1.95 
0.019 0.044 
—0.06 +0.14 
2.00 1.92 


@ All results are averages of two or more 2 individual determinations. 

V indicates volumetric determination and G indicates gravimetric determination 
© Not included in averages. 
Outside permissible deviation of the emergency method. 


Phosphorus, per cent 


TABLE IV.—RESULTS OF COOPERATIVE DETERMINATIONS OF PHOSPHORUS BY METHOD ES - 37, 


S-2 S-3 


S-6 


0.001 
0.001 


0.001 


0.002 
0.001 


0.0015 


0.093 
0.094 


0.148 
0.148 


0.0935]0.148] 0.035 
0.095 |0.16 | 0.043? 
0.091 |0.15 


0.0012 
0.00025 


Present 


0.001 


0.152 
0.003 
—0.0026 


0.0715° | 0.069 
0.09% 0.070 
0.08¢ 


0.085? 


S-7 


S-8 


0.098 


0.078 0.068 

0.007 0.0015 
—0.003 

0.070 0.070 


0.090 {0.150 


0.201 


370 


0.099 


S-9 S-20 S-21 S-22 $-23 
0.197 0.12 0.44 0.39 
0.20° 0.12 0.44 0.41 
0.195 12 0.44 0.40 


0.197 
0.0017 
+0.003 


0.667) 0,199 


@ Outside permissible deviation of the emergency method for one operator and apparatus. 
; ¥ Outside permissible deviation of the emergency method for different operators and apparatus. 


0.114 | 0.431} 0.5% 
0.0048 | 0.007 | 
—0.008 |—0.0011)+0.0 
0.117 | 0.42 | OM 


Sample S-8 


S-7 


Sample 


Sample S-9 


Lead, 


ee 1.95G 0.41 0.30G 0.36 G 2.05 
7 1.96 V 0.444 0.50 V° 1.95 0.46 V4 2.06 1.95V 
1.94G 0.47 G° 0.44 G4 1.96G 
1.88V4 | 0.464 0.30 V 2.02 0.35 V 2.09 
; 
S-1 | s-4 S-5 = 
| | 0.1949 | 0.095¢ | 0.432 | 0.30 
0.034 {0.071 0.069 |0.202/0.095|m66 | 0.197 | 0.115 | 0.418] 0.3% 
0.036 |0.072 0.069 | 0.202 | 0.119 | 0.422 0m 
0.200 | 0.117 0.420 | 0.3% 
| 0.093]... | 0.033% 0.065? |... |... |... 
kee 
|| 
. 
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TABLE VI.—-RESULTS OF COOPERATIVE DETERMINATIONS OF BARIUM, ALUMINUM, CALCIUM, 
MAGNESIUM, ZINC, TIN, AND SILICON BY EMERGENCY METHOD ES - 39. 
Sample S-8 Sample S-9 
Bari- | Alumi-| Cal- Bari- | Alumi-| Cal- | Magne- 
um, num, | cium, | um, num, | cium, | sium, Zinc, t Tin, \ Silicon, ’ 
per cent|per cent! per cent per cent! per cent/per cent|per Cent) per cent per cent 
Laboratory 3 0.262 0.068 0.097 0.288 0.105 0.195 0.189 0.556 0.232 0.055 t 
0.281 0.070 ea 0.285 0.104 0.197 0.156 0.531 0.216 | 0.00 
| 0.198 | 0.204 | 0.475 | 0.231 | 0.019 
0.201 0.201 0.478 0.216 | 0.028 
ING birdixa0d cones | 0.272 0.069 0.097 0.286 | 0.104 0.198 0.188 0.510 0.224} 0. 6 
Laboratory 4 0.260 0.050 0.125 0.280 0.030 0.206 0.181 0.360 0 
Laboratory 5 I 
0.280 0.037 0.093 0.293 0.039 0.194 0.193 0.494 0.240 | 0.038 
i ; 0.279 0.051 0.193 0.196 0.465 0.238 | 0.032 a 
0.286 0.065 0.301 0.235 0.035 ( 
0.27 0.035 | 0.092 0.286 | 0.052 0.194 0.238 | 0.035 h 
Laboratory 8 0.24 0.030 0.095 oa 0.042 0.20 0.21 0.82 0.24 0.02 ti 
0.21 0.050 | 0.076 se 0.052 | 0.20 0.21 0.75 0.24 0.03 
0 0.050 | 0.086 tl 
ee, 0.043 0.086 0.047 0.20 0.21 0.78 -24 0.025 
Laboratory 10 0.277 0.067 0.093 0.292 0.064 0.203 0.202 0.46 0.22 0.13 m 
> eres 0.282 0.074 wie 0.294 0.075 0.208 0.207 0.536 0.24 0.11 T 
. ee 0.070 0.205 0.192 0.589 0.22 0.051 
incisor ssenaeens 0.280 | 0.070 0.093 0.293 0.068 0.205 0.200 0.528 0.227 | 0.088 tr 
Grand Average 0.263 | 0.053 0.099 0.286 0.060 0.201 0.195 0.520 0.232 | 0.047 
Average Deviation....... ..| 0.017 0.013 0.011 0.003 0.021 0.004 0.010 0.108 0.007 | 0.020 lis 
Maximum Deviation.......... —0.040 |—0.018 |+0.026 |+0.007 |4+0.044 |—0.007 |+0.015 |4+0.26 |+0.008 |+0.041 
Percentage Present.... ; 0.297 | 0.075 | 0.198 | 0.197 | 0.494] 0.247 | 0.030 
TABLE VII.—EFFECT OF BACK TITRATION ON ACID NUMBER BY METHOD D 663. Te 
mi 
Back Titration Back Titration A 
No Back (After 50 per cent No Back (After 50 per Ay 
Titration Overrun of Titgation cent Overrun 
Laboratory KOH) Laboratory of KOH 
Aver- Aver- Aver- 
age Average age ag | 
SAMPLE S3 - 43 
0.89}1.14]1.17] .. 1.16 0.82] 0.82] 0.90] 0.95} 0.9 
0.70)1.3110.93) .. 1.12 1.06} 1.02] 0.81] 1.02) 0.” 
1.13)1.41]1.47) .. 1.44 1.07} 1.07] 1.07] 1.13] 1.10 
1.74 0.96] 0.96} 1.08] 1.09) 1.0 
...) 1.47 0.85] 0.87] 0.95] 0.98] 0.% gag 
0.73)1.40/1.45) . 1.43 0.65} 0.65) 1.27] 1.27] 1.27 
1.11]1.43]1.38] 1.41 0.94] 0.93] 1.02] 0.97] 1.0 Bu 
— ——|| Average.............. 0.90 1.4 
0.96 .| 1.37]| Average Deviation... 0.10 0.10 
Average Deviation... 0.15 ..| 0.17]| Maximum Deviation. —0.25 ope 
Maximum Deviation . —0.26 ..|+0.37 the 
43 Ins 
.. 1.22 1 0.18)0.15] 0.17] 0.17 on 
0.9910.90} 0.95)1.03/0.84) . 0.94 0.16 0.16} 0.21] ... 
1.24|1.30] 1.27]1.64|1.75 1.70 3.. 0.34|0.28] 0.31] 0.34] 0. the 
4 1.47|1.44 |1.97]2.02 2.00 4 0.21)0.27] ... 0.38) 0. 
0.98)1.05| 1.47 0.23)0.25) 0.24) 0.28] 0. H 
0.80}0.81) 1.59 0.20/0.20} 0.20) 0.47) 0. yi 
1.25)1.61]1.53 1.57 0.25}0.23} 0.24] 0.25) 0. S 
Average Deviation...| ...} 0.20 0.25|| Average Deviation... ..| 0.04 
Maximum Deviation | ...| ...}4+0.36 —0.56|| Maximum Deviation. 140.09 TS 
leum 
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Subcommittee XIII on Neutralization 
Number and Saponification (H. P. Fergu- 
son, chairman) has conducted tests using 
the Tentative Method of Test for Neu- 
tralization Number of Petroleum Prod- 
ucts by Color-Indicator Titration (D 
663-42 T) both with and without the 
optional back titration with diluted 
H,SO,. These tests show that results 
are not the same by the two procedures 
(see Table VII) and the subcommittee 
has recommended that the optional back 
titration with H,SO, be omitted from 
the method. 

The subcommittee further recom- 
mends that the Proposed Method of 
Test for Saponification Number of Pe- 
troleum Products by Electrometric Ti- 
tration, published as an appendix to the 
1943 report of the committee, be repub- 
lished as information.' 

Subcommittee XV on Sampling and 
Gaging (A. E. Flowers, chairman) is 
recommending for publication as infor- 
mation the following, which appear in 
Appendices I and II of this report: 

(a) Conversion Table for Petroleum 
Oils of Metric Tons in Vacuo to Long 
and Short Tons in Air, and 

(b) Oil Measurement (A statement 
of principles that have been accepted 
for methods of oil measurement). 

This subcommittee has a group on 
gaging under the chairmanship of L. C. 
Burroughs in which these recommenda- 
tions originated. This group is co- 
operating with a corresponding group in 
the standardization committee of the 
Institute of Petroleum, Subcommittee 1 
on Measurement and Sampling under 
the chairmanship of H. Hyams. The 
conversion table originated in Mr. 
Hyams’ subcommittee. 

Subcommittee XVIII on Aniline Point 
(Eugene Ayres, chairman) has conducted 


me special compilation “A.S.T.M. Standards on Petro- 


ucts,’’ October, 1944; also Proceedings, Am. S 
esting Mats, ‘Vol. 43, p. 265 (1943). 
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cooperative testing on a method for de- 
termining the mixed aniline point of 
high-solvency fractions using n-heptane 
as diluent. This method is recommended 
for incorporation in the Tentative 
Method of Test for Aniline Point of — 
Petroleum Products (D 611 - 43 T) as 
described later. The experimental data 
are contained in Table VIII. 
Subcommiliee XXIV on Petroleum 
Sulfonates (V. F. Beyer, chairman) has 
developed a Proposed Method of Test 
for Analysis of Petroleum Sulfonates and 
recommended that the method be pub- 


TABLE _VIII.-SUMMARY OF DATA ON MIXED 
ANILINE POINT TESTS OF HIGH-SOLVENCY 
__ FRACTIONS USING n-HEPTANE AS DILUENT. ; 
the 0.6 C. proposed as the reproducibility of the method | 
for mixed aniline points. 
lished as information only. This method 
appears as Appendix III to this report. 
Special Subcommittee on Coordination — 
of Test Methods (F. D. Tuemmler, chair- 
man) has prepared “Recommendations — 
on the Form of A.S.T.M. Methods of 7 
Test for Petroleum Products and Lubri- — 
cants,” supplementary to the Society’s 
general “Recommendations on the Form 
of Standards.” It has proposed that — 
this statement be made readily avail- | 
able for use by members of Committee — 
D-2 in the preparation of new and re-— 
vised methods of test. These recom- 


mendations on form are accordingly 
being published in the 1944 compilation 


Mixed Aniline Point, deg. Cent.* 


High 

Solvency | Solvency 

Laboratory Naphtha | Naphtha Xylene 

x Y 

Bice 31.7 28.8 14.5 
32.6 28.9 14.9 
| 32.4 29.0 15.4 
= 32.6 28.8 15.1 
Bias 32.8 29.0 15.2 
6... 33.3 28.9 15.6 
| 32.9 29.1 15.4 
| 32.9 29.2 16.0 

Average deviation....... 0.3 0.1 0.3 

Maximum deviation..... 0.9 0.2 0.8 


@ Fach value in this table represents the average of 
two or more determinations that differ from their mean by 
not more than 0.2 C. Of these values, four (17 per cent) 
differ from the average of all laboratories by more than 


licon, | 
r cent 
0.055 | 
0.00 | 
0.019 | 
0.028 | 
0.04 
| 0.088 
0.047 
0.020 
+0.041 
0.030 
Titration | 
r 50 per 
Overrun 
KOH) 
1.02 
1.13 
1.09 
0.98 
1.27 
0.97 
| 
0.15} 
| OF 
0.28) 0. 
0.39) 0. 
0.25] 
| 0.44) 9 
0 
| 
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of “A.S.T.M. Standards on Petroleum 
Products and Lubricants.” 

Technical Committee A on Gasoline 
(C. B. Veal, chairman) is recommending 
that the Proposed Method of Test for 
Potential Gum in Aviation Gasoline, 
published in 1942, be revised as shown 
in the Appendix 1V to conform to latest 
developments and published again for 
information only. 


I. REVISIONS OF TENTATIVE STANDARDS 


The committee recommends revision 
of six tentative standards as follows: 

Tentative Method of Test for Aniline 
Point of Petroleum Products (D 611 - 
43 T).2—A revision of the method, pri- 
marily to provide a procedure for mixed 
aniline points for high-solvency petro- 
leum fractions using n-heptane as diluent, 
is recommended by Subcommittee XVIII 
on Aniline Point (Eugene Ayres, chair- 
men). ‘The revised method is appended .* 

Tentative Method of Test for Consist- 
ency of Lubricating Greases and Petro- 
latum (D 217 — 38 T).*—A revision of the 
method* separating the procedures for 
grease and petrolatum and incorporat- 
ing minor changes is recommended by 
Subcommittee IV on Grease (F. E. 
Rosenstiehl, acting chairman). The re- 
vised method is appended.* 

Tentative Method of Test for Knock 
Characteristics of Aviation Fuels (D 614 - 
43 T).2—The following revisions are 
recommended by Section IV on Detona- 
tion (D. B. Brooks, chairman) of Techni- 
cal Committee A: 

Section 5 (n).—Change title to read 
“Fuel-Air Ratio for Maximum Thermal- 
Plug Temperature.” 

Section 5 (p).—Change lines 8 to 11 to 
read: “. .. until equal thermal-plug tem- 
peratures are obtained for the two fuels 
in a mean of three alternate compari- 


" 2 oe Supplement to Book of A.S.T.M. Standards, 
art 

31944 Book of A.S. T.M. Standards, Part III 

*1942 Book of A.S.T.M. Standards, Part III. 
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sons, within a tolerance of 1.0F. (0.6 
C).” Also in lines 13 and 14 change 
“maximum knock mixture’ to “the fuel- 
air ratio for maximum knock.” 

Section 7 (a).—In lines 12 and 13, 
change “mixture adjustment” to “re- 
adjustment of fuel-air ratio.” 

Section 7 (b).—Change title to “Ad- 
justment of Fuel-Air Ratio.” In item 
(2), line 3 change “air-fuel” to “fuel- 
air,” in item (3), line 5 change “mix- 
tures” to “fuel-air ratios,” in item (4), 
line 6 change “maximum knock mixture” 
to “maximum thermal-plug tempera- 
ture,” and in line 11 delete “for maxi- 
mum knock mixture.” 

Section 8 (b).—Change to ‘“Adjust- 
ment of Fuel-Air Ratio.—The fuel level 
shall then be adjusted to obtain maxi- 
mum thermal-plug temperature as de- 
scribed in Section 7 ().” 

Section 8 (c).—In lines 3 and 4 change 
“sample” to “fuel’’; in lines 6 and 7 
change “its maximum knock mixture” 
to “the fuel-air ratio for maximum 
thermal-plug temperature.” 

Section 9 (a).—In line 1 change 
“sample” to “fuel.” 

Section 9 (b).—Change from its present 
form: namely, 

(b) The rating of the test fuel shall be ob- 


tained by interpolation between the thermal-plug 
temperatures for the bracketing reference fuels. 


to read as follows: 


(b) The thermal-plug temperature readings 
shall be averaged for the test fuel and for each 
of the reference fuel blends. The rating of the 
test fuel shall be found by interpolation from the 
averages so obtained. 


Section 12.—In line 6 change “sam- 
ples” to “fuels.” 

Section AG (c).—Change to read as 
follows: “Valve Guides——Cast iron. As 
installed, the difference in diameter be 
tween the valve stem and its guide shall 
be 0.0025 + 0.0005 in. for the intake 
valve and 0.0035 + 0.0005 in. for the 
exhaust valve.” 
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Section A5 (a).—At the end of the 
present section, add the following para- 
graph: ‘As a safety precaution, a suit- 
able water manometer may be con- 
nected to the air outlet pipe of the ice 
tower. A differential pressure appre- 
ciably in excess of 0.5 in. of water indi- 
cates undue restriction of the air flow, 
resulting from improper condition of the 
ice or plugging of the drain trap.” 

Section A5 (e).—Change from its pres- 
ent form: namely, 


(e) Carburetor Shields —A metal heat-insulat- 
ing shield is inserted between the mixture heater 
and the carburetor with the concave side toward 
the manifold. A special copper-asbestos heat- 
insulating gasket 0.375 in. in thickness is used 
between the shield and the manifold and a 


standard copper-asbestos gasket betw een _ the 
shield and the carburetor. 


to read as follows: 


(e) A polished stainless steel heat shield is 
installed between the carburetor and the intake 
manifold; with the curved section at the bottom, 
and with the concave side thereof toward the 
manifold. A standard copper-asbestos gasket 
isinserted between the shield and the carburetor, 
and a special copper-asbestos heat-insulating 
gasket 0.375 in. in thickness is used between the 
shield and the manifold. 


Section A12.—From the end of the 
first sentence delete the phrase “resting, 
if possible, directly on the ground,” and 
add the following sentence: “If at all 
possible, the engine should be located 
on the ground floor, and the foundation 
preferably should rest directly on the 
ground,” 

Section A13 (g).—Add a new sentence 
to read as follows: “In no case shall 
cylinders be rebored to more than 0.030 
in. Oversize.” 

Section A14.—Change the first sen- 
tence from its present form: namely, 


All engines shall be calibrated for volumetric 
clearance by the “tilt” method, which has been 


found accurate and reproducible. 
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diate adoption revisions in three stand- 


The clearance volume of all engines shall be 
calibrated by the “tilt”? method. 

At the beginning of the first sentence 
in Paragraph (0), insert the word “and” 
before “loosen,” and end the sentence 
after “‘base plate,” deleting ‘‘and” and 
starting the second sentence with “Tilt 
the engine. ...” 

Tentative Method of Test for Neutrali- 
zation Number of Petroleum Products by 
Color-Indicator Titration (D 663 — 42 T).4 } 
—A revision of this method, largely edi- 
torial in nature and eliminating back- 
titration of the sample, is recommended 
by Subcommittee XIII on Neutraliza-— 
tion Number and Saponification (H. P. — 
Ferguson, chairman). The revised 
method is entitled Tentative Method of 


Test for Acid and Base Numbers of Pe- 


troleum Products by Color-Indicator 


‘Titration. 


Tentative Method of Test for Neutrali- 
zation Number of Petroleum Products by — 
Electrometric Titration (D 664 — 42 T).4—_ 
A revision of this method, largely edi- 
torial in character, is recommended by 
Subcommittee XIII on 
Number and Saponification (H. P. 
Ferguson, chairman). The revised 
method is entitled Tentative Method of 
Test for Acid and Base Numbers of 
Petroleum Products by Electrometric 
Titration.’ 

Tentative Method of Test for Rust-— 
Preventing Characteristics of Steam-Tur- 
bine Oils in the Presence of Water (D 665 — 

42 T).—A revision of this method in- 
cluding the substitution of a round for 
the flat test specimen, stirring at 1000 
instead of 750 rpm., and minor changes 
in cover and location of stirrer, is recom- 
mended by Technical Committee C on 
Turbine Oils (F. C. Linn, chairman). 
The revised method is appended.? 
II. REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION 
The committee recommends for i — 
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ard methods of test, as set forth below, 
and accordingly acks for a nine-tenths 
affirmative vote at the Annual Meeting 
in order that these modifications may be 
referred to letter ballot of the Society. 

Standard Method of Test for Gum Con- 
tent of Gasoline (D 381 — 42).4—The fol- 
lowing editorial revisions are recom- 
mended by Technical Committee A on 
Gasoline (C. B. Veal, chairman): 

Section 3 (a).—Change the third to 
sixth sentences, inclusive, to read as fol- 
lows by the addition of the italicized 
words and figures and the omission of 
those in brackets: 

After washing, thoroughly dry both beakers 
by heating to about 302 F. (150 C.), and allow 
to cool simultaneously for the same period of 
time, but not less than 1 hr., in a [desiccator] 
suitably covered vessel (Note 1). [Do not use a 
drying agent in either the balance case or the 
desiccator.] Weigh the test beaker using the 
tare (Note 2) on the opposite balance pan. 
After weighing, replace the tare beaker in the 
[desiccator] vessel, and place the test beaker in 
the well of the bath as shown in Fig. 1. 

Add a new Note 1 to read as follows 
and renumber the present note as Note 2: 

Note 1.—The use of a drying agent in the 
covered vessel and in the balance case is not 
recommended. 

Section 3 (b)—Change the fourth 
sentence to read as follows by the addi- 
tion of the italicized words and the omis- 
sion of the word in brackets: ‘‘Allow both 
test and tare beakers to cool simultane- 
ously for the same period of time, but 
not less than 1 hr., in a [desiccator] suit- 
ably covered vessel under the same condi- 
tions as prescribed in Paragraph (a).” 

Standard Method of Test for Sulfur 
in Petroleum Oils by Bomb Method 
(D 129 — 39).4—The following revision is 
recommended by Subcommittee VII on 
Sulfur (H. M. Hancock, chairman): 

Section 6.—Change from its present 
form: namely, 

6. Reproducibility of Results —With care and 
proper attention to details, the percentages of 
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sulfur obtained by the same operator with the 
same apparatus should not differ by more than 
0.02 + 0.04 A; while the percentages obtained 
by different operators in different laboratories 
should not differ by more than 0.02 + 0.08 4 
(where A represents the average of the percent. 
ages obtained). 


to read as follows: a a 
6. Reproducibility—Results should not differ 


fram the mean by more than the following: 


am 

Sulfur Content, 

per cent Apparatus Apparatus 
0.020 0.04 
0.025 0.05 
Above 2.0..... 0.035 0.07 


Standard Method of Test for Viscosity 
by Means of the Saybolt Viscosimeter 
(D 88 — 38).4—The addition of the fol- 
lowing note is recommended by Subcom- 
mittee V on Viscosity (J. C. Geniesse, 
chairman): 

Section 2 (c).—Add a note at the end 
of this section to read as follows: “Nore. 
—Many years’ experience with flasks 
conforming to these dimensions _ has 
proved them to be satisfactory for all 
but the most viscous oils. With the 
latter, drainage errors may occur if the 
length of the neck of the flask above the 
graduation mark varies excessively. As 
soon as stocks of flasks now on hand have 
been depleted, it is planned to revise the 
flask specification by limiting the length 
of the neck above the graduation mark 
to a maximum of 11 mm.” 


III. ADopTION OF TENTATIVE STANDARDS 
AS STANDARDS 


The committee recommends that the 
following four tentative standards be 
approved for reference to letter ballot 
of the Society for adoption as standard: 

Tentative Method of Test for OW 
Content of Paraffin Wax (D 721 - 43T)} 
on the recommendation of Subcommittee 
III on Paraffin Wax (L. C. Beard, Jr. 
chairman). 


fr 
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Tentative Method of Test for Knock 
Characteristics of Motor Fuels (D 357 - 
43 T),2 on the recommendation of 
Technical Committee A on Gasoline 
(Cc. B. Veal, chairman), revised as 
follows: 

Section 5 (c).—In line 1 change ‘0.025 
in.” to “0.015 to 0.025 in.” Insert new 
Note 2 to read as follows: “Notre 2.— 
In rating fuels of very high octane 
number, more satisfactory operation 
of spark plugs is obtained with a gap 
of less than 0.025 in., the latter being 
preferable in the motor-fuel range. 

Section 5 (0).—Change title to “Fuel- 
Air Ratio for Maximum Knock.” 

Footnote 7.—Insert subscript “e” after 
each symbol in the present formula and 
add the following formula before the 
last paragraph in the footnote: 


The analogous formula for metric barometers 
Bn = By — 0.00016 Bitm 


where Bi, = observed barometric pressure in 
millimeters of mercury, and 
tm 2 observed temperature of barometer 
in degrees Centigrade. 


Section 9.—Change the first sentence 
from its present form: namely, 


For inspection and preliminary adjustment in 
iccordance with the manufacturer’s instructions 
the bouncing-pin shall be removed from the 
engine. 


to read as follows: 


Preliminary adjustment of the bouncing-pin 
shall be made in accordance with the manu- 
facturer’s instructions before the pin is placed 
1 the engine. 

In the last sentence of the first para- 
graph, change the word “replaced” to 
read “placed.” 

Section 9 (b).—Delete and substitute 
the following: “The bouncing-pin ad- 
justment shall not be considered satis- 
factory unless the knock-meter reading 
is zero when operating on a non-knocking 
reference fuel throughout the micrometer 


} 


range over which the pin setting is to 
be used.” 

Section 11 (a).—Chang2 “adjustment”’ 
to “readjustment.” In the first sentence, 
change ‘‘fuel sample” to “test fuel.” 

Section 11 (b).—Change title to “Ad- 
justment of Fuel-Air Ratio.” In line } 
10 change “air-fuel” to ‘‘fuel-air,” and — 
in line 11 change “air-fuel” to “fuel- 

Section 12 (b).—Change title to “‘Ad- 
justment of Fuel-Air Ratio.” 

Section 12 (d).—In line 1 change “air- 
fuel” to “fuel-air.” 

Section 13.—In the first sentence, 
change “test sample” to read “test fuel.” 

Seclion A4 (c).—Change this section 
to read as follows: “(c) Valve Guides.— 
Cast iron. As installed, the difference 
in diameter between the valve stem and i 
its guide shall be 0.0025 + 0.0005 in. 
for the intake valve and 0.0035 + 
0.0005 in. for the exhaust valve.” 

Section A4 (f).—In the first sentence 
insert the word “‘reference”’ before “fuel.” _ 

Section A5 (a).—At the end of the — 
present section, add the following new 
paragraph: ‘“‘As a safety precaution, a 
suitable water manometer may be con- 
nected to the air-outlet pipe of the ice 
tower. A differential pressure appre-— 
ciably in excess of 0.5 in. of water indi- — 
cates undue restriction of the air flow, 
resulting from improper condition of the 
ice or plugging of the drain trap.” 

Seclion A5 (e).—Change from its pres- 
ent form: namely, 

(e) Heat Shield.—A polished stainless steel 
heat shield is furnished which shall be installed 
with the plate downward and with the concave 
side toward the manifold between the carburetor 
and the intake manifold with a standard copper- 
asbestos gasket between the shield and the 
carburetor and a special copper-asbestos heat 


insulating gasket 0.375 in. in thickness between 
the shield and the manifold. -— 
§ 


to read as follows: 


(e) Heat Shield.—A polished stainless steel 
heat shield is installed between the carburetor 
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and the intake manifold, with the curved section 
at the bottom, and with the concave side thereof 
toward the manifold. A standard copper-asbes- 
tos gasket is inserted between the shield and the 
carburetor, and a special copper-asbestos heat- 
insulating gasket 0.375 in. in thickness is used 
between the shield and the manifold. 


Footnote 16.—Change from its present 
form: namely, 


1% Note that the throttle plate heretofore 
inserted between the carburetor and intake 
manifold has been discarded in the present 
method. 


to read as follows: 


16 Note that the throttle plate originally used 
with the present type variable-float-level car- 
buretor has been discarded. 


Section A8.—Add a new Paragraph (d) 
to read as follows: 


(d) Valve Lubrication—A valve oiling tray 
is provided for lubricating the intake and exhaust 
valve stems. A felt washer is used on the 
exhaust valve stem only. 


Section Al2.—From the end of the 
first sentence delete the phrase “resting, 
if possible, directly on the ground,” and 
add the following sentence: “If at all 
possible, the engine should be located 
on the ground floor, and the foundation 
preferably should rest directly on the 
ground.” 

Section A13 (g).—In the fifth line 
change “oil” to “, or oil.” 

Section A13 (h).—Change the first 
sentence to read as follows by the addi- 
tion of the italicized words and figures 
and the omission of the words in brackets: 

The cylinder shall be replaced (or rebored 
for routine testing) when it shows a wear of 
0.006 in. [or loses compression due to being out 
of round] or a taper of 0.004 in., or is 0.0025 in. 
out of round. In no case shall cylinders be 
rebored to more than 0.030 in. oversize. 

Section A15.—Change the first sen- 
tence from its present form: namely, 

All engines shall be calibrated for volumetric 


clearance by the “tilt”? method, which has been 
found accurate and reproducible. 


q 


The clearance volume of all engines shall be 
calibrated by the “tilt”? method. 


to read as follows: 


At the beginning of the first sentence 
in Paragraph (0), insert the word “and” 
before “loosen,” and end the sentence 
after “base plate,” deleting “and” and 
starting the second sentence with “Tilt 
the engine. .. .” 

Footnote 19.—Delete the last sentence 
which reads: “This equipment may be 
purchased through the Waukesha Motor 
Co.” 

Tentative Method of Test for Saponifica- 
tion Number of Petroleum Products by 
Color-Indicator Titration (D 94 — 43 T)? 
on the recommendation of Subcommittee 
XIII on Neutralization Number and 
Saponification (H. P. Ferguson, chair- 
man), revised editorially as follows: 

Section 5 (a).—Change to read as 
follows: 

5. (a) Alcoholic Potassium Hydroxide (0.5 N), 
—Prepare 0.5 N solution by dissolving KOH 
“purified by alcohol” in the alcohol specified in 
Paragraph (b). Allow the solution to settle in 


a dark place. Filter the solution, allow to stand 
for 24 hr. and standardize to 0.5 NV. 


Section 6.—After “A.S.T.M. precipita- 
tion naphtha” in the fourth sentence add 
“(see Note 2, Section 8).” 

Section 7.—Change from its prcsent 
form: namely, 


7. A 2- to 3-g. sample may be used for fats, 
and samples of larger size for oils containing fats 
or fatty oils. The size of the sample shall be 
so chosen that the back-titration is from 40 to 
80 per cent of the blank, except that the weight 


of sample shall not exceed 20 g. L 


7. The size of the sample shall be chosen so 
that the back-titration is from 40 to 80 per cent 
of the blank, except that the weight of the sample 
shall not exceed 20 g. (Note 1). 

Nore 1.—The size of sample depends upon 
the amount of saponifiable matter present. A+ 
to 20-g. sample is generally required for blends of 
mineral oils and fats or fatty oils. If the method 
is used for fats or fatty oils alone, a 1- to 2-4. 
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sample is generally required for materials having 
a saponification number higher than 210, and a 
2- to 3-g. sample for materials having a saponifi- 
cation number lower than 210. 


The above recommendation on Meth- 
od D 94 is submitted jointly with 


TABLE IX.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Affirm- |Nega-} Marked 


Items ative | tive | “Not 
Voting”’ 
I. Revisions oF TENTATIVE 
STANDARDS 
Test for Aniline Point of Petro- 
leum Products (D 611-43 T)..| 48 0 5 


Test for Consistency of Lubri- 
cating Greases and Petrola- 
tum (D 217 - 38 T).. 43 0 6 

Test for Knock Characteristics 
of Aviation Fuels (D 614 - 

Test for Neutralization Number 
of Petroleum Products by 
Color-Indicator Titration 


42 48 1 + 
Test for Neutralization Number 

of Petroleum Products by 

Electrometric Titration 

664-42 45 0 8 


Test for Rust-Preventing Char- 
acteristics of Turbine Oils 
(D 665-42 T)....... x 37 3 13 


Il. Revisions or STANDARDS, 
IMMEDIATE ADOPTION 


Test for Gum Content of Gaso- 


line (D 381 - 42).. 43 0 10 
Test for Sulfur in Petroleum Oils’ 
by Bomb Method (D 129 - 39). 49 0 4 
Test for Viscosity by meansof the 
ybolt Viscosmeter (D 88-38)} 45 1 3 


OF ‘TENTATIVE 
STANDARDS AS STANDARDS 


Test for Oil Content of Paraffin 


Wax (D 721 - 43 T)....... 42 0 il 
Test for Knock Characteristics 

of Motor Fuels (D 357 - 43 T), 

34 0 15 


Test for Saponification Number 
of Petroleum Products (D 94 - 
43 T), as revised.............. 48 0 5 
Conversion of Kinematic Viscos- 
ity to Saybolt 
(D 666 - 42 T) 49 0 4 


IV. or TENTATIVE 
STANDARD 


pecifications for Aviation Gaso- 
line (D 615 - 41 T) 


Committee D-9 on Electrical Insulating 
Materials. 

Tentative Method for Conversion of 
Kinematic Viscosity to Saybolt Furol 
Viscosity (D 666 — 42 T),* on the recom- 
mentation of Subcommittee V on Vis- 
cosity (J. C. Geniesse, chairman). 
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TV. WITHDRAWAL OF TENTATIVE 
STANDARD 


The committee recommends the with- 
drawal of the Tentative Specifications for 
Aviation Gasolines (D 615 — 41 T)* as 
proposed by Technical Committee A on 
Gasoline (C. B. Veal, chairman). It is 
impractical to keep specifications for 
this commodity in conformity with 
practice under present wartime con- 
ditions. 


V. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 


The following tentative standards 
have remained in the tentative status 
for two years or longer without revision: 


Test for Color of Lubricating Oil and Petrolatum 
by Means of the A.S.T.M. Union Colorimeter 
(D 155 — 39 T), 

Test for Kinematic Viscosity (D 445 - 42 T), 


Test for Sediment in Fuel Oil by Extraction — 


(D 473 - 387), 
Test for Sulfur in Petroleum Oils by Lamp 
Method (D 90-41 T), 


Test for Oxidation Stability of Gasoline (D 525 - 


42 T), 


Specifications for Fuel Oils (D 396-39 T), and | 


Specifications for Gasoline (D 439 - 40 T). 


It is recommended that these tentative 
standards be continued in the tentative 


in progress or in prospect. 


VI. STANDARDS Srx YEARS WITHOUT 
REVISION 


The following standards have been 
published for six years or longer without 
revision and are considered by the com- 


; 


status because further developments are > 


mittee to be in accord with present — 


practice and to require no revision: 


Test for Autogenous Ignition Temperatures of 


Petroleum Products (D 286 —- 30), 


Test for Burning Quality of Long-Time Burning — 


Oil for Railway Use (D 219 - 36), 


Test for Burning Quality of Mineral Seal Oil 


(D 239 - 30), 
Test for Color of Refined Petroleum Oil by 
Means of Saybolt Chromometer (D 156 — 38), 
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Test for Dilution of Crankcase Cils (D 322 - 35), 

Test for Steam Emulsion of Lubricating Oils 
(D 157 - 36), 

Test for Flash and Fire Points by Means of Open 
Cup (D 92 - 33), 

Test for Flash Point by Means of the Tag Closed 
Tester (D 56 - 36), 

Test for Melting Point of Petrolatum (D 127 - 
30), 

Sampling Petroleum and Petroleum Products 
(D 270 - 33), 

Test for Detection of Free Sulfur and Corrosive 
Sulfur Compounds in Gasoline (D 130-30), 

Abridged Volume Correction Table for 

Petroleum Oils (D 206 36). 


_ The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


The recommendations appearing if 


Report oF COMMITTEE D-2 


this report have been submitted to letter 
ballot of the committee which consists 


of 73 voting members, with the results 
shown in Table IX. 


This report has been submitted to 
letter ballot of the committee which 
consists of 73 voting members; 53 mem- 
bers returned their ballots, of whom 52 
have voted affirmatively, and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committce, 


T. A. Boyp, 
Chairman, 
R. P. ANDERSON, 
Secretary. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committce D-2 presented to the So- 
ciety through Committee E-10 on Standards a proposed Emergency Method 
for Determination of Isopentane and Benzene Insolubles in Used 
Lubricating Oil and proposed Emergency Alternate Provisions in the 
Standard Method of Test for Cloud and Pour Points (D 97 - 39). The emer- 
gency standard and emergency alternate provisions were accepted by Com- 
mittee E-10 on August 28, 1944, and assigned the A.S.T.M. serial desig- 

_ nations ES - 42 and EA~-D 97, respectively. They appear in the 1944 
= Book of A.S.T.M. Standards, Part III. 
On October 3, 1944, Committee E-10 accepted the recommendation of 


~ Committee D-2 that the following methods of test be issued as tentative: 


Tentative Methods of Test for: 


Chlorine in Lubricating Oils by Bomb Method (D 808 - 44 T) [formerly 
issued as Emergency Standard ES — 36], 
Phosphorus in Lubricating Oils (D 809 - 44 T) [formerly issued as Emer- 


gency Standard ES - 37], 


Lead, Copper, and Iron in Lubricating Oils (D 810 — 44 T) [formerly issued 
as Emergency Standard ES — 38], and 
Metals in Lubricating Oils (D 811 —- 44 T) [formerly issued as Emergency 


Standard ES — 39]. 


These new tentative standards, assigned the A.S.T.M. serial desigr ations 


III. 


indicated above, appear in the 1944 Book of A.S.T.M. Standards, Part 
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APPENDIX I 7 


CONVERSION TABLES FOR PETROLEUM OILS OF METRIC TONS IN 
VACUO TO LONG AND SHORT TONS IN AIR 


There has been some concern expressed 
in the oil industry regarding discrepancies 
which arise when attempting to convert 
short or long tons of petroleum products 
to equivalents in metric weights. In 
many instances these discrepancies have 
been found to be due to the fact that 
while metric tonnages of bulk oil are fre- 
quently in effect, “weights in vacuo” 
American and British short or long tons 
are “apparent weights inair.” It cannot 
be considered correct practice to convert 
a metric ton in vacuo toa short ton in air 
by applying the established factor 1 


metric ton = 1.1023 short tons because 
this latter ratio presupposes that either 
the two types of weights are “apparent 
weighings in air’ or both weighings have 
been corrected for air buoyancy. 

In view of the need for uniform ac- | 
curate conversion factors the following 
Tables I, A and B are published. The — 
Institute of Petroleum (England) from 
whom these tables were received also 
intends to publish them and it is hoped 
that this joint action will help in estab- 
lishing these tables for standard world- 
wide usage. 
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The Institute of Petroleum’s Com- 
mittee 1 on Measurement and Sampling 
of Oil, and the American Society for 
Testing Materials Committee D-2, Sub- 
committee XV on Sampling and Gag- 
ing, have undertaken cooperative work 
to establish oil measurement procedures 
and standards which would be accept- 
able in both the British Empire and 
the United States. Such codes would 
eliminate major differences in oil meas- 
urement methods as practiced in Eng- 
land and the United States thereby aid- 
ing in the establishment of world-wide 
uniformity of measurement procedure. 
The following “Principles” have been 
agreed upon by the two committees to 
serve as a guide to govern their indi- 
vidual detailed work. 


Normal Measurement: 


1. Defining ‘‘normal” measurement as 
those processes using gaging tape, ther- 
mometer, and hydrometer, which are ap- 
plicable to petroleum liquids in bulk in the 
gasoline-to-thin-fuel range, there is then 
only one fundamental operation, the deter- 
mination of oil volume in a vessel. Quan- 
tities received or delivered are calculated 
as differences between such measured 
volumes. 

When several containers (tanks, pipe- 
lines, tankers, etc.) are involved, several 
separate quantities may be summed into a 
single total. Containers like pipelines do 
not lend themselves to the normal gaging 
process, and so are most conveniently 
handled either completely full or empty; but 
there is still only one fundamental process. 


APPENDIX IT 


OIL MEASUREMENT 


Quantity ef Oil: 


2. A quantity figure will be substantially 
correct if— 
(a) The accepted oi] temperature, and 
(b) The accepted oil gravity 
are fair averages for the container’s con- 
tents. This implies that: 
(c) The container must be adequately 
sampled. 
Further: 
The accepted oil volume must be sub- 
stantially correct. This implies that: 
(d) The measured oil depth (innage or 
ullage) and 
(e) The capacity tables for the container 
are substantially correct. 
Finally: 
(f) All calculations, including any cor- 
rections applied, must be substan- 
tially correct also. 


Note.—“ Substantially” means “within the 
limits of uncertainty to be laid down by the 
Committee,” and “accepted” means the “figure 
taken into further calculation.” 


There are no other factors involved in 
“normal” measurement; complete discus- 
sion must cover all items given. 


Exceplional Cases: 


3. Substantial modification of the nor- 
mal method of measurement or even 
specially designed methods will usually be 
necessary if the product concerned is: 

(a) Gaseous (natural gas), 

(b) Liquid only under pressure (propane, 

butane), 

(c) Notably volatile (crudes, light gaso- 

lines), 

(d) Notably viscous (thick fuels, thin 

bitumens, emulsions), 

(e) Solid, or practically so (coke, carbon, 

some bitumens); 
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or contains undissolved: 
(f) Cases (bitumens), 
(g) Liquids (wet crudes, bitumen and 
other emulsions), 
(kh) Solids (sand and wax in crudes, as- 
phalts containing stone dust); 
or if it is: 
(i) At high temperature (heated fuel 
oils), 
(j) Not in bulk (canned or drummed), 
(k) Contains alcohol, benzol, or other 
materials not derived from petro- 
leum. 
Again: 
(1) Methods may have to be considered 
in which the usual tank capacity 
table is replaced by the use of a 
meter, the measurement of specific 
gravity by measurement of oil 
head, and so on. 

The normal method may require 
modification if receipt or delivery 
of only a small fraction of a tank’s 
contents is to be measured by 
difference. 

Methods: 


4. (a) Preference shall be given to meas- 
urement by volume at 60 F. and data 
should preferably be reduced along the 


lines of the National Standard Petroleum 


Oil Tables, National Bureau of Standards — 
Circular C 410. 

(6) Standard methods for measurement © 
by weight may also be required for use: 

(1) With ships’ cargo quantities, 


(2) When local official regulations re- 


quire this, or 


(3) Where there is long-standing com- 


mercial practice. 

(c) Current British practice calculates 
weights by taking ten times the a 
gravity of the oil as being the weight of an | 
Imperial gallon, expressed in pounds and 
decimals. This may have to be accepted 
for routine work, even if the standard 
method is laid down to follow Circular C 
410. 


Precision: 

5. The attitude of the committee is that 
no simple precaution which tends to im- 
prove accuracy should be omitted, but that 
this must not involve the present relatively 
simple instruments (gaging tape, ther- 
mometer, hydrometer, and so on) being 


replaced by others more complex, nor 
‘should precautions with present instru- 
ments be carried so far that procedures 


become cumbrous. The construction and 
standardization of all oil measurement 
equipment should, however, be carefully 
specified. 
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APPENDIX III 


PROPOSED METHOD OF ANALYSIS OF PETROLEUM SULFONATES! 
This is a proposed method r . — as information only. 
ou 


Comments are solicited and s 


be addressed to the American 


Society for Testing Materials, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 


1. This method of analysis covers 
procedures for the determination of 
mineral oil, sodium sulfonate, carbox- 
ylate soap, inorganic salt, free alkali 
content, combining weight, and specific 
gravity of crude and refined petroleum 
sulfonates. It is also applicable, with 
slight modification, to potassium and 
ammonium sulfonates. 


Outline of Method 


_ 2. This method of analysis of petro- 
leum sulfonates is outlined in Fig. 1. 


Apparatus 


3. (a) Vacuum Oven capable of oper- 
ating at 70 to 100 C. under 3 mm. of 
absolute pressure. 

(b) Beaker, glass, with inverted rim, 
turned in 10 mm. from wall of beaker 
and pointed downward to a point 5 mm. 
below shoulder, 65 to 75 mm. in diam- 
eter, 75 to 85 mm. in height, and wall 
thickness (approximately 1 mm.) such 
that weight is less than 70 g. 

(c) Steam Bath. 

(d) Muffle Furnace capable of operat- 

ing at 800 + 50 C. 

(e) Atmospheric Ovens capable of being 
maintained at 120 C. and at 70 to 75 C. 

(f) Desalting Funnel as shown in 
2. 

(g) Water Bath 


roposed method is under the jurisdiction of 
the ASTM. Committee D-2 on Petroleum Products and 
Lubricants. Published as information, October, 1944. 


capable of being 


maintained at 40 to 50 C and at 25 
+ 0.2 C. 

(hk) Vacuum Desiccator, shielded. 

(i) Distillation Apparatus as described 
in A.S.T.M. Method D 95-40 Test for 
Water in Petroleum Products and Other 
Bituminous Materials. 

(j) Crucible, platinum, 35 to 40-ml. 
capacity. 

(k) Pycnometer as shown in Fig. 3. 
To calibrate, weigh to 1 mg. with cap in 
place, then fill with distilled water at 
15 to 20 C. and place in a water bath 
at 25 + 0.2 C. After 30 min., adjust 
the water meniscus at the top of the 
neck so it is exactly level. (To obtain 
a flat meniscus add a minute amount of 
wetting agent to the water surface) 
Remove the pycnometer from the bath, 
cool to 25 C., and dry the outside. Cap 
and weigh to 1 mg. Record the water 
weight as W,. 


Reagents 


4. (a) Sodium Carbonate, anhydrous. 

(b) Sodium Sulfate, anhydrous, crys 
talline. 

(c) Sodium Sulfate Solution (20 pe 
cent). 

(d) Hydrochloric Acid (12 N). 

(e) Nitric Acid (16 N). . 

(f) Sulfuric Acid (36 N, and 0.5 4 
standard). 


2 1944 Book of A.S.T.M. Standards, Part III. 
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(g) Methyl Orange Indicator Solution (n) Petroleum Ether—Boiling range, 
(0.1 per cent, aqueous). 
(h) Phenolphthalein Indicator Solu- 30 to 75 C.; maximum nonvolatile 


tion (1 per cent in 50 per cent ethyl alcohol). impurities, 0.002 per cent. 


| sore SULFONATE, MINERAL OIL, SODIUM CARBOXYLATE, WATER, SPECIFIC GRAVITY, COMBINING 
WEIGHT OF SULFONATE, INORGANIC SALTS AND SODLUM HYDROXIDE 


| T 
Sample into 50 Dissolve in alcohol- Pycnometer A.S.T.M. 
per cent (by volume) benzene (50:50), titrate "T D 95 
alcohol to phenolphthelein 


with 
petroleum ether SODIUM HYDROXIDE | SPECIFIC GRavITY| 


r 


race of Sodium Carborylete 
Sodium Sulfonate | Sodium Hydroxide 


Combine———_; Inorganic Salts 
Wash with 50 per cent (by | ; 
a isopropyl alcohol Measure Volume + 


T 


U 
scribed Petroleum Ether Alcohol Phase with Ne,00s, Anhydrous 
Evaporate to 


“est for eveporate dryness 
1 Other 2 
Residue: Residue (A): 
Mineral Sodium Sulfonate Volume 
— 


Alcohol Phase Aqueous Phase 


Discard 


40-ml. Trace o Sodium Carboxylate 
Sodium Sul fonate Sodium Hydroxide Sodium Sulfonate 
Inorgenic Salts Sodium Carbozylate 


Fig. 3. Trace of Sodium Aliquot Aliquot 


Sul fonate 
Cap 
ater at ; Residue (B): Residue: 
er bath Correction Sodium Sulfonate Sodium Sulfonate 
Sodium Carborylate Sodium Carboxylate 
} T | 
| adjust MINERAL OIL Dissolve in water, treat " 
f the , with HCl (ep. gr. 1.19). As 
0 Extract with ethyl ether 


} 


ount of Ether Phase Aqueous Phase 


Sulfonic Acid | 
urface.) Carborylic Acid Discard | coMBINING WEIGHT 0! 


. | 
to Dryness to Dryness 


SODIUM SULFONATE 
ne bath, ss dash free of HC] with 


e water Ether Phase Aqueous Phase _ 


Sheke with anhydrous NagS0, 
Filter to dryness Discard 


Residue: Residue (A): 


Sodium Sulfonate Sodium Sul fonate 
Carboxylic Acid 
y 
Acid or Base Number Inorganic Salte 


4.S.T.M. Method D 663 Residue (B): 


Sodium Sulfonate] | Sodium Sodium Cerboxylate 
[CARBOXYLATE SOAPS] [ in Mineral 011 | | Hydroxid 


Sulfonate 
> 


SODIUM SULFONATE 
Fic. 1.—Outline of Method of Analysis of Petroleum Sulfonates. 


(i) Acetone (c.p.). Mineral Oil 


(j) Benzene (c.p.). 
(k) Ethyl Alcohol (95 per cent). 5. (a) Introduce approximately 10 g. 
(1) Ethyl Ether. . of sample, W;, weighed to the nearest 
(m) Isopropyl Alcohol (99, m1, and centigram, into a tared 100-ml. beaker. 
and 50 per cent by volume). | Add 100 ml. of isopropyl alcohol (50 per 
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cent) and stir to dissolve the sodium 
sulfonate and disperse the oil; warm, 
if necessary, to hasten this process. 
Transfer quantitatively to a £00-ml. sepa- 
ratory funnel, rinsing the beaker and 
stirring rod with 25 ml. of isopropyl 
alcohol (50 per cent). Repeat rinsing 


Stondard Toper 


- 200 ml. Volume 


__-----/50 mi. 
Calibration 


10 50 mi. 
Calibration Downward 


4 


| 
| 
| 
| 
a 

', 
9 
! 


Calibration 


<---/00 ml. Volume 


-~Oml. Calibration 
(Completely 
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beaker and stirring rod. Final concentration 
in the separatory funnel shou!ld be not less 
than 48 nor more than 52 per cent by volume 
of isopropy! alcohol. 


(6) Rinse the sampling beaker with 
30 ml. of petroleum ether and use this 
portion of ether to extract the combined 
alcoholic solution; retain the interface 
“cuff” with the ether phase. Extract 
the alcoholic phase five more times 
with 30-ml. portions of petroleum ether, 
using two 250-ml. separatory funnels 
and collecting the petroleum ether ex- 
tracts in the 500-ml. separatory funnel. 
Run the oil-free alcoholic sulfonate 
solution into the special desalting fun- 


/mm. Hole---~_ Edge 


+-Ground Flat 


14 mm. 


Cap Ground al 
to Neck--~ 


--45 mm-- 


| 


Fic. 3.—Pycnometer for Determining Specific 
Gravity of Petroleum Sulfonates. 


nel. Rinse the 250-ml. separatory 
_ funnels with two 10-ml. portions of 
isopropyl] alcohol (50 per cent) and add 
to the desalting funnel. Wash the 
combined ether extracts with 50 ml. 
, of isopropyl alcohol (50 per cent); add 


| 

| 

Encircled) 

| 

} 3mm. Bore 

| 


Ke --/04 mm-- 


Fic. 2.—Desalting Funnel for Analysis of 
Petroleum Sulfonates. 


of the beaker and stirring rod with 
25 ml. of isopropy! alcohol (91 per cent). 
Add 20 ml. of distilled water to the 
separatory funnel. 


Note.—It is impertant to adhere, as closely 
as possible, to the quantities and concentrations 
of isopropyl! alcohol prescribed for rinsing the 


the wash to the desalting funnel. 

(c) Filter the combined ether extracts 
through a small plug of cotton, placed 
in the vortex of a filter funnel, into a 
tared, inverted-rim beaker. Wash the 
separatory funnel and filter with 20 to 
30 ml. of fresh petroleum ether, adding 
the washings to the inverted-rim beaker. 
Evaporate the ether solution to dryness 
on a steam bath, heating for 15 min. 
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after the disappearance of the odor of 
petroleum ether or alcohol. Cool to 
room temperature and bring to constant 
weight in a vacuum desiccator at room 
temperature and under 3 mm. or less of 
mercury pressure, applying vacuum 
cridually and venting frequently to 
avoid spattering at the start. Denote 
the residue as R. 


Note.—If it is known that a sample con- 
tains oil that is volatile under conditions of 
the test it may be preferred to subtract the 
total of other constituents from 100 per cent 
to obtain the mineral oil content. 


(d) Weigh a 1 to 2-g. sample (r) of the 
oil residue from Paragraph (c) into a 
tared, ignited platinum crucible. Heat 
with a bunsen burner until the contents 
ignite and burn, then maintain at such a 
temperature that only ash and carbon 
remain after burning ceases. Ignite 
over a burner, or in a muffle furnace at 
600 to 800C., until the oxidation of 
carbon is complete. Cool and add 3 to 
Fume 


4 drops of H2SO, (sp. gr. 1.84). 
off the HeSO, over a burner in a hood, 
but do not heat strongly enough to 


cause spitting. When fuming ceases, 
heat in a muffle furnace at 800 + 50C. 
to constant weight (A;). 


Oil-Free Total Solids 


6. Read the total volume (V;) of 
the oil-free alcohol solution, Section 
5 (b), by inverting the stoppered de- 
salting funnel; read the volume of 
liquid in the graduated tube and add 
it to that of the calibrated bulb. Pipette 
a 25-ml. aliquot into a tared 150-ml. 
beaker and evaporate to dryness on a 
steam bath, adding small portions of 
isopropyl alcohol (99 per cent) (or 
acetone) to aid in removing the water. 
Dry to constant weight (S;) in a vacuum 
oven at 80 C. under less than 3 mm. of 
mercury pressure or in an atmospheric 
oven at 120C. (The former usually re- 
quires from 1 to ‘2 hr, the latter from 
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4 to 8 hr.) When using the vacuum 
oven, apply the suction gradually at 
the start to avoid foaming. (The oil- 
free residue (S,) consists of sulfonate, 


carboxylate, inorganic salts, and free 
alkali.) 


Sulfonate 


7. (a) Secure the stopcock of the 
desalting funnel with a suitable clamp 
and warm it in a water bath at 40 to 
50C. Weigh out 18 g. of anhydrous 
sodium carbonate per 100 ml. of alcohol 
solution remaining in the funnel. Care- 
fully admit a few grains to the funnel, 
allowing the dissolved petroleum ether 
to evaporate slowly. When danger of 
boiling is past, add the remainder of the 
carbonate and shake the mixture vigor- 
ously. Allow the phases to separate; 
withdraw and discard the solid particles 
as soon as they settle to the bottom of 
the salt layer, swirling the solution to 
dislodge any solid particles clinging to 
the upper part of the funnel. Replace 
the funnel in the water at 40 to S50C. 
until separation into two layers is 
complete; draw off the salt layer almost 
to the mark above the stopcock. 

(b) Cool the funnel to room tempera- 
ture (3 to 4 hr.). Draw off the lower 
layer so that the interface is at the mark. 
Read the volume (V2) of the upper 
(alcohol) layer on the neck of the funnel; 
if the upper layer is cloudy, allow to 
stand overnight or filter through paper 
into a glass-stoppered Erlenmeyer flask. 

(c) Pipette a 50-ml. aliquot of the 
clear alcohol layer into a tared 150-ml. 
beaker. Evaporate to dryness on a 
steam bath, adding small portions of 
isopropy! alcohol (or acetone) to aid in 
the removal of water. Dry to constant 
weight (S2) in a vacuum oven at 80C. 
under less than 3 mm. of mercury pres- 
sure, or in an atmospheric oven at 120 C. 
Denote the residue as S,; save for car- 
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Carboxylate Soap 


8. (a) Dissolve the residue (S2) from 


Section 7 (c) in 200 ml. of water and 
transfer the solution quantitatively to a 
500-ml. separatory funnel; wash out the 
beaker with two 25-ml. portions of water 
and add the washings to the separatory 
funnel. Add 50 ml. of 12 N HCl to the 
funnel and shake vigorously. Extract 
the liberated acids with two 100-ml. 
portions of ethyl ether. Combine the 
ether extracts. Wash the combined 
ether extracts free of HCl by shaking 
with two or more 50-ml. portions of 
sodium sulfate (20 per cent) contain- 
ing methyl orange indicator. Discard 
the salt washings. 

(6) Drain off as much water as pos- 
sible from the washed ether extract. 
Lay the separatory funnel on its side 
and introduce about 10 g. of anhydrous 
sodium sulfate; make sure that the fun- 
nel mouth is free of sodium sulfate 
crystals before inserting the stopper. 
Shake the mixture vigorously for 3 or 4 
min., venting frequently. Filter the 
ether solution, using a small plug of 
cotton in the vortex of a filter funnel, 
into a tared 250-ml. Erlenmeyer flask. 
Rinse the funnel and filter with 20 ml. 
of ethyl ether; add the rinsings to the 
main ether solution and evaporate the 
ether on a steam bath. Dry to constant 
weight in a shielded vacuum desiccator 
under less than 3 mm. of mercury pres- 
sure at room temperature. 

(c) Determine the acid number on the 
residue from Paragraph (6) by A.S.T.M. 
Method D 663, Test for Acid and Base 
Numbers of Petroleum Products by 
Color-Indicator Titration.” 


Inorganic Salts and Free Alkali 

9. (a) Inorganic Salts Plus Free Al- 
kali—Calculate the inorganic salts 
plus free alkali content (Section 13(e)) 
from the data obtained in Sections 6 
and 7 (c). 


(b) Free Alkali—Weigh approxi. 
mately 10 g. of sample into a 250-ml, 
Erlenmeyer flask, add 50 ml. of ethy| 
alcohol and 50 ml. of benzene and swirl 
until dissolved. Add 4 or 5 drops of 
phenolphthalein indicator solution and 
titrate with standard 0.5 N H.SO, to 


the end point. 
p 


10. Determine the water content of 
the sample by A.S.T.M. Method D 95 
or by the Karl Fischer Method. 


Water 


Average Combining Weight of Sulfonate 


11. (a) Pipette 25 ml. of the de-oiled 
and desalted alcoholic sulfonate solution 
(Section 7 (b)) into a tared, ignited, 
platinum crucible. Evaporate to dry- 
ness on a steam bath, adding small 
portions of isopropyl! alcohol (or acetone 
to aid in removal of water. Dry to 
constant weight ($3) in a vacuum oven 
at 80C. under less than 3 mm. of mer- 
cury pressure, or in an atmospheric 
oven at 120C. (The drying to constant 
weight and the weighing on an analytical 
balance may be dispensed with if the 
value for S3 is taken as half of S2 (Section 
7 (c)). 

(6) Carefully heat the crucible over a 
small flame until the contents ignite; 
maintain the temperature so that the 
contents will burn gently. Ignite overa 
burner or in a muffle furnace at 600 to 
800 C., cool, and add 3 or 4 drops each 
of 36 N H2SO, and 16 N HNOs;. Heat 
carefully over a small flame until fuming 
ceases, taking care to not heat strongly 
enough to allow spitting. Repeat the 
treatment with HNO; alone until the 
ash is free of carbon (visual inspection). 
Cool, and add 3 or 4 drops of HS0: 
(sp. gr. 1.84). Fume off the acid, taking 
care to avoid spitting. When fuming 
ceases, heat in a muffle furnace at 800+ 
50 C. to constant weight (A2). 
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Specific Gravity = 


12. Fill the pycnometer with the 
sample, warming to 70 to 80C. in a 
closed vessel if necessary. If the sample 
was warmed, hold the pycnometer at 
70 to 80C. until all air bubbles have 
risen to the top. Place in a bath at 
25 + 0.2 C. for 2 hr. adding more sample 
if necessary so the pycnometer remains 
full. Remove excess product flush with 
the top of the pycnometer by means of a 
spatula. Remove the pycnometer from 
the bath, wipe the sides of the neck with 
a cloth moistened with alcohol, wipe 
dry and adjust the cap into place. 
Thoroughly dry the outside of the pyc- 
nometer and weigh to the nearest 1 mg. 
Record the sample weight as W,. 


Calculations 


13. (a) Mineral Oil Content.—Calcu- 
late the mineral oil content of the sample 
as follows: 


Mineral oil content, per cent = 


100R 
4 


where: 
W, = weight of sample in grams (Sec- 
tion 5 (a)), 
R = weight of oil residue in grams 
(Section 5 (c)), 
= weight of oil residue taken for 
ashing in grams (Section 5 (d)), 
= weight of sodium sulfate ash from 
oil residue in grams (Section 5 
(d)), and 
combining weight of sulfonate 
(if not determined, assume 465 
for the sodium salt.) 
(b) Oil-Free Total Solids—Calculate 
the oil-free total solids of the sample 
as follows: 


200A; RC 
142.1rW, 


4SiVi 


Total oil-free solids, J, per cent = 
1 


301 
where: 
Si = weight of oil-free residue in grams 
(Section 6), 
Vi = volume of alcoholic sulfonate solu- 
tion in milliliters (Section 6), and 
W, = weight of sample in grams (Sec- 
tion 5 (a)). 
(c) Oil-Free, Salt-Free Soaps, and a 


dium Sulfonate Content.—Calculate the 
oil-free soap and sodium sulfonate con- 
tent as follows: 


Oil-free, salt-free soap content, K, _ 
2S2V2Vi 


rent. 
P (V; — 


Sodium sulfonate content, per cent = 


200A,RC 
142.17W, 


where: 

Se = weight of sulfonate and carbox- 
ylate soaps in grams (Section 7 
(c)), 

V2 = volume of dehydrated alcohol 
layer in milliliters (Section 7 (0)), 

V: = volume of alcoholic sulfonate so- 
lution in milliliters (Section 6), 

W, = weight of sample in grams (Sec- 
tion 5 (a)), 

R = weight of oil residue in grams 
(Section 5 (c)), 
weight of oil residue taken for 
ashing in grams (Section 5 (d)), 
weight of sodium sulfate ash from 
oil residue in grams (Section 
5 (d)), 
combining weight of sulfonate 
(if not determined, assume 465 for 
the sodium salt), and 
percentage of sodium carboxylate 
content of sample (Paragraph 


(d)). 


Norte.—I{ the sample contains the potas- 
sium or ammonium salt or sulfonic acid and 
the combining weight is not determined, as- 
sume 481 for the potassium salt and 460 for 
the ammonium salt. 
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(d) Carboxylate Soap.—Calculate the 
carboxylate soap content of the sample 
as follows: 


Carboxylate soap content, D, per cent = 


where: 

B = acid number of residue (Section 
8 (c)) expressed as milligrams of 

KOH per gram, and 

K = percentage of oil-free, salt-free soap 
content (Paragraph (c)). 


(e) Inorganic Salts and Free Alkali.— 
Calculate the inorganic salts, plus free 
alkali content as follows: 


Inorganic salts plus free alkali, 
L,percent=J—K 


where: 

J = percentage of total oil-free solids 
(Paragraph (6)), and 

K = percentage of oil-free, 
soap content (Paragraph (c)). 


Free alkalinity as NaOH, M, per cent = Vv 
2 

where: 

V = volume of sulfuric acid consumed 

in milliliters, 

W normality of sulfuric acid, and 

_ We = weight of sample in grams (Sec- 

tion 9 (d)). 


Inorganic salts, percent = L — M_ 


L = percentage of inorganic salts plus 
free alkali, and 

M = percentage of free alkalinity as 
NaOH. 
(f) Average combining weight of sul- 

fonate-—Calculate the carboxylate soap 


salt-free 


Report or ComMitrEE D-2 (ApPENDIx III) 


correction for the purified sulfonate as 
follows: 


Sodium sulfate equivalence of carboxylate 


soap, G, per cent = 0.1273 


where: 
B = acid number of residue (Section 
8 (b)). 
Calculate the ash on the de-oiled, 
desalted soaps (Section 8 (c)) as follows: 
100A, 
Ash, F, per cent =——— 
where: 
Az=ash on de-oiled, desalted soap 
solution in grams (Section 11 
(b)), and 
S3 = weight in grams of dry de-oiled, 
desalted soaps (Section 11 (a) or 
one-half the value S: (Section 
7 (c)). 
Calculate the combining weight of the 
sodium sulfonate as follows: 


Combining weight of sodium sulfonate = 


710 


F-G 
where: 
F = percentage of ash on the de-oiled, 
desalted soaps, and 
G = percentage of sodium sulfate equiv- 
alence of carboxylate soaps. 
(g) Specific Gravity—Calculate _ the 
specific gravity as follows: 


Specific gravity, 25/25 C. = - 
c 
where: 
W, = weight in grams of sample con- 
tained by pycnometer at 25C., 
and 
W,. = weight in grams of water con- 
tained by pycnometer at 25 C. 
(Section 3 (&)). > 
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APPENDIX IV 


PROPOSED METHOD OF TEST FOR POTENTIAL GUM IN AVIATION 
GASOLINE! 
This is a proposed method and is published as information only. 


Comments are solicited and should be addressed to the American 
Society for Testing Materials, 260 S. Broad St. 


1, Scope—This method covers a pro- 
cedure for an accelerated oxidation stability 
test for aviation gasoline by means of which 
the quantity of residue (gum plus lead 
deposit) is measured after the gasoline has 
been oxidized for a specified time under 
prescribed conditions. 

2. Apparatus: (a) Bomb.—The bomb shall 
be made of a stainless steel (Note 1) with 
the inside dimensions of the portion that 
encloses the reacting gasoline-oxygen mix- 
ture conforming substantially to those shown 
in Fig. 1. The interior surface of the bomb 
end lid shall be given a high polish to facili- 
tate cleaning and to prevent corrosion. 
Other structural details such as the method 
of closure, gasket material, and outside 
dimensions are optional, provided the fol- 
lowing limitations are observed: 

(1!) The bomb shall be constructed to 
withstand a working pressure of 180 psi. 
at 212 F. (100 C.), with an ultimate strength 
at least equal to that of a bomb constructed 
of 18 per cent chromium, 8 per cent nickel 
alloy steel (Note 1) and having dimensions 
as shown in Fig. 1. 

(2) The closure (Note 2) shall be capable 
of making a seal that will not leak when the 
bomb is filled with oxygen to 100 psi. at 60 
to 80 F. (15.6 to 26.7 C.), and plunged into 
a bath at 212 F. (100 C.). Any suitable 
gasket material may be used that will not 
teact with oxygen (Note 3). 

(3) The weight of the bomb assembled 
as shown in Fig. 1, but without the oxygen 
as As. proposed method is under the jurisdiction of the 


M. Committee D-2 on Petroleum Products and 


Lubricants. Published as information, June, 1911; modi- 
fied June, 1942, June, 1944, 


, Philadelphia 2, Pa. 


valve and glass liner, shall be not less than 
5.0 lb. nor more than 8.0 lb. This weight 
shall be distributed about the sample con- 
tainer in a manner equivalent to that shown 
in Fig. 1. 


Note 1.—A suitable material is an 18 per 
cent chromium, 8 per cent nickel alloy- steel 
conforming to grade S, type 304, of the Standard 
Specifications for Corrosion-Resisting Chromium 
and Chromium-Nickel Steel Sheet, Strip, and 
Plate for Fusion-Welded Unfired Pressure Vessels 
(A.S.T.M. Designation: A 240) of the American 
Society for Testing Materials;? or S.A.E. Nos. 
30905 or 30915.3 

Note 2.—It is preferable that the closure 
ring be constructed from an alloy different from 
that used for the bomb body, particularly if 
the bomb metal is that specified in Note 1 and 
if the mating threads of the two parts are to 
move with respect to each other when a tighten- 
ing load is applied. 

Norte 3.—Reactivity with oxygen shall be 
determined by the following test: The gasket 
under test shall be placed in the bomb in the 
absence of gasuline and a gasket of similar 
composition used in the attachment of the cover. 
The bomb shall be filled with oxygen to a 
pressure of 100 psi. and immersed in a bath at 
about 212 F. (100C.). If the pressure does not 
drop more than 2 lb. from the maximum in a 
24-hr. period, with the bath temperature 
differing by not more than 2.0 F. from that when 
the pressure was at its maximum, the gasket 
shall be considered nonreactive in the presence 
of oxygen. 


(b) Glass Liner.—A glass liner for the 
bomb shall be provided, the shape and 


2 1944 Book of A.S.T.M. Standards, Part I. 


$1944 S.A.E. Handbook, p. 307 
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dimensions of which shall conform to those 
shown in Fig. 1. ‘The glass liner shall fit 
snugly inside the bomb. 

(c) Bomb Accessories..-The bomb lid 
shall be provided with a stem and stem filler 
rod, both constructed of stainless steel and 
having dimensions substantially as shown 
in Fig. 1. The inside of the stem and the 
outside of the filler rod shall be given a high 
polish to facilitate cleaning. Means shall 
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Fic. 1.—Bomb for Accelerated Oxidation. 


be provided for connecting to the bomb stem 
an indicating or recording pressure gage 
(Paragraph (d)) and a tightly closing needle 
valve (Note 4) through which oxygen may 
be admitted. The connection to the source 
of oxygen may be made as indicated in 
Fig. 1, or it may be made through a tee or 
cross connection on the top of the bomb 
stem. A circular metal plate of a diameter 
sufficient to serve as a lid for closing the 
bath when the bomb is in place shall be 
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fitted to the stem in any convenient manner 
but in the position shown in Fig. 1. A suit- 
able holder for the bomb and an adequate 
wrench for obtaining a tight closure shall 
be provided. 


Nore 4.—For convenience in handling, it 
is suggested that a tire valve and stem be at- 
tached to a three-way pressure cock which in 
turn is attached to the needle valve and that 
the oxygen be introduced through a suitable 
high-pressure air hose and fitting. It is con- 
sidered safer practice to release the gas in the 
bomb through the third unobstructed port of 
the three-way cock rather than through the 
small orifice of the tire valve. The needle valve 
must not be eliminated, as it is necessary to in- 
sure against leaks at this point during the test. 


(d) Pressure Gage.—A pressure gage with 
a maximum reading of 200 psi. shall be 
used. It may be of either the indicating or 
the recording type. The scale for the range 
100 to 180 psi. shall average at least 1 in. 
per 50 psi. pressure differential measured 
along the arc of the scale. Intervals of 
division shall be 5 psi. or less. The ac- 
curacy shall be 1 per cent of the total scale 
interval. The gage may be connected to 
the bomb stem directly or by a flexible 
metal tubing, but the total volume of the 
stem with filler rod in place and all connec- 
tions shall be not more than 15 ml. 

(e) Oxidation Bath.—The oxidation bath 
shall be a water bath having a capacity of 
not less than 4.5 gal. per bomb, and of such 
dimensions that the maintained depth of 
liquid is not less than 11.5 in. The bath 
shall be equipped with a condenser and 4 
heating unit for keeping the water boiling 
continuously. It alsoshall have a thermom- 
eter well such that the 206 F. (96.7 C.) pointof 
the thermometer (Paragraph (f)) shall be of 
the same level as the upper surface of the 
bath cover. A round opening of such a diam- 
eter as to accommodate the bomb and to fit 
the plate fastened to the bomb stem shall be 
provided. The top of the bomb lid shall 
submerged at least 2 in. below the surface 
of the bath liquid. 

(f) Thermometer.—The thermometer shall 
be an A.S.T.M. Saybolt Viscosity Thermom 
eter, graduated in either Fahrenheit or Cet 
tigrade degrees as specified, having a rang 
of 204 to 218 F. or 95 to 103 C. and conform 
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ing to the requirements for this thermome- from 320 to 330 F. (160 to 165.8C.). Ethyl- 
ter as prescribed in the Standard Specifica- ene glycol containing approximately 3 per - 


ate tions for A.S.T.M. Thermometers (A.S.T.M. cent water is suitable for the purpose. 
hall Designation: E 1) of the American Society The bath shall be insulated with asbestos. 
for Testing Materials.‘ An electric hot plate capable of keeping the 
(g) Evaporation Bath.—The evaporation _ liquid boiling actively is the preferred heat- 
yy It bath shall consist of a closed vessel provided ing means. In the absence of a satisfactory 
3"Long 
table 
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Phe ac- “Bath and Air 
al scale ‘no Preheater' cotton or Glass 
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flexible H 
d of such — / 
Heater-° 
ser and ~ Flow Meter, To Air Suppl, 
er boiling 7 not drawn 
thermom- to scale 
> awe Fic. 2.—Apparatus for Determining Gum Content of Oxidized Gasoline. 
sha 
8 om with a reflux condenser, a well into which the _ hot plate, the bath may be heated by a gas 
1c a to ft beaker fits, a coil for preheating the air, and burner, in which case the apparatus shall 
> ani hall be a conical adapter to deliver the air into the be placed in a hood with a good draft. 
oe hall be center of the beaker. A suitable form of (h) Beakers.—The beakers shall be of the 
lid s ate apparatus is shown in Fig. 2. A multiple Berzelius type, made of heat-resistant glass, 


bath having similar provisions is also satis- Without lip, and of 100-ml. nominal capacity. 

factory. ‘The bath shall be filled to within (i) Gooch Crucible. A sintered-glass Gooch 

crucible, fine porosity, of 25-ml. nominal 

capacity shall be used. 

(j) Air Supply.—Low-pressure air shall — 

*1944 Book of A.S.T.M. Standards, Part SUL. be passed through a cotton or glass-wool 
¢ ail 


I in. of the top with a stable liquid having a 
boiling point within a temperature range 
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filter and delivered to the preheater inlct of 
the bath. A flowmeter or other air- 
measuring device shall be provided as shown 
in Fig. 2. The flowmeter shall be calibrated 
when attached to the bath with the bath 
liquid at room tempcrature. 

3. Procedure-—(a) Carefully clean the 
bomb and its accessories before starting the 
test. Wash the glass liner with a suitable 
gum solvent (Note 5) and allow to dry. 
Soak the liner for a minimum of 12 hr. in 
chromic acid solution, rinse at least three 
times with distilled water, and finally dry by 
heating inanoven. The glass liner should be 
handled only with clean metal forceps after 
cleaning. Drain from the bomb any gasoline 
present and wipe the inside of the bomb and 
cap, first with a clean cloth moistened with the 
gum solvent and then with a clean dry cloth. 
Remove the gum or gasoline in the annular 
space with gum solvent. Occasionally re- 
move the filler rod from the stem and 
carefully clean both stem and rod. The 
annular space shall be thoroughly dry before 
each test is started. 

Note 5.—Either acetone or a blend of benzol 
and ethyl alcohol (1:1) is a satisfactory gum 
solvent. 


(b) Bring the bomb and the gasoline to 
be tested to a temperature of 60 to 80 F. 
(15.6 to 26.7 C.). Place the glass liner 
in the bomb and add 100 + 1 ml. of sample. 
Close the bomb and introduce oxygen until 
a pressure of about 100 psi. is obtained. 
Allow the gas in the bomb to escape slowly 
in order to flush out the air originally pres- 
ent. Introduce oxygen again until a pres- 
sure of about 100 to 102 psi. is obtained, 
and then observe for leaks (Note 6). If 
there are no leaks, the test may be con- 
tinued. 

Norte 6.—An initial rapid drop in pressure, 
generally not over 6 psi. may be observed 
because of the solution of oxygen in the sample. 
If after a few minutes the rate of pressure drop 
does not exceed 1 psi. in 10 min., the absence of 
leaks may be assumed. 

(c) Place the charged bomb in the bath 
of vigorously boiling water, being careful 
to avoid shaking, and record the time of 
immersion as the starting time. Maintain 
the temperature of the water at 212 + 0.2 F. 
(100 + 0.11 C.). 


Leave the bomb in the 


oxidation bath for the specified time, 
(Note 7). If the atmospheric pressure is 
such that the temperature of boiling water 
is not within the specified range of 212 + 
0.2 F. (100 + 0.11 C.) but is or can be made 
to fall within the range of 209 to 215 F. 
(98.3 to 101.7 C.), increase or decrease the 
time of heating in accordance with the 
schedule given in Table I. 


TABLE I.—TEMPERATURE CORRECTION 
FACTORS? 


Temperature Correction 
Factor 
deg Cent. deg. Fahr. 

98.8 1.116 
99.0 210.2 1.096 
99.2 1.075 
99.4 210.9 1.056 
99.6 211.3 1.037 
99.8 1.019 
190 0 212.0 1.009 
100.2 0 982 
100.4 0.964 
100.6 0.947 
100.8 213.4 0.930 
101.0 213.8 0.914 
101.2 214.2 0.897 
101.6 0.865 


@ To obtain the correct aging time at the desired oper- 
ating terperature multiply the specified time at 212 F. 
(100 C.) by the factor given. 


Norte 7.—If, as indicated by a steady drop in 
pressure, a leak develops after the bomb is 
placed in the bath, the test shall be discarded. 


(d) At the completion of the oxidation 
period, remove the bomb from the bath and 
cool rapidly with water while the charging 
valve is still closed. Release the pressure 
slowly, take the bomb apart, and remove 
the glass liner. 

(e) Filter the oxidized gasoline through 
a clean, dried, weighed Gooch crucible and 
save the filtrate. Wash the interior of the 
liner twice with fresh 10-ml. portions of 
solvent (Note 5) to remove any insoluble 
gum or visible lead precipitate. Filter the 
washings through the crucible and add the 
filtrate to the filtered oxidized sample. To 
insure homogeneity, mix the combined fi- 
trates thoroughly and reserve for the gum 
determination (Paragraph (z)). Wash any 
visible precipitate remaining in the glass 
liner with additional solvent. Collect the 
precipitate in the crucible, but discard the 
wash liquid. Dry the crucible at ; at 302f. 
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(150 C.) in an oven for 1 hr., cool in a covered 
vessel, and weigh. Record any increase in 
weight greater than 0.2 mg. as visible lead 
precipitate. 


Note 8.—Avoid expos'ng the sample to day- 
light prior to and during this test. At the end 
of the test no visible precipitate shall be present 
in the glass liner. 


(f) Wash two test beakers, and a similar 
tare beaker, free from gum with the solvent 
(Note 5), immerse for at least 12 hr. in 
chromic-acid cleaning solution, and wash 
thoroughly, first with tap water and then 
with distilled water. Subsequent to re- 
moval from the cleaning solution, handle 
the beakers only by means of clean metal 
forceps. After washing, thoroughly dry all 
three beakers by heating to about 302 F. 
(150C.), and allow to cool simultaneously 
for the same period of time, but not less than 
hr., in a covered vessel (Note 9). Weigh 
each test beaker, using the tare (Note 10) on 
the opposite balance pan. After weighing, 
replace the tare beaker in the covered vessel 
and place the test beakers in the wells of the 
bath as shown in Fig. 2. Adjust the air 
flow to a rate, at the point of measurement, 
of | liter per sec. +15 per cent. Heat the 
bath so that the temperature of the effluent 
air, measured by a thermometer placed on 
the bottom of the beaker at the center, is 
from 305 to 320 F. (151.7 to 160C.). This 
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is governed largely by the rate of boiling of 
the bath tiquid and the rate of air flow. 


Note 9.—The use of drying agents in the 
covered vessel and in the balance case is not 
recommended. 

Note 10.—For routine tests it is permissible 
to use the same beaker as a tare for more than 
one test beaker but not for more than six test 


beakers, provided all are heated at the same 
time. 


(g) Remove the conical adapters and pour 
approximately one half (plus or minus 2 
ml.) of the reserved filtrate (Paragraph (e)) 
into each beaker; then replace the adapters 
on the air outlet so that they are vertically 
above the center of the surface of the liquid. 
After the liquid has evaporated, which 
should require from 5 to 10 min., leave the 
beakers in place for an additional 15 min., 
the air supply being maintained. During 
this 15-min. period, heat the tare beaker to 
about 302 F. (150C.). Allow both test 
and tare beakers to cool simultaneously for 
the same period of time, but not Icss than 
1 hr., in a covered vessel under the same 
conditions as prescribed in Paragraph (f). 
Weigh the two test beakers as before the test 
(Note 10). Record in milligrams the sum 
of the increase in weight of the beakers. 

4. Report-—Report the value recorded in 
Section 3 (g) as potential gum per 100 ml. 
of sample. Report the sum of the potential 
gum and visible lead precipitate (Section 3 
(e)) as total residue per 100 ml. of sample. 
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REPORT OF SECTIONAL COMMITTEE Z1i1 


ON 


PETROLEUM PRODUCTS AND LUBRICANTS 


ASA Project: 


Sectional Committee Z11 on Petro- 
leum Products and Lubricants held one 
meeting during the year: in Pittsburgh, 
Pa., on June 29, 1943. 

During the past year, the American 
Standards Association, on the recom- 
mendation of the sectional committee, 
reapproved two American Standards in 
which revisions have been made, and 
likewise approved three A.S.T.M. stand- 
ards as American Standard for the first 
time, assigning the following ASA desig- 
nations: 

Test for Vapor Pressure of Petroleum Products 

(Reid Method) (D 323-43; ASA Z11.44), 
Test for Carbonizable Substances in White 

Mineral Oil (Liquid Petrolatum) (D 565 - 

43; Z11.49—1943), 

Test for Dropping Point of Lubricating Grease 

(D 566 — 42; Z11.51—1943), 

Test for Carbonizable Substances in Paraffin 

Wax (D 612 - 43; Z11.50—1943), and 
Standard Viscosity-Temperature Charts for 


Liquid Petroleum Products (D 341 - 43; 
Z11.39—1943). 


At a meeting held during the 1944 
Annual Meeting of the A.S.T.M., the 
following four tentative standards were 
recommended by Committee D-2 on 
Petroleum Products and Lubricants for 
reference to letter ballot of the Society 
for adoption as standard. The sec- 
tional committee voted to recommend 
to the American Standards Association 
the approval of these methods as Ameri- 
can Standard upon their adoption as 
A.S.T.M. standards: 

Test for Oil Content of Paraffin Wax (D721 - 

43 7), 

‘Test for Knock Characteristics of Motor Fuels 

(D 357 - 43 T), 


Test for Saponification Number of Petroleum 


Conversion of Kinematic Viscosity to Saybolt 

Furol Viscosity (D 666-42). 

These four recommendations will ac- 
cordingly be referred to letter ballot in 
the sectional committee. 

Since the standards listed below, 
already having ASA approval, have 
been revised this year, Committee D-2 
has recommended that they be presented 
to the ASA in their revised form for 
reapproval as American Standard: 


Revision of A.S.T.M. Standard Methods of: 


Test for Gum Content of Gasoline (D 381- 
42; Z11.36—1942), 

Test for Sulfur in Petroleum Oils by Bomb 
Method (D 129 - 39; Z11.13—1939), and 
Test for Viscosity by Means of the Saybolt 

Viscosimeter (D 88 — 38; Z11.2—1938). 


The sectional committee voted to 
refer these revisions to the ASA subject 
to approval by letter ballot. 

The election of officers and other mem- 
bers of the Executive Committee of 
Sectional Committee Z11 for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, T. A. Boyd. 

Vice-Chairman, T. G. Delbridge. 

Other members of Executive Con 
mittee: 

R. P. Anderson, 
A. L. Beall, 
H. C. Dickinson, 


A. J. Kraemer, 
K. G. Mackenzie, and 
J. B. Rather. 


Respectfully submitted on behalf of 
the sectional committee, 
T. A. 
Chairmas. 


R. E. HEss, 


Products (D 94 - 43 T), as revised, and Secretary. 
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A joint meeting of Committee D-3 on 
Gaseous Fuels and its seven subcom- 
mittees was held on October 24, 1943, in 
St. Louis, Mo. 

Reports were presented at this meeting 
by subcommittee chairmen covering 
the activities of their groups during the 
preceding year. In spite of the increas- 
ing amount of attention which many of 
the members are giving to war projects, 
considerable progress has been made in 
the committee work. Steps have also 
been taken looking toward the distribu- 
tion of further information developed 
from previous studies so that it could be 
made more generally available. 

Brief accounts of the activities of the 
various subcommittees for the past year 
are given below: 

Subcommittee I on Collection of Gaseous 
Samples (S. J. Modzikowski, chairman). 
—The work of this group is in process of 
reorganization. It is planned to prepare 
individual methods for sampling of 
natural, manufactured, and liquefied 
petroleum gases These methods will be 
published individually as soon as they 
are completed. 

Subcommittee II on Measurement of 
Gaseous Samples (H. S. Bean, chairman). 
~—A patent was granted during the year 
covering an attachment to wet gas 
meters, based on work previously per- 
formed for this group. The purpose of 
this attachment is to maintain constant 
the volume discharged per revolution of 
the drum regardless of the flow rate 
within the capacity range of the meter. 

Subcommittee III on Determination of 
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Calorific Value of Gaseous Fuels (R. B. 
Harper, chairman).—Work is now prac- 
tically completed on the assembly of 
established data, formulas, charts, di- 
agrams, procedures, etc., into a proposed 
tentative method for the determination 
of the calorific value of industrial gaseous 
fuels. It is expected that the method 
will be referred to letter ballot vote in 
the subcommittee in the fall of 1944. 
Subcommittee IV on Determination of 
Specific Gravity and Density of Gaseous 
Fuels (E. F. Schmidt, chairman).— 
At the request of the chairman, an 
abstract was prepared of the “Report on 
Tests of Instruments for the Determina- 
tion, Indication, or Recording of the 
Specific Gravities of Gases,” issued in 
mimeographed form by the National 
Bureau of Standards. This report is 
quite voluminous, consisting of 240 pages 
with numerous illustrations, graphs, and 
tables. Only limited distribution was 
possible at the time but on account of 
the value of the intormation presented, 
it was felt highly desirable that attention 
of those interested in specific gravity 
measurement should be directed to the 
availability of this report. Therefore, 
at the request of the subcommittee, an 
article was prepared for publication by 
the secretary of Committee D-3 entitled 
“Instruments for Determination of Spe- 
cific Gravity of Gases.” Reprints are 
expected to be available shortly. 
Consideration is now being given to 
publication of the complete report. It is 
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Subcommitiee V on Determination of 
Sp:cial Constituents of Gaseous Fuels 
(E. F. Pohlmann, chairman).—Con- 
sideration is beng given to the develop- 
ment of methods for determination of 
sulfur. An investigation is in progress 
at the Institute of Gas Technology in 
Chicago to determine the identity and 
proportions of specific sulfur compounds 
in gaseous fuels. 

Analytical methods are be!ng prepare4 
which cover determination of total organic 
sulfur, carbon disulfide, carbon oxy- 
sulfide, mercaptans, an 1 thiophenes. 
Subcommittee VI on Determination of 


(A. W. Gauzger, chairman).—A revised 
proce lure for calorimetric determination 
of water vapor in gaseous fuels has been 
worke | out an! prepared by R. J. Pfister 
ani D. J. Kerley. In addition to 
distribution in the committee for com- 
ment, it has been publishe! in the 
ASTM Bu tetin.! 

E. R. Weaver of the National Eureau 
of Standards has submitte1 to the chair- 
man a new proce lure for the de‘ermina- 
tion of water vapor in oxygen. This 


aN Vapor Content of Gaseous Fuels 


- prove lure, which is based on the con- 


. Pfister and D. J. Kerley, “A Colorimetric 


IR. 
. or Determining the Water Vapor Content in Fuel 


Gases, Utilizing the Evelyn Colorimeter,” ASTM Butte- 
ttn, No. 127, March, 1944, p. 17. u 


ductivity of a film, will be tested in The 
Pennsylvania State College Laboratories 
on Gaseous Fuels. 

Subcommittee VII on Complete Analy- 
sis or Chemical Composition of Gascous 
Fuels (Martin Shepherd, chairman),— 
Steps are now ke‘ng taken looking toward 
the publication of the recults of the co- 
operative analysis of standard gas 
samples conducted by the subcommittee 
anil assisting laboratories. The first 
part of this report is expected to be 
available during the summer and the 
secon] part before the end of the year, 
Additional analyses are now under way 
so that rezults can Le included in this 
report when issued. 


The present officers of the ccmmittee 
have been re-elected for the ensuing term 
of two years. 


This report has keen submitted to 
letter ballot of the committee which 
consists of 33 members; 28 members 
reiurne1 their ballots; all of whom voted 
affirmatively. 


Re:pectfully submitted on kehalf of 
the committee, 


A. W. GAUGER, 
Chairman 


R. M. Conner, 
Secretary. 
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REPORT OF COMMITTEE D-4_ 


ON 


ROAD AND PAVING MATERIALS 


Committee D-4 on Road and Paving 
Materials has held two meetings during 
the past year: in Pittsburgh, Pa., on 
June 28, 1943, and in Cincinnati, Ohio, 
on February 29, 1944. 

Subsequent to the 1943 Annual Meet- 
ing, Committee D-4 presented to the 
Society through Committee E-10 on 
Standards, the following recommenda- 
tions: 


Tentative Revisions of Standards: 


Specifications for Preformed Expansion Joint 
Fillers for Concrete (Nonextruding and 
Resilient Types) (D 544-41), 

Methods of Testing Preformed Expansion Joint 
Fillers for Concrete (Nonextruding and 
Resilient Types) (D 545 — 41), and 


Revision of Tentative Standard: 


Specifications for Tar (D 490 - 43 T). 


The tentative revisions were accepted! 
by Committee E-10 on November 4, 
1943, and the revised tentative standard 
was accepted' on November 10, 1943. 
All three recommendations appear in 
the 1943 Supplement to Book of A.S. 
T.M. Standards, Part II. 


I. New TENTATIVE STANDARD 


Committee D-4 recommends that the 
Method of Test for Hot Extraction of 
Asphaltic Materials and Recovery of 
Bitumen by the Modified Abson Pro- 


'In submitting these recommendations to Committee 
E-10 on Standards, Committee D-4 reported the following 
results of the letter ballot vote from a committee mem- 

tship of 128: D 544, affirmative 49, negative 6, ballots 
marked ‘not voting’ 14; D 545, affirmative 53, negative 
2, ballots mar.ed “not voting” 14; D 490, affirmative 51, 
negative 1, ballots marked **not voting’? 17. 


cedure,? developed by Subcommittee 
B-6 on Extraction and Recovery of 
Constituents from Bituminous Mixtures 
(R. R. Thurston, chairman), be ac- 
cepted for publication as tentative. 
This method is the result of a large 
volume of cooperative work on the part 
of the members of the subcommittee, 
the results of which are shown in Tables I 
II. 


II. ADoi TION AS STANDARD OF 
TENTATIVE REVISIONS OF 
STANDARDS 


The committee recommends that the 
tentative revision? of the Standard 
Method of Test for Ductility of Bitumi- 


August, 1941, be approved for reference | 
to letter ballot of the Society for adoption 
as standard. 

Committee D-4 joins with Committee 
C-9 on Concrete and Concrete Aggre- 
gates in recommending incorporation 
in the present Standard Method of Test 
for Abrasion of Coarse Aggregate by 


- nous Materials (D 113 — 39), submitted 


_ Use of the Los Angeles Machine (C 131 - 


39), the tentative revisions which were 
submitted in June, 1941, and which 
appear on page 1441 of Part II of the 
1942 Pook of A.S.T.M. Standards. 
Recommendation for the advancement 
of these tentative revisions to standard 
has not been made previously because 


2 This method was accepted as tentative by the Society 
and appears in the 1944 Book of A.S.T.M. Standards, 
Part II, p. 1386. 

21943 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 165. 
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On ROAD AND PAVING MATERIALS 


it had been hoped to expand them and, 
at the same time, provide for tests of 
coarser gradings. However, preliminary 
investigations of the problems of testing 
coarser gradings reveal that further 
research is needed before satisfactory 
recommendations can be derived, and 
accordingly it is felt that the revisions 
already tentatively adopted, which have 


Tentative Specifications for: 


Tentative Volume Correction Table for Tar and 
Coal-Tar Pitch (D633-41T), submitted 
jointly with Committee D-8 on Bituminous 
Waterproofing and Roofing Materials. 

Crushed Stone, Crushed Slag, and Gravel for 
Water-Bound Macadam Base and Surface 
Courses of Pavements (D 694-42 T), and 

Crushed Stone and Crushed Slag for Bituminous 
Macadam Base and Surface Courses of Pave- 
ments (D 693-427), revised as follows: 


TABLE IIl.—COOPERATIVE WORK ON RECOVERY OF ASPHALT FROM PAVEMENT SAMPLES BY 
MODIFIED ABSON METHOD. 


Jept. 


Viewels Chicago 
Highway Labora- 


Wiscon- 
sin 
State 
Dept. | 


te at 
ighway 
Dept. Hig 


Testing 


tory 


SAMPLE FROM THE Texas Co., BEACON, N. ‘YY. (LABORATORY MIxeEpD) 


Rasovened Asphalt, per cent 10.3 10.21 
Tests on Recovered Asphalt: 
at 25C. (77 F. ), 100 g.,5 
sec. (A.S.T.M. D 5)* 59 
Ductility C. (77 F.), (5 cm. 
min.), cm. (A.S.T.M. D 113) 
Ash, per cent (A.S.T.M. D 271)° 


54.4 


103 110+ 
0.23 


0.40 


11.3 10.2 


60 51 


105 70 65 


98 
0.28 0.27 0.41 0.41 


SAMPLE FROM WISCONSIN HIGHWAY DEPARTMENT (ROAD SAMPLE) 


Recovered Asphalt, per cent.. 5.8 6.12 
Tests on Recovered Asphalt: 
Penetration at 25 C. (77 F.), 100 g., 5 
sec. (A.S.T.M. D 5)? 35 35 
Ductility at 25 C. (77 F. ), (5 cm. per 
min.), cm. (A.S.T.M. D 113 1504+ 105+ 
Ash, per cent (A.S.T.M. D 271)°.... 1.97 1.11 


5.9 5.81 6.1 


31 34 30 28 


150+ 150+ 110+- 
1.46 0.87 1,98 


140+ 
0.15 


SAMPLE FROM MICHIGAN HIGHWAY DEPARTMENT (ROAD SAMPLE) 


Recovered Asphalt, per cent......... 5.4 5.54 
Tests on Recovered Asphalt: 
Penetration at 25 C. (77 F. ), 100 g-» 5 
sec. (A.S.T.M. D 
Ductility at 25 C. (77 F.), (5 cm. per 
min.), cm. (A S.T.M. 113)° 
_Ash, per cent (A.S.T.M. D 271)°.. 


5.4 5.34 5.3 


* Standard Method of T est for Penetration of Bituminous Materials (D 5- 25), 1942 Book of A.S.T.M. Standards, Part 


I, » 483; Part IIT, p. 194. 


Standard Method of Test for Ductility of Bituminous Materials (D 113 - 39), 1942 Book of A.S.T.M. Standards, 


Part II, p. 4 


¥ Standard Methods of Leberetery Sampling and Analysis of Coal and Coke (D 271 - 43), 1943 Supplement to Book 


of A.S.T.M. Standards, Part III, p. 1 


Note 1.—Chicago Testing Laboratory—centrifuged for 15 nin, in 250-ml. batches in Sharples super-centrifuge. 
Note 2.—Chicago Testing Laboratory, Michigan, and Arizona used a Rotarex for extraction instead of the specified 


extractor. 


proved acceptable, should no longer be 
continued as tentative revisions of the 
existing standard. 


III. ADopTiON OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following tentative standards be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard: 


Section 5.—Replace Notes 1 and 2 in this 
section by the following: 

Note.—Sizes have been selected from the 
Tentative. Specifications for Standard Sizes of 
Coarse Aggregate for Highway Construction 
(A.S.T.M. Designation: D 448). An appropri- 
ate size should be selected for each use, depend- 
ing on thickness of the base or surface course, 
quality of the aggregate, and on other local 
construction and service conditions. 

For the harder aggregates, any of the sizes 
specified for penetration course aggregate may 


403 
New 
A.W. | Jersey 
Dow, State 
Inc. | Highway 
Dept. 
10.2 10.8 
0.33 0.16 
6.07 
0.82 1.0 | 
A 
57 59 56 57 57 oO 
: 1404+ | 150+ | 150+ | 110+ | 100+ | 1504 ; 
ot 0.02 0.62 0.55 0.88 0.48 0.4 
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be appropriate, depending upon characteristics 
of the construction. For softer aggregates 
which tend to break down under the roller, the 
larger sizes should be used. The line of demar- 
cation between harder and softer aggregates 
may be fixed conveniently by selection of limit- 
ing percentages of wear, Los Angeles machine, 
depending on characteristics of aggregates 
available in each locality. 

The size of choke aggregate best suited for 
the work depends upon the size of surface voids 
in the penetration course and on fluidity of the 
bituminous binder. The more fluid binders 
require a densely graded choke aggregate (sizes 
67 or 78), while the open gradations of aggregate 
are more suitable for the more viscous hot-appli- 
cation binders. The following combinations 
of size numbers are suggested: 


Size a Size of Choke Aggregate 


Course Aggregate 


Viscous Binders} Fluid Binders 


5 67 
. Sere 5 or 6 67 or 78 
6or7 78 


The size of seal-coat aggregate depends upon 
the type of surface desired. 


Committee D-4 at a meeting on June 
27, 1944, received certain recommenda- 
tions from the Joint Subcommittee, of 
Committees D-4 and D-18, on Tests and 
Specifications for Stabilized Soils. Asa 
result it has referred to letter ballot the 
adoption as standard of the following 
tentative methods: 


Methods of: 


Test for Moisture-Density Relations of Soil- 
Cement Mixtures (D558-40T) with the 
revisions as given in the report of Committee 
D-18, 

Wetting-and-Drying Test of Compacted Soil- 
Cement Mixtures (D559-40T), and 

Freezing-and-Thawing Test of Compacted Soil- 

Cement Mixtures (D 560-40 T). 


Tentative 


_ Contingent upon favorable letter bal- 
lot and also upon a similar recommenda- 
tion from Committee D-18, Committee 
D-4 recommends that the Society accept 
these tentative standards for immediate 
mugs as standard and accordingly 


REPORT OF COMMITTEE D-4 


asks for a nine-tenths vote of approval 
of this recommendation at the annual 
meeting. 


IV. STANDARDS AND TENTATIVE 
STANDARDS CONTINUED 
WitHOouT REVISION 


Owing to wartime conditions, many 
subcommittees are temporarily inactive 
and Committee D-4 has not been able to 
secure definite recommendations from 
all subcommittees responsible for the 
development of the following tentative 
standards which have been published 
without revision for a number of years, 
Committee D-4 therefore recommends 
that they be continued as tentative 
without revision. 


Tentative Specifications for: 


Standard Sizes of Coarse Aggregate for Highway 
Construction (D 448 - 42 T), 
Materials for Stabilized Base Course (D 556- 


40 T), 

Materials for Stabilized Surface Course (D 557 - 
40T), 

Cut-Back Asphalt (Rapid Curing Type) 
(D 597 - 40 T), 


Cut-Back Asphalt (Medium Curing Type) 
(D 598 - 40 T), 

Crushed Stone, Crushed Slag, and Gravel for 
Bituminous Concrete Base and Surface 
Courses of Pavements (D 692 — 42 T), 


Tentative Methods of Test for: 


Loss on Heating of Oil and Asphaltic Compounds 
(D6-39T). A cooperative study of this 
method by members of Subcommittee B-18 on 
Loss on Heating (E. B. Tucker, chairman) has 
shown the need for revision in order to secure 
more reliable results on materials having high 
losses. This matter is under further investi- 
gation. 


Tentative Methods of Sampling: 
Stone, Slag, Gravel, Sand, and Stone Block for 
Use as Highway Materials (D 75 - 42T), 
Bituminous Materials (D 140-41 T), and 
Tentative Revision of Standard: 
Methods of Chemical Analysis of Calcium 
Chloride (D 345 - 34). 
The recommendations appearing i 
this report have been submitted to letter 
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TABLE I1I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 

irm-| Nega- | Marke 

Items ative | tive | “Not 
Voting”’ 


: New TENTATIVE STANDARD 
st for Hot Extraction of As- 
Materials and Recov- 
covery of Bitumen by the 
Modihed Abson Procedure 8) 4 11 


II. ADOPTION AS STANDARD OF 
TENTATIVE REVISION OF 
STANDARD 
Test for Ductility of Bitumi- 
nous Materials (D 113 - 39; 
ASA A37.11 - 1943)........... 82 2 11 
Test for Abrasion of Coarse Ag- 
gregate by Use of the Los An- 
geles Machine (C 131 - 39).. 72 0 7 


Ill. ApopTION oF TENTATIVE 
STANDARDS AS STANDARD 

Spec. for Crushed Stone, 
Crushed Slag, ind Gravel for 
Water-Bound Macadam Base 
and Surface Courses of Pave- 
a (D 694 - 42 T) 70 2 23 
for Crushed Stone and 
Slag for Bituminous 
Macadam Base and Surface 
Courses of Pavements (D 693 - 


42 T) as revised 61 0 16 
\ x kd Correction Table for 

Tar and Coal-Tar Pitch 

(D 633 - 41 T) 65 0 30 


Method of Test for Moisture- 
Density Relations of Soil-Ce- 
ment \.ixtures (D 558-40 T), 63 0 14 
Method of Wetting-and-Drying 
Test of Compac cted Soil- Ce- 
ment Mixtures (D 559-407T)..| 61 2 14 

Method of Freezing-and-Thaw- 
ing Test of Compacted Soil- 
Cement Mixtures (D 560 - 


Eprrorrat Nore 


Subsequent to the Annual Meeting, Committee D-4 and Committee D-18 
on Soils for Engineering Purposes presented to the Society through Committee 
E-10 on Standards a proposed Tentative Method of Test for Determining 
Cemeat Content of Soil-Cement Mixtures. 
ac:epted by Committee E-10 on August 28, 1944, and appears in the 1944 
Book of A.S.T.M. Standards, Part II, p. 1402, under the aes D 805 - 


44 T. 
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ballot of the committee which consists of 
122 members; 95 members returned their 
ballots with the results shown in Table 
ll. | 


The election of officers for the ensuing . 
term of two years resulted in the selection 
of the following: 
Chairman, Shreve Clark. | 
First Vice-Chairman, W. J. 
Second Vice- A. T. Gold-— 
beck. 
Third Vice-Chairman, F. D. Rhodes. 
Secretary, Prévost Hubbard. 


This report has been submitted to © 
letter ballot of the committee which 
consists of 122 members; 95 members 
returned their ballots, of whom 85 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
C. N. Forrest, 
Chairman. 
Prevost HUBBARD, 
Secretary. 
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REPORT OF COMMITTEE 


ON 


COAL AND COKE 


Committee D-5 on Coal and Coke 
held a meeting in Cincinnati, Ohio, on 
February 28, 1944; another meeting will 
be held at the Annual Meeting of the 
Society in June, 1944, in New York, 
N. Y. Meetings of Subcommittee I on 
Methods of Testing, Subcommittee XV 
on Plasticity and Swelling of Coal, and a 
section of Subcommittee XIII on Coal 
Sampling, designated as Special Section 
on Sampling Coal for Volatile Matter 
Determination in Connection with City 
Smoke Ordinances, were held in Cin- 
cinnati, Ohio, on February 28, 1944; and 
on October 27, 1943, a meeting of Sub- 
committee XIII on Coal Sampling was 
held in Pittsburgh, Pa. 

It is with deep regret that the com- 
mittee announces the sudden death on 
June 14, of Dr. Horace C. Porter who for 
many years has rendered valuable tech- 
nical and administrative services as vice- 
chairman of the committee and as 
chairman of Subcommittee IL on No- 
menclature and Definitions. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, A. C. Fieldner. 

Vice-Chairman, O. O. Malleis. 

Secretary, W. A. Selvig. 


A. W. Gauger has been appointed to 
serve as chairman of Subcommittee II 
on Nomenclature and Definitions. 

During the year there was one resigna- 
tion from the committee and one new 
member was added. ‘The present mem- 
bership of Committee D-5 is 53, of 


whom 15 are classified as producers, 17 as 
consumers, and 21 as general interest 
members. 


I. REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


Standard Method for Designating the 
Size of Coal from Its Screen Analysis 
(D 431 — 38)..—The committee recom- 
mends for immediate adoption the 
following revisions in Method D 431, 
prepared by Subcommittee XIX or 
Designation of Coal Sizes (J. D. Doherty, 
chairman), and accordingly asks for a 
favorable nine-tenths vote at the Annual 
Meeting in order that these modifica 
cations may be referred to letter ballot 
of the Society: 

Section 4.—Change to read as follows 
by the addition of the italicized words 
and figures and the omission of those in 
brackets: 


4. The designation shall indicate the range 
of the size by giving the [lower] upper and 
[upper] lower limiting screens between which 
more than 80 per cent of the sample is retained 
by actual test, the limiting screens being selected 
as follows: 

(a) The screen defining the [lower] upper 
limit shall be the [largest] smallest screen of the 
series given in Section 3 [through which passes 
upon which is retained a total of less than [15] 5 
per cent of the sample. ‘The screen defining the 
[upper] lower limit shall be the [smallest] largest 
screen of the series given in Section 3 [upo 
which is retained] through which passes a total ol 
less than [5] 15 per cent of the sample. . 

(b) The terms for defining sizes shall be wnt 
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— 
ab 
| th 
ol 
| sm 
eat 
| ret 
| ant 
giv 
“AY 
thre 
Cor 
dust 
thra 
A 
conc 
pub] 
not ; 
Il, 
Te 
Gros. 
omr 
tions 
for 
Socie 
Ins 
Heat 
the t 
the 
4 
1€ Ce 


17 as 
erest 


IATE 


g the 
alysis 
ecom- 
the 
431, 
X or 
herty, 
for a 
\nnual 
ydifica- 
ballot 


follows 
words 
hose in 


he range 
pper and 
which 
retained 
g selected 


er] upper 
een of the 
ch passes) 
han [15] 5 
efining the 
est] largest 
n 3 [upoo 
; a total 


be writ 


t ill. 


= 


ten with the [lower] upper limiting screen first, 
followed by [a dash] an “X” and that followed 
by the [upper] Jower limiting screen. The 
abbreviation “in.” shall follow the [upper] 
lower limiting screen but may be omitted after 
the [lower] upper limiting screen. For screens 
of the U. S. standard sieve series (No. 4 and 
smaller), the abbreviation “No.” shall be used 
each time a screen is indicated. If the total 
retained on the 8-in. screen is 5 per cent or 
greater, the size shall be designated by the lower 
limiting screen preceded by the word “plus” 
and followed by an expression in parentheses 
giving the percentage over 8 in. to the nearest 1 
per cent. 

(c) The following examples illustrate the 
system of size designation. 

Examples: plus 3 in. (10 per cent over 8 in.) 

plus 4 in. (24 per cent over 8 in.) 

plus No. 16 (6 per cent over 8 in.) 

(2-4 in.] 4 x 2 in. 

(3-3 in.] 3 x 4 in. 

No. 4-2 in.] 2 in. x No. 4 

No. 30-No. 4] No. 4 x No. 30 

No. 50-1 in.] 1 in. x No. 50 


Note 2.—In the first sentence change 
“Anthracite Institute” to read ‘An- 
thracite Committee of the Production 
Control Plan for the Anthracite In- 
dustry” and “Institute” to read “An- 
thracite Committee.” 
Appendix.—Delete the Appendix on 
condensed size designation which was 
published for information only and was 
hot a part of the standard method. 


Il. ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


Tentative Definitions of the Terms 
Gross Calorific Value and Net Caloritic 
Value of Fuels (D 407- 35 T).—The 
committee recommends that these defini- 
tions, revised as follows, be approved 
lor reference to letter ballot of the 
Society for adoption as standard: 

Insert the alternate term ‘(Gross 
Heat of Combustion)” immediately after 
the term “Gross Calorific Value,” and 
ie alternate term “(Net Heat of 

mbustion)” immediately after the 


m “Net Calorific Value” throughout 
¢ definitions. 
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Note.—Change the note at the end 
of the definitions to read as follows by 
the addition of the italicized words and 
figures and the omission of those in 
brackets: 


Note.—tThe net calorific value (net heat of 
combustion) is calculated from the gross calorific 
value (gross heat of combustion) at 68 F. (20 C.) 
by making a deduction of [1020] 1030 Btu. per 
Ib. ([567] 572 cal. per g.) of water derived from 
unit quantity of fuel, including both the water 
originally present as moisture and that formed 
by combustion. The deduction is not equal to 
the latent heat of vaporization of water [1050 
Btu. per Ib. at 75 F. (24 C.)] (1055 Btu. per lb. 
at 68 F. (20 C.)) because the calculation is made 
to reduce from gross value at constant volume 
to net value at constant pressure, for which the 
[correct] appropriate factor under these condi- 
tions is [1020] 1030 Btu. per lb. 


III. ApDorpTIon oF TENTATIVE REVISION 
OF STANDARD AS STANDARD 


Standard Methods of Laboratory Sam- 
pling and Analysis of Coal and Coke 
(D 271 — 43).2—The committee recom- 
mends that the tentative revision® of 
these methods submitted June, 1943, 
consisting of the addition of a Note 3 
under Section 11 giving instructions for 
determination of ash in coals unusually 
high in calcite and pyrite, be approved 
for reference to letter ballot of the 
Society for adoption as standard. 


IV. Eprror1aAL CHANGES IN STANDARDS 


Standard Method of Tumbler Test for 
Coke (D 294 29).\—The following edi- 
torial change in this method is recom- 
mended as it has not been clear to some 
that the shaft should extend through the 
drum; also it is desirable to specify the 
thickness of the shaft: 

Section 2(a).—Change the fourth sen- 
tence from its present form: namely, 
“The drum shall be mounted on a 
horizontal shaft to provide for rotating 


Supplement to Book of A.S.T.M. Standards, 
Part 
3 Proceedings, Am. Soc. Testing Mats., Vol. 43, pp. 289 


and 290 (1943). 
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the drum” to read as follows: “To 
provide for rotating the drum, it shall be 
mounted on a_ horizontal steel shaft 
14 in. in diameter passing through the 
drum.” 

Standard Methods of Laboratory Sam- 
pling and Analysis of Coal and Coke 
(D 271 — 43).2—Adoption as standard of 
the revised Tentative Definitions of 
Terms Gross Calorific Value and Net 
Calorific Value of Fuels (D 407 — 35 T), 
recommended earlier in this report, will 
necessitate the following editorial 
changes in Methods D 271: 

Section 42,—Change the second para- 
graph of Note 3 to read as follows by the 
addition of the italicized words and the 
omission of those in brackets: 


The results obtained by the above method of 
calculation and determination is the [total heat 
of combustion] gross calorific value (gross heat of 
combustion) at constant volume, with the water 
in the products of combustion condensed to 
liquid at the temperature of the calorimeter, 
that is, about 20 to 35 C. 

{Net heat of combustion] net calorific value 
(net heat of combustion) at [20 deg.] 20 C. (68 F.), 
shall refer to results corrected for latent heat of 
vaporization, as follows: 

N = B— [1040] 1030 (H X 9) 
also: 
N’ = C— [580] 572 (H X 9) 

where: 

J = [net heat of combustion] net calorific value 
(net heat of combustion) in Btu. per 
pound, 

N’ = [net heat of combustion] met calorific value 
(net heat of combustion) in calories per 
gram, 

B = [total heat of combustion] gross calorific 
value (gross heat of combustion) at 20C. 
(68 F.) in Btu. 

H = total hydrogen, and 

C = [total heat of combustion] gross calorific 
value (gross heat of combustion) at 20C. 
(68 F.) in calories. 


V. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE WITHOUT REVISION 
It is recommended that the following 
tentative standards, which have stood 
for two years or more without revision, 
be continued as tentative because further 


developments are in progress or in 

prospect: 

Method of Test for Grindability of Coal by the 
Hardgrove-Machine Method (D 409 - 37 T), 

Method of Test for Grindability of Coal by the 
Ball-Mill Method (D 408 - 37 T), 

Method of Drop Shatter Test for Coal (D 440- 
37 T), and 

Method of Tumbler Test for Coal (D441-37T), 


VI. STANDARDS Srx YEARS WITHOUT 
REVISION 


The following standards have been 
published for six years or longer without 


TABLE I. —AN AL YSIS OF LETTER BALLOT VOTE. 


| Ballots 
Affirm-| Nega- | Marked 
ative | tive | “Not 
Voting” 


Items 


I. Revision oF STANDARD, 
IMMEDIATE ADOPTION 


Method for Designating the 
Size of Coal from Its Screen 
Analysis (D 431 - 38, ASA 
M20.3 - 1938)......... 38 0 2 


II. Apoption oF TENTATIVE 
STANDARD AS STANDARD 
Def. of the Terms Gross Calori- 
fic Value and Net Calorifc 
Value of Fuels (D 407 - 35 T), 
as revised.... =. 36 0 4 


III. Apoption or TENTATIVE 
REVISION OF STANDARD AS 
STANDARD 
Methods of Laboratory Sam- 
pling and Analysis of Coal 
and Coke (D 271 - 43, ASA 

K18.1 — 1944). 39 0 1 


IV. Epitor1aLt CHANGES IN 
STANDARDS 
Method of Tumbler Test for 
Coke (D 294 - 29, ASA K20.3 - 
1936) .. + 0 4 
Methods of Laboratory Sam- 
pling and Analysis of Coal 
and Coke (D 271 - 43 ASA 
K18.1 -— 1944)........... 36 0 4 


revision and are considered by the com- 
mittee to be in accord with present 
practice and are recommended for con- 


tinuance in their present form: 
Standard Specifications for: 

Gas and Coking Coals (D 166 - 24), 
Classification of Coals by Rank (D 388 - 38), 
Classification of Coals by Grade (D 389-37), 
Standard Methods of: 

Test for Volume of Cell Space of Lump Coke 


(D 167 - 24), 
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Marked 
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Voting” 
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present 
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Drop Shatter Test for Coke (D 141 - 23), 

Sampling and Fineness Test of Powdered Coal 
(D 197 - 30), 

Sieve Analysis of Crushed Bituminous Coal 
(D 311 - 30), 

Test for Cubic Foot Weight of Crushed Bitumin- 
ous Coal (D 291 — 29), 

Sampling Coke for Analysis (D 346 — 35), 

Tumbler Test for Coke (D 294 — 29), 

Sieve Analysis of Coke (D 293 — 29) 

Test for Cubic Foot Weight of Coke (D 292 - 
29), 

Screen Analysis of Coal (D 410-38), 

Test for Size of Anthracite (D 310-34), and 

Standard Definitions of Terms Relating to Coal 
and Coke (D 121 — 30). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 54 members; 40 members returned 
their ballots with the results shown in 
Table I. 

ACTIVITIES OF SUBCOMMITTEES 

Subcommittee I on Methods of Testing 
(W. A. Selvig, chairman) has under 
consideration a revision of the _per- 
missible differences in duplicate de- 
terminations of volatile matter for 
anthracite, low-temperature coke, and 
subbituminous coal. From the data 
assembled it is probable that more 
liberal tolerances will be recommended 
than those now given in Section 43 of 
the Standard Methods of Laboratory 
Sampling and Analysis of Coal and 
Coke (D 271-43). A paper by W. A. 
Selvig on “Precision of the Volatile 
Matter Determination for Anthracite, 
Low-Temperature Coke and Subbitu- 
minous Coal,” gives a statistical study 
of the precision of this determination 
from data obtained in the Coal Analysis 
Laboratory of the U. S. Bureau of Mines 
at Pittsburgh, Pa. 

Subcommittee II on Nomenclature and 
Definitions (H. C. Porter, chairman) 
recommends that the Tentative Defini- 


oan of Investigations 3739, U. S. Bureau of Mines 


acteristics of Coal. 
chairman) is awaiting completion of the 


tions of the Terms Gross Calorific Value 
and Net Calorific Value of Fuels 
(D 407-35 T) be revised as described 
earlier in this report and adopted as 
standard. 

Subcommittee VII on Pulverizing Char- 
(John Van Brunt, 


experimental work in progress in the 
laboratories of the Babcock and Wilcox 
Co. which may lead to improvements in 
the tentative methods for grindability 
of coal (D 408-37 T and D 409 - 37 T). 

Subcommittee XIII on Coal Sampling 
(Henry F. Hebley, chairman), through a 
special section has been active in con- 
ducting sampling experiments on smal] 
lots of coal in connection with plans to 
develop procedures for sampling coal 
for the determination of volatile matter 
in connection with city smoke ordinances. 

Subcommittee XV on Plasticity and 
Swelling of Coal (C. C. Russell, chairman) 
is arranging for cooperative tests using 
the methods for determining plastic 
properties of coals and their expansion 
and pressure characteristics in coke 
ovens which were published as informa- 
tion® in the 1943 Report of Committee 
D-5. During the year three papers were 
prepared covering coal plasticity and 
pressures developed during carbonization 
of coals, as follows: “Significance of 
Some Criteria of Coal Plasticity” by 
H. H. Lowry and C. O. Junge, Jr., 
presented September 9, 1943, at Pitts- 
burgh, Pa., before the Gas and Fuel 
Division, American Chemical Society; 
“Sources of Pressure Occurring During 
the Carbonization of Coal” by G. C. 
Soth and C. C. Russell, presented on 
October 29, 1943, at Pittsburgh, Pa., 
before the Annual Joint Fuels Division 
of the A.S.M.E. Fuels Division and the 
A.I.M.E. Coal Division and “A Car- 
bonization Pressure Gage” by M. A. 


5 Proceedings, Am. Soc. Testing Mats., Vol. 43, pp. 297 


and 301 (1943). 
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Mayers and J. A. Thompson, A.I.M.E. Respectfully submitted on behalf of 
Technical Pullication No. 1631 (1943). the committee, 


This report has been submitted to A. C. FIELDER, 
letter ballot of the committee which 
consists of 54 members; 40 members 
returned their ballots, all of whom have’ W. A. SELVIG, 
voted affirmatively. Secretary. 


Chairman. 
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ee REPORT OF COMMITTEE D-6 
ON 


PAPER AND PAPER PRODUCTS 


Committee D-6 on Paper and Paper 
Products held one meeting during the 
year, on June 29, 1943, in Pittsburgh, 
Pa. 

Cooperative relations are being con- 
tinued between Committee D-6 and 
other A.S.T.M. committees, as well as 
other standardizing bodies. 

At the present time, Committee D-6 
consists of 63 members, of whom 51 are 
voting members; 25 are classified as 
producers, 17 as consumers, 16 as general 
interest, and 5 as consulting members. 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
following new methods, prepared by 
Subcommittees I and IV, be accepted for 
publication as tentative, as appended 
hereto :! 

Adhesiveness of Gummed Tape, mn 
Bursting Strength of Paper, 

Drop Tests for Shipping Containers, __ 
Effect of Heating on the Folding Endurance of 

Paper, 

Flammability of Treated Paper and Paperboard, 
Hydrogen Ion Concentration (pH), 
Penetration by Water of Sized Paper and Paper 

Products (Dry Indicator Method), 

— Ink Permeation of Paper (Castor Oil 
est), 
Puncture and Stiffness Testing of Paperboard, 

Corrugated and Solid Fiberboard, 

Testing Containers in the Small Revolving 


Hexagonal Drum-Box Testing Machine, and 


Water Vapor Permeability of Paper and Paper- 
board. 

These methods were accepted as tentative by the So- 


py aad appear in the 1944 Hoo« of A.S.T.M. Standards, 
r 


Tentative Methods of Test for: 


II. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following seven tentative standards* ke 
approved without change for reference 
to letter ballot of the Scciety for adop- 
tion as standard: 


Tentative Methods of: 


Test for Opacity of — and Paper Products ‘ 
(D 589 - 40 T), 


Test for Moisture in Paper, Paperboard, and 
Paperboard and _ Fiberboard Containers 
(D 644 - 42 T), 

Test for Basis Weight of Paper and Paper Pro- 
ducts (D 646 - 42 T) 

Conditioning Paper and Paper Products for 


Testing (D 685 - 42 T), 

Quantitative Determination of Coating on 
Mineral-Coated Paper (D 687 - 42 T), 

Test for Pentosans in Paper (D 688 - 42 T), —_ 

Test for Internal Tearing Resistance of onl 
(D 689 — 42 T) 


III. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 


The remaining tentative standards 
under the jurisdiction of Committee D- . : 
although requiring no revision, are 
recommended for continuation as tenta- 
tive in their present form. 

The recommendations appearing in —_ 
this report have been submitted to er 
ballot of the committee which a. 
of 51 voting members, 43 memters re- 


turned their ballots with the results as 
shown in Table I. 


21942 Book of A.S.T.M. Standards, Part III. _ 
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ACTIVITIES OF SUBCOMMITTEES 
Subcommittee I on Paper Tesiing 
Methods (W. R. Willets, chairman) has 
held two meetings during the year. It 
has been active on developing new 
methods of test and has also continued 


TABL E I. —ANALYSIS OF LETTER BALLOT VOTE. 


Af- Ballots 
fi Nega-| Marked 
rma-| ‘tive | “Not 
tive Voting” 


Items tive 


I. New TENTATIVE STANDARDS 

Test for Adhesiveness of 
Gummed Tape 

on Bursting Strength of 


Drop Test for Shipping Con- 
tainers 

Test for Effect of Heating on the 
Folding Endurance of Paper 

Test for Flammability of T aaeaedl 
Paper and Paperboard 

Test for Hydrogen lon Concen- 
tration (pH) 

Test for Time of Penetration by | 
Water of Sized Paper and Pa- | 
ver Products (Dry Indicator | 
Method) 

Test for Printing Ink Pe rmeation 
of Paper (Castor Oil Test) 

Puncture and Stiffness Testing 
of Paperboard, Corrugated and 
and Solid Fiberboard 

Testing Containers in the Small 
Revolving Hexagonal Drum- 
Box Testing Machine ait 

Test for Water Vapor Perme- 
ability of Paper and wager 
board. 


Il. Apoption or TENTATIVE 
STANDARDS AS STANDARD 
Test for Opacity of Paper and 
Products (D 589-40T)..... 
Test for Moisture in Paper 
Paperboard, and Paperboard 

F iberboard Containers 


Test for Basis Weight of P aper 
and Paper Products (D 646 
~42T) 

Conditioning Paper and Paper 
Products for Testing (D 685 
-42T) 

Quantitative Determination of 
Coating on Mineral-Coated 
Paper (D 687 - 42 T) ; 

Test for Pentosans in Paper 
(D 688 - 42 T) 

Test for Internal Tearing Re- 
sistance of Paper (D689 
-42T) 


its critical study of various methods of 
test of paper and paper products that 
have been adopted by other agencies, 
for example, those of the Technical 
Association of the Pulp and Paper In- 
dustry. The subcommittee prepared 
eight new methods of test which are 


being recommended for publication as 
tentative, as mentioned earlier in this 
report. 

Six of the seven tentative methods 
being recommended for adoption as 
standard are also under the jurisdiction 
of this subcommittee. 

Methods on the following subjects are 
being given consideration by Subcom- 


mittee I: 
f 
Stretch of Paper and Paperboard, a 


Test for Sulfates and Chlorides in Paper, © 

Tensile Breaking Strength of Paper, 

Wet Tensile Strength of Paper, 

Creasing of Paper for Water Vapor Permeability 
Test, 

Edge Tear of Paper, 

Erasing Properties of Paper, 

Fiber Composition of Paper, 

Lint on Paper, 

Sizing Tests of Paper, 

Smoothness of Paper, and 

Stiffness of Paper. 


In addition to the above, work has 
been completed on the following pro- 
posed methods which have been referred 
to the Joint A.S.T.M.-TAPPI Com- 
mittee for action: 


Test for Absorption of Bibulous Papers of Water 
and Writing Ink, and 

Test for Ply Adhesion of Paper and Vulcanized 
Fiber. 


After preparing a complete method 
covering the wax pick test for surface 


strength of paper, the subcommittee 
decided not to recommend its publication 
as tentative, due to the fact that there 
are no standards available for the waxes 
which it is necessary to use in the test. 

The work on methods for curl of paper 
and gloss of paper has been discontinued 
for the present, because it was considered 
that a fairly large amount of research and 
laboratory work would be _ necessary 
which, during these times, could not be 
carried out. These methods will be 
given consideration at some later date. 
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Subcommittee IT on Significance of Test 
Methods (C. C. Heritage, chairman) 
held one meeting during the year, at 
which plans were completed for the pub- 
lication this year of the monograph on 
“Paper and Paperboard, Characteristics, 
Nomenclature, and _ Significance of 
Tests.”% It will include a discussion of 
paper manufacture and the nature of 
paper from the chemical standpoint and 
as a complex structure; also the action of 
water on paper and its significance, anda 
detailed discussion of the properties of 
various classes of paper and paperboard. 
The individual tests applied to paper and 
paperboard and their significance are also 
discussed at considerable length in this 
publication. Also included is an Index 
and a very complete cross-reference list 
of A.S.T.M. and TAPPI methods of 
tests. 

Subcommitiee IV on Fiberboard and 
Fiberboard Containers (R. L. Beach, 
chairman) has held two meetings during 
the year. At the first meeting, a rather 
exhaustive testing program was estab- 
lished to develop a number of methods 
which appear to be badly needed in the 
industry. The subcommittee prepared 
three new methods of test which are 
being recommended for publication as 
tentative, as mentioned earlier in this 
report. 

One of the seven tentative methods 
being recommended for adoption as 
standard is also under the jurisdiction 
of this subcommittee. 

Methods on the following subjects are 
being given consideration by Subcom- 
mittee IV: 


Tape Test on Taped Joints, 7 


Beam Test, 

Adhesion Test- Combined Corrugated Board, 
Immersion and Delamination Test, 

Surface Moisture Test, 


‘Issued as separate publication in October, 1944. 


On PAPER AND PAPER Propucts 


Score Line Tests, and 
Impact Strength of Paperboard Boxes. 


The Advisory Committee has recom- 
mended that Subcommittee III, which 
originally covered paper bags, be rein- 
stated with a new personnel. The rein- 
statement of Subcommittee III is pro- 
gressing in an orderly fashion, but has 
not yet reached the point where a report 
can be submitted. 


A Nominating Committee consisting 
of the chairmen of the subcommittees 
of Committee D-6, namely, W. R. Willets 
(chairman), C. C. Heritage, and R. L. 
Beach, submitted the following nomina- 
tions for officers of the committee for the 
next two years which will be voted on at 
the meeting of Committee D-6 held in 
June during the Annual Meeting of the 
Society : 

Chairman, L. S. Reid 

Vice-Chairman, M. A. Krimmel 

Secretary, G. H. Harnden 

At the same time, the Nominating 
Committee recommended that the mem- 
bers-at-large of the Advisory Committee 
for the next two years be as follows: 

E. G. Ham, 

K. P. Geohegan, 
M. S. Kantrowitz, 
R. G. MacDonald. 

The above officers and members of the 
advisory committee were elected for the 
ensuing term of two years. 


During the year, the first issue of the 
compilation of “‘A.S.T.M. Standards on 
Paper and Paper Products,” which was 
prepared by Committee D-6, was pub- 
lished. This compilation contains 31 
methods of test, 27 of which were pre- 
pared by the subcommittees of Commit- 
tee D-6, and 6 specifications on paper 
products which were prepared by stand- 
ing committees other than Committee 
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414 Report or CommitTEE D-6 


This report has been submitted to 
letter ballot of the committee, which 
consists of 51 voting members; 43 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


L. S. Rep, 
Chairma 


G. H. HARNDEN, 
Secretary. 


mee 
1 
te act 
or 
Fire 
Ful 
wf con 
- is it 
Le and 
test 
pos 
mel 
“ frot 
will 
Fir 
C-5 
I 
IX 
wal 
era 
tes 
wor 
use 
eva 
J has 
an tes 
pro 
‘ for 
of 
tad for 
cor 
ten 


- 

Committee D-7 on Timber held one 
meeting during the year in Chicago, IIl., 
on March 14, 1944. 

The most important business trans- 
acted during the year was the organiza- 
tion of a new Subcommittee XII on 
Fire-Retardant Wood of which W. H. 
Fulweiler is chairman. The new sub- 
committee, consisting of eteven memkers, 
isintrusted with the study, development, 
and interpretation of specifications for 
testing fire-resistive treated wood. It is 
possible that the subcommittee will have 
other phases of the fire-resistive treat- 


ment of wood assigned to it for study 


from time to time. This subcommittee 
will cooperate with Subcommittee IT on 
Fire Tests of Lumber, of Committee 
C-5, of which W. J. Krefeld is chairman. 

During the past year, Subcommittee 
IX cn Methods of Testing (L. J. Mark- 
wardt, chairman) has had under consid- 
eration the development of methods of 
testing veneer, plywood, and wood and 
wool-base laminates. The expanding 
use of these materials and the need for 
evaluating their mechanical properties 
has stimulated interest in methods of 
testing. In the preparation of the 
methods, consideration was given to 
procelures already in satisfactory use 
for there materials, and to the correlation 
of the methods with related procedures 
already in use, or under consideration, 
for other materials. In addition to 
consideration by Subcommittee IX, the 
tentative draft was submitted to a 
dumber of interested organizations and 


REPORT OF COMMITTEE D-7 
ON 


TIMBER 


individuals for comment and criticism, 
and all suggestions received were care- 
fully considered. In accordance with 
action taken at the March meeting of 
Committee D-7, the procedures recom- 
mended by Subcommittee IX are pub- 
lished as information in the Appendix! to 
this report, pending formal action regard- 
ing their submittal for publication as 
tentative.” 

Subcommittee VI on Timber Preserva- 
tives (C. S. Reeve, chairman) has for 
some time been considering the ad- 
visability of making certain revisions in 
the Standard Specifications for Creo: ote- 
Coal Tar Solution (D 391 - 36). While 
there is fair agreement among the 
membership of Subcommittee VI, it was 
believed that it would be undesirable to 
revise these specifications during the 
coming year. No revisions have keen 
considered or recommended in the Stand- 
ard Specifications for Zinc Chloride 
(D 432 —- 39) or in the Standard Methods 
of Chemical Analysis of Zinc Chloride 
(D 199 - 27). The subcommittee plans 
to recommend a considerable numker of 
revisions in these two standards to 
bring them up to date, but it is impossible 
to prezent these in any definite form at 
thistime. This is one of the items on the 
agenda of the committee looking toward 
submittal of the proposed revisions 
next year. 


1 These methods were accepted as tentative by the 
Society and appear in the 1944 Book of A.S.T.M. Stand- 
ards, Part II. 

2 See Editorial Note, p. 416. 
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The following standards under the 
jurisdiction of Committee D-7 have 
now been published for six years or 
longer without revision. These stand- 
ards have been carefully reviewed and 
they should all be continued without 
any changes. Most of them are now the 
accepted standards of other engineering 
bodies and Governmental bureaus and 
will probably not require any changes 
for some time to come: 


D 9-30 D 370-33 
D 38-33 D 168 - 30 
D 25-37 D 198 - 27 
D 52-20 D 199-27 
-37 D 367 33 
D 347 - 33 D 368 - 33 
D 390 - 36 D 369- 33 
D 143 - 27 


REPORT OF COMMITTEE D-7 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following 

Chairman, Hermann von Schrenk. 

Secretary, L. J. Markwardt. 


This report has been submitted to 
letter ballot of the committee which 
consists of 31 members; 31 members 
returned their ballots, of whom 30 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
HERMANN VON SCHRENK, 
Chairman, 
_L. J. MARKwarDT, 
Secretary. 


EDITORIAL NOTE 


_ Subsequent to the Annual Meeting, C ommittee D-7 presented to the Society 
through Committee E-10 on Standards proposed Tentative Methods of Testing 


Veneer, Plywood, Wood, and Wood-Base Laminated Materials. 


The new 


tentative methods were accepted by Committee E-10 on August 28, 1944, and 
appear in the 1944 Book of A.S.T.M. Standards, Part II, p. 1453, under the 
designation D 805 


-4T. 
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REPORT OF COMMITTEE D-8 


ON 


BITUMINOUS WATERPROOFING AND ROOFING MATERIALS 


Committee D-8 on Bituminous Water- 
proofing and Roofing Materials held one 
meeting during the year, in Pittsburgh, 
Pa., on June 28, 1943. 

Subsequent to the 1943 Annual Meet- 
ing, Committee D-8 presented to the 
Society through Committee E-10 on 
Standards, the following recommenda- 
tions under the emergency procedure: 


Emergency Alternate Provisions: 


Standard Methods of Testing Bituminous Mas- 
tics, Grouts, and Like Mixtures (EA - D 147), 

Tentative Methods of Testing Asphalt Roll 
Roofing, Cap Sheets, and Shingles (EA - 
D 228). 


Additional Emergency Alternate Provisions in: 


Tentative Specifications for Asphalt Roofing 
Surfaced with Powdered Talc or Mica (EA - 
D 224a), and 

Tentative Specifications for Asphalt Roofing 
Surfaced with Coarse Mineral Granules 
(EA - D 249a). 


These recommendations were accepted 
by Committee E-10 on August 30, 1943, 
and the emergency provisions were 


published in ASTM Butietin No. 
125, December, 1943, and have also 
been issued in the form of stickers for 
attachment to the standards to which 
they apply. 

On April 14, 1944, proposed Emer- 
gency Alternate Specifications for As- 
phalt Shingles Surfaced with Coarse 
Mineral Granules, submitted by Com- 
mittee D-8, were accepted by Committee 


E10 and assigned the designation 
EA-D 225. 


At a meeting on June 27, 1944, Com- 
mittee D-8 voted to submit to letter 
ballot the following recommendations 
involving four Emergency Alternate 
Provisions which will be submitted to 
the Society through Committee E-10 on 
Standards, subsequent to the annual 
meeting :! 


Emergency Alternate Provision EA-D 228.— 
Discontinue as an emergency alternate provision 
and with certain revisions incorporate it as a 
revision in Tentative Methods of Testing As- 
phalt Roll Roofing, Cap Sheets, and Shingles 
(D 228 - 42 T). 

Emergency Alternate Provision EA-D 224a.— 
Eliminate all but the provision for Section 12(a) 
and incorporate the remainder with certain 
revisions as a revision of Tentative Specifications 
for Asphalt Roofing Surfaced with Powdered 
Talc or Mica (D 224-41 T). 

Emergency Alternate Provision EA-D 249a,— 
Continue as an emergency alternate, with cer- 
tain revisions which will also be recommended 
as a revision of the Tentative Specifications for 
Asphalt Roofing Surfaced with Coarse Mineral 
Granules (D 249 - 42 T). 

Emergency Alternate Specifications EA-D 225. 

-With certain editorial corrections, discontinue 
as an emergency alternate and incorporate it asa 
revision of the Tentative Specifications for 
Asphalt Shingles Surfaced with Coarse Mineral 
Granules (D 225 - 41 T). 


I. REVISION OF TENTATIVE STANDARDS 


Tentative Specifications for Asphalt- 


Saturated Asbestos Felts for Use in 


Waterproofing and in Contructing Built- 
Up Roofs (D 250 — 42 T).2—In order to 
indicate the relation of these specifica- 


1See Editorial Note, p. 421. 
21942 Book of A.S.T.M. } Part II. 
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tions to Specifications D 312, the com- 
mittee recommends that a new Section 3 
be added to read as follows and that the 
subsequent sections be renumbered ac- 
cordingly: 


3. Mopping Materials—For the construction 
of built-up roofs, asphalt mopping materials 
conforming to the Standard Specifications for 
Asphalt for Use in Constructing Built-Up Roof 
Coverings (A.S.T.M. Designation: D 312) shall 
be used. 


Tentative Specifications for Asphalt- 
Saturated and Aspfhalt-Coated Asbestos 
Felts for Use in Constructing Built-Up 
Roofs (D 655 — 42 T).2—Committee D-8 
recommends that the title of these 
specifications ke changed by the omission 
of the word “Asphalt” in ‘Asphalt- 
Coated”; also that a new Section 3 be 
added to read the same as that recom- 
mended above in Specifications D 250, 
renumbering the subsequent sections 
accordingly. 

Tentative Methods of Testing Felted 
and Woven Fabrics Saturated with Bitu- 
minous Substances for Use in Water- 
proofing and Roofing (D 146-38 T).2— 
The following revisicns in these methods 
are recommended lut since the com- 
mittee is endeavoring to develop an 
improved method of determining the 
weight of saturation in coal-tar saturated 
felts and fabrics, it recommends that 
the methods be continued as tentative 
as revised: 

Section 1.—Change to read as follows, 
by the addition of the italicized words 
and the omission of the word in brackets: 


1. These methods cover the examination of 
felted or woven fabrics saturated (but not 
coated) with asphalt or coal-tar [products] 
materials, for use in the “membrane” system of 
waterproofing or for the construction of built-up 
roof coverings. 


Section 16.—As none of the present 
specifications for felts require a distilla- 
tion test, it is recommended that the 


distillation of coal-tar saturated felt 
Cescriked in this section be deleted and 
that the subsequent sections be re- 
numbered accordingly. 


II. REvision OF STANDARDS, IMMEDIATE 
ADOPTION 


As the proposed revisions of the 
following standards are editorial in 
nature and are intended to bring them 
into conformity with later approved 
forms, it is recommended that they be 
incorporated immediately in these stand- 
ards. The committee accordingly re- 
quests the necessary nine-tenths affirma- 
tive vote at the Annual Meeting in order 
that these recommendations may be 
referred to letter ballot of the Society: 

Standard Stecifications for Asthalt for 
Use in Constructing Euilt-Up Roof Cover- 
ings (D 312-41)? 

Section 1.—Delete the reference to the 
Standard Specifications for Asphalt- 
Saturated Roofing Felt for Use in Water- 
proofing and in Constructing Built-Up 
Roofs (D 226-42) and the Tentative 
Specifications for Asphalt-Saturated As- 
bestos Felts for Use in Waterproofing and 
in Constructing Built-Up Roofs 
(D 250 — 42 T). 

New Sections—Add new Sections 2 
and 3 to read as follows, renumbering 
the subsequent sections accordingly: 


2. Primer.—The material used as a primer 
when this asphalt is used over concrete and 
gypsum roof slabs shall be asphalt primer con- 
forming to the Standard Specifications for Primer 
for Use with Asphalt in Dampproofing and 
Waterproofing (A.S.T.M. Designation: D 4)). 

3. Membrane Materials.—The felts for use in 
constructing built-up roof coverings with this 
asphalt shall be of the type covered by any of 
the following specifications: 

(1) Standard Specifications for . Asphalt- 
Saturated Roofing Felt for Use in Waterproofing 
and in Constructing Built-Up Roofs (A.S.T.M. 
Designaticn: D 226), 

(2) Tentative Specifications for Asphalt- 
Saturated Asbestos Felts for Use in Water- 
proofing and in Constructing Built-Up Roofs 
(A.S.T.M. Designation: D 250), and 
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On Bituminous WATERPROOFING AND ROOFING MATERIALS 


(3) Tentative Specifications for Asphalt- 
Saturated and Coated Asbestcs Felts for Use in 
Constructing Built-Up Roofs (A.S.T.M. Desig- 
nation: D 655). 


Section 2.—Renumber as Section 4 and 
change Paragraph (0) to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 


(b) Somewhat less susceptible asphalts for 
funsurfaced] roofing /aid on inclines up to 3 in. 
per ft. [and] which are not surfaced with slag or 
gravel. 


Standard Specifications for Asphalt- 
Saturated Roofing Felt for Use in Water- 
proofing and in Constructing Buill-Up 
Roofs (D 226 — 42):? 

New Section.—Add a new Section 3 
to read as follows, renumbering the 
subsequent sections accordingly: 


3. Mopping Materials—(a) For the con- 
struction of built-up roofs, mopping asphalts 
conforming to the Standard Specifications for 
Asphalt for Use in Constructing Built-Up Roof 
Coverings (A.S.T.M. Designation: D 312) shall 
be used. 

(b) For the construction of a membrane 
system of waterproofing, types A, B, or C 
mopping asphalt conforming to the Tentative 
Specifications for Asphalt for Dampproofing and 
Waterproofing (A.S.T.M. Designation: D 449) 
shall be used depending upon service conditions 
s described in Section 4 of Specifications D 449. 

Standard Specifications for Coal-Tar 
Saturated Roofing Felt for Use in Water- 
proofing and in Constructing Buili-Up 
Roofs (D 227 — 42)? 

New Section—Add a new Section 2 
to read as follows, renumbering the 
subsequent sections accordingly: 


2. Mopping Materials—(a) For the con- 
struction of built-up roofs on inclines not exceed- 
ing 3 in. per ft. where nailing is employed and 
hot exceeding 1 in. per ft. where nailing is 
omitted, type A coal-tar pitch conforming to the 
Standard Specifications for Coal-Tar Pitch for 
Roofing, Dampproofing, and Waterproofing 

\.S.T.M. Designation: D 450) shall be used. 

(6) For the construction of steep built-up 
roofs with inclines of 1 to 6 in. per horizontal 
‘oot where nailing is employed, the Tentative 
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Specifications for Coal-Tar Pitch for Steep 
Built-Up Roofs (A.S.T.M. Designation: D 654) 
be used. 

(c) For the construction of a membrane 
system of waterproofing, types A or B coal-tar 
pitch conforming to the Standard Specifications 
for Coal-Tar Pitch for Roofing, Dampproofing, 
and Waterproofing (A.S.T.M. Designation: 
D 450) shall be used depending upon the con- 
ditions of service as described in Section 4 of 
Specifications D 450. 


Standard Specifications for Woven Cot- 
ton Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing 
(D 173 - 42):2 

New Section.—Add a new Section 2 to 
read as follows, renumbering the sub- 
sequent sections accordingly: 


2. Mopping Materials—(a) For the con- 
struction of a membrane system of waterproofing 
with cotton fabric saturated with asphalt, 
types A, B, or C asphalt conforming to the 
Tentative Specifications for Asphalt for Damp- 
proofing and Waterproofing (A.S.T.M. Designa- 
tion: D 449) shall be used depending upon the 
conditions of service as described in Section 4 
of Specifications D 449, 

(6) For the construction of a membrane sys- 
tem of waterproofing with woven cotton fabric 
saturated with coal-tar, coal-tar pitch conform- 
ing to the Standard Specifications for Coal-Tar 
Pitch for Roofing, Dampproofing, and Water- 
proofing (A.S.T.M. Designation: D 450) shall 
be used. 


Section 7.—Change to read as follows 
by the addition of the italicized words 
and the omission of the word in brackets: 


7. If the selvage is used it shall measure not 
[over] more than in. 


Section 10.—Change the first sentence 
to read as follows by the addition of the — 
italicized words and the omission of the 
words and numbers in brackets: 


The rolls of treated cotton fabric shall be 
wound on mandrels or rigid hollow fiber cylinders 
not less than 2 in. in diameter or 2 in. square 
[and] extending not [less than 2 nor] more than 
4 in. beyond the ends of the rolls. 
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III. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following tentative standard, under the 
joint jurisdiction of Committee D-4 on 
Road and Paving Materials and Com- 
mittee D-8, be approved for reference to 
letter ballot of the Society for adoption 
as standard: 


Tentative Volume Correction Table for Tar and 
Coal-Tar Pitch (D 633 —- 41 T). 


The committee also recommends for 
adoption as standard two tentative 
specifications, as set forth below, and 
accordingly asks for a nine-tenths affirm- 
ative vote at the annual meeting in 
order that these modifications may be 
referred to letter ballot of the Society: 


Specifications for Wide Selvage Asphalt Roofing 
Surfaced with Coarse Mineral Granules 
— (D371-41T) with the following editorial 
corrections: Delete from the tenth item in 
Table I the words “per 108 sq. ft.” 
Specifications for Asphalt Siding Surfaced with 
Coarse Mineral Granules (D 699 — 42 T) with 
the following editorial corrections: Delete 
: from the ninth item in Table I the words 
“per 100 sq. ft.” 


IV. STANDARDS AND TENTATIVE 
STANDARDS CONTINUED 
WirHout REVISION 


Committee D-8 recommends that the 
following standards and tentative stand- 
ards be continued without change: 


Standard Specifications for Coal-Tar Pitch for 
Roofing, Dampproofing and Waterproofing 
(D 450 - 41). 

Standard Method of Test for Coarse Particles 
in Mixtures of Asphalt and Mineral Matter 
(D 313 - 41). 

Tentative Methods of Sampling Bituminous 
Materials (D 140-41 T). 

Tentative Specifications for Coal-Tar Pitch for 

Steep Built-Up Roofs (D 654-42T). Sub- 

committee IV is attempting to develop a slide 

test requirement for inclusion in these 
specifications. 

Tentative Recommended Practice for Acceler- 
ated Weathering Test of Bituminous Materials 
(D 529-39 T). Subcommittee VIII is con- 
sidering certain revisions of this tentative 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Affirm-| Nega- | Marked 
Items ative | tive | “Not 
Voting” 


I. Revision or TENTATIVE 
STANDARDS 


Spec. for Asphalt-Saturated As- 
bestos Felts for Use in Water- 
proofing and in Constructing 
Built- (D 250 - 42 T) 0 8 

Spec. for Asphalt-Saturated and 
Asphalt-Coated Asbestos Felts 
for Use in Constructing 
Built-Up Roofs (D 655 - 42 T) 33 0 9 

Testing Felted and Woven Fab- 
rics Saturated with Bitumi- 
nous Substances for Use in 
Waterproofing and 
(D 146-38T)...... 36 0 6 


II. REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


Spec. for Asphalt for Use in 
Constructing Built-Up Roof 
Coverings (D 312-41) ..... 34 0 8 

Spec. for Asphalt- Saturated 
Roofing Felt for Use in Water- 
proofing and in Constructing 
Built-Up Roofs (D 226 - 42) 33 0 9 

Spec. for Coal-Tar Saturated 
Roofing Felt for Use in Water- 
proofing and in Constructing 
Built-Up Roofs (D 227 - 42) 33 0 9 

Spec. for Woven Cotton Fabrics 
Saturated with Bituminous 
Substances for Use in Water- 
proofing (D 173 - 42) ; 33 0 9 


III. Abortion or TENTATIVE 
STANDARDS AS STANDARD 


Volume Correction Table for 
Tar and Coal-Tar Pitch 
(D 633 - 41 T) 

Spec. for Wide Seivage Asphalt. 
Roofing Surfaced with Coarse |. 
Mineral Granules (D 371 - 

34 1 2 

Spee. for Asphalt Siding Sur- 
faced with Coarse 
Granules (D 699 — 42 T).. 34 1 2 


IV. REAPPROVAL OF EXISTING 
STANDARDS 
Spec. for Coal-Tar Pitch for 
Roofing, Damp-proofing and |. 
Waterproofing (D 450 — 41) 33 0 y 
Test for Coarse Particles in 
Mixtures of Asphalt and Min- 
eral Matter (D 313 - 41).. 35 


of 60 voting members; with the results 
shown in Table I. 


The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, J. S. Miller. 

Vice-Chairman, E. H. Berger. 

Secretary, Prévost Hubbard. 
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This report has been submitted to Respectfully submitted on behalf of © 
letter ballot of the committee which the committee, 


consists of 60 voting members; 42 mem- _J. M. Werss, ) 
bers returned their ballots of whom 41 Chairman. c 
have voted affirmatively, and 0 Prevost HuspBarp, 
negatively. Secretary. 


- 
Nore 


Subsequent to the Annual Meeting Committee D-8 acca to the Society 
through Committee E-10 on Standards the following recommendations: 


Revision of Tentative Specifications for: 

Asphalt Roofing Surface with Powdered Talc or Mica (D 224-41 T) and 
revision of Emergency Provision EA — D 224a, 

Asphalt-Shingles Surfaced with Coarse Mineral Granules (D 225 - 41 T) 
and withdrawal of EA — D 225, 


Asphalt Roofing Surfaced with Coarse Mineral Granules (D 249 - - 42 T) 
and revision of EA~D 249a,and 


Revision of Tentative Methods of: 


Testing Asphalt Roll Roofing, Cap Sheets, and Shingles (D 228 - 42 T) 

and withdrawal of EA — D 228a. 

These recommendations were accepted by Committee E-10 on August 28, 
1944, and the revised tentatives and emergency provisions appear in the 1944 
Book of A.S.T.M. Standards, Part II, under the designations D 224 — 44 T, 
EA — D 224b, D 225-44 T, D 249-44T, EA-D 249b, and D 228-44 T, 
respectively, 
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REPORT OF COMMITTEE D-9 
ON 
ELECTRICAL INSULATING MATERIALS 


Committee D-9 on Electrical Insu- 
lating Materials held two meetings 
during the year and will hold a third 
during the Annual Meeting in June. 
These meetings were held in New York, 
N. Y., on October 26 and 27, 1943, and 
in Philadelphia, Pa.,on February 21 and 
22, 1944. At the time of the Philadel- 
phia meeting the members of Committee 
D-9 cooperated with Committee D-20 
on Plastics and the Philadelphia Dis- 
trict Committee in sponsoring a very 
successful Symposium on Plastics. 

At these meetings recommendations 
were made which resulted in new stand- 
ards, additions to existing standards 
and changes in some of the standards for 
which Committee D-9 is responsible. 
Projects which are still under way are 


mentioned later in this report. 

CommiTTEE E-10 ON STANDARDS 
Subsequent to the 1943 Annual Meet- 

ing, Committee D-9 presented to the 

Society through Committee E-10 on 


Standards, the following recommenda- 
tions: 


RECOMMENDATIONS ACCEPTED BY 


New Tentative Specifications for: 


Natural Block Mica and Mica Films Suitable 
for Use in Fixed Mica-Dielectric Capacitors 
(D 748-43 T), 


New Tentative Methods of: 


Measuring Dimensions of Rigid Rods Used in 


Electrical Insulation (D741-43T), and 


Revision of Tentative Revision of: 
Standard Methods of Testing Sheet and Plate 


Materials Used in Electrical Insulation (D 
229 - 43). 


The new tentative specifications were 
accepted! by Committee E-10 on No- 
vember 20, 1943, and the latter two 
reccmmendations were accepted! on Au- 
gust 30, 1943. The new tentative 
standards and revised tentative revision 
appear in the 1943 Svpplement to Beok 
of A.S.T.M. Standards, Part ITI. 

Committee D-9 and Committee D-20 
on Plastics jointly sukmitted the follow- 
ing recommendations to Ccmmittee E-10 
during the year: 


New Tentative Specifications for: 


Enclosures for Small Testing Machines for 
Tests at Subnormal and Supernormal Tem- 
peratures of Electrical Insulating Materials 
and Plastics (D 760 - 44 T), 

Servicing Units for Tests at Subnormal and 
Supernormal Temperatures of Electrical 
Insulating Materials and Plastics (D 761 - 44 
T), and 


Revision of Tentative Methods of: 


Test for Impact Resistance of Plastics and Elec- 
trical Insulating Materials (D 256-41T). 


The new tentative specifications were 
accepted! by the Standards Committee 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee D-9 reported the following 
results of the letter ballot vote from a committee member- 
ship of 97: D 748, 76 ballots returned, affirmative 30, nega- 
tive 0, ballots marked ‘not voting” 46; D 741, 60 ballots 
returned, affirmative 28, negative 0, ballots marked “not 
voting’’ 32; D 229, 60 ballots returned, affirmative 32, nega 
tive 0, ballots marked ‘‘not voting’’ 28; D 760, 60 ballots 
returned, affirmative 24, pagntive 0, ballots marked “not 
voting’ 36; D 761, 60 ballots returned, affirmative &, 
negative 0, ballots marked ‘not voting” 37; D 256, 65 bal- 
lots returned. affirmative 32, negative 1, ballots marked 
“not voting” 32. The following results of the letter 
ballot vote were reported by Committee D-9 from a mem- 
bership of 101: D 468, 67 ballots returned, affirmative 1 
negative 0, ballots marked “‘not voting”’ 50. 
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ELECTRICAL INSULATING MATERIALS 


TABLE LETTER BALLOT TABLE I.—Concluded 


Rallots 
Affirm-| Nega- 
| f ON ¢ 
Ballots ative | tive Not, 
| Affirm. Nega- Voting” 
ative | tive | “Not 
Voting”’ V. ApopTION AS STANDARD OF 
ae TENTATIVE REVISIONS OF 
I. New TENTATIVE STANDARDS STANDARD 
Spec. for Orange Shellac and Porcelain 
Osher Indian, Lacs for Elec- Testin Shellac Used for Elec- 
trical Insulation ... 16 0 51 (D 411 42; 
lexural Test of Plastics .. ...| 32 1 27 
[I. REVISION OF TENTATIVE Test for Fomnering Thermal 
Test for Power Factor and Di- rical ‘nsuating Stateria 
electric Constant of Electrical (D 325-31 T)........... 38 0 28 
Materials (D 150 - 
wer 42 
No. on February 8, 1944; the revised tenta- 
» aper Used in Electrical Insu- 
lation (D 202 - 41 T) 27 0 40 ae 1 ees 
two for Phenolic Laminated tive methods were accepted! on Septem 
ber 24, 1943, and appear in the 1943 
tive nditioning Plastics and Elec- Supplement to Book of A.S.T.M. Stand- 
trical Insulating Materials for > 
ision Testing (D 618 ~ 41 T).. 40 1 is ards, Part III, bearing the designation 
Test for Heat Distortion Under « 
Book Heat of Molded Electrical In- D 256 — 43 T. 
0 29 Committee D-9 recently submitted 
D-20 Il. Tentative REVISIONS OF to Committee E-10 a proposed tentative 4 
low Stampange revision of the Standard Methods of 
E-10 Oils (D 117 43; ASA C59.2- | Testing Pin-Type, Lime Glass Insulators 
Testing Sheet and Plate Mate- (D 468-42) which was accepted' on | 
ials Used in Electrical Insu- . 
lation (D 229-43; C59.13- | May 3, 1944, and appears in the 1944 
F Testing Laminated Tubes Used Book of A.S.T.M. Standards, Part ITI. 
es 10% (D 348 - P 
42; C59.14- 1943) 3 
bes Testing Laminated Round Rods RECOMMENDATIONS AFFECTING 
STANDARDS 
(D 349 - 4 94 3 
Test for Grading and Classi ‘ica- 
al and tion of Natural Mica'(D 351-| ‘ ‘ As the result of the year’s work, the 
committee is submitting two new tenta-— 
tive standards, revisions of four tenta- 
ole 
Color- Indicator Titration | five standards, the adoption as standard 
d Elec- Test for Dielectric Strength of of nine tentative standards, the adoption 
as standard of two tentative revisions 
Frequencies (D 149 - 40 T).. 44 0 16 , ‘th. 
5 were Testing Solid Filling and Treat- of standards, and recommends the with . 
mittee a ee ae drawal of one tentative standard. The 
Glass Spoo! Insulator 19 | | 4% standards affected are listed in Table 
ittee 
following (D $50 ~ 41 T) 20 0 | 4 I. The recommendations being pre- 
member Test for Punching Quality of te 
30, Sheets | sented are included in Appendix I. 
60 ballots 
rked “not 
These recommendations have been 
Testin, Steatite Used as Elec- 
tical Insulation (Dos7-| | | submitted to letter ballot of the com 
Measuring Dimensions of Rigid mittee which consists of 101 voting 
fides Used in Electrical Insu- members, with the results shown in 
tion (D 668-42T)..........| 25 0 | 42 
Table I. 


! 
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ACTIVITIES OF SUBCOMMITTEES 


Some of the projects now in progress 
are briefly mentioned in the following 
summary of committee activities: 

Subcommitice I on Insulating Var- 
nishes, Paints, and Lacquers (C. F’. Han- 
son, chairman).—This subcommittee has 
prepared Specifications for Orange Shel- 
lac and Other Indian Lacs Used for 
Electrical Insulation which are being 
submitted to the Society for publication 
as tentative. The tentative revisions 
of the Standard Methods of Testing 
Shellac Used for Electrical Insulation 
(D 411-42) are being recommended 
for adoption as standard. 

The Section on Oil Resistance has 
under consideration a revision of the oil- 
proof test in the Standard Methods of 
Testing Varnishes Used for Electrical 
Insulation (D 115-41). It has been 
found in the trade that the procedure is 
not defined with sufficient clarity. 

The Section on Deep-Drying Var- 
nishes is actively engaged in developing 
a test method for determining the deep- 
drying properties of varnishes used for 
impregnating purposes. This program 
of work is a continuation of work which 
has been in progress for about 14 years. 
At the present time varnishes used for 
impregnating purposes are selected by 
brand, after having been approved by 
actual use in trial manufacturing. To 
set up a test method which will select an 
appropriate varnish for this use is most 
difficult because the conditions prevail- 
ing in actual use are difficult to simulate 
in a test method. However, during the 
past year’s work a great deal of informa- 
tion has been accumulated and with this 
experience as a background, the section 
expects that a satisfactory test method 
or methods may soon be developed. 

The work of the Section on Phenolic- 
Resin Varnish has been expanded to 
include other types of thermosetting 


be known hereafter as the Section on 
Thermosetting Resin Varnishes. ‘This 
section has recently been reorganized 
with an expanded personnel, and it now 
has two projects on its agenda. One 
of these has to do with the test method 
for non-volatile matter by weight in the 
Standard Methods D 115-41. It has 
been found that the present method is 
not sufficiently concise for certain types 
of varnishes. ‘The other project con- 
cerns the development of a test method 
for time of set of thermosetting varnishes, 

Subcommittee IT on Molded Insulating 
Materials (W. A. Evans, chairman).— 
This subcommittee has been actively 
cooperating with various subcommittees 
of Committee D-20 on Plastics and 
members of the Federal Government in 
coordinating test methods used for 
testing plastics. When this correlation 
is completed it is hoped that the test 
methods used by the various Govern- 
ment agencies will coincide with the 
standard A.S.T.M. test methods so far 
as this is practical. 

Revision of the Tentative Methods of 
Testing Molded Materials Used for 
Electrical Insulation (D 48-43 T) is 
being considered from the point of view 
of the above mentioned correlation and 
to keep in step with the best procedures 
used in testing these materials. 

A new section has been formed to 
write test methods and _ specifications 
for extruded plastic tubing used for 
electrical insulation. Committee D-20 
has been asked to assist in preparing 
test methods for mechanical and thermal 
properties. 

Subcommittee ITT on Plates, Tubes, and 
Rods (G. H. Mains, chairman).—The 
subcommittee has cooperated actively 
with Subcommittee II of Committee D-9, 
Subcommittee I of Committee D-20, 
and with a subcommittee of the Federal 
Specifications Board and this has re 


varnishes. Accordingly, this section will 
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will sulted in the recommendation by Com- 
on mittee D-9 of tentative revisions of the 
“his methods for tension tests of sheets, tubes 
zed and rods, covered by Methods D 229, 
10W D 348, and D 349, respectively. These 
One changes provide for improved specimens 
hod and uniformity of test methods between 
the Committee D-9, Committee D-20, and 
has Federal Specifications for Organic Plas- 
d is tics (General Specifications and Methods 
ypes of Test) (LP-406). 
con- A method of Rockwell hardness testing 
thod sponsored jointly by Committee D-20 
shes. and Committee D-9 has been prepared 
ating and involves only minor changes from 
n).— the present D-9 method; this has been 
ively approved by the subcommittee. 
ttees The paper by Ladislav Boor “Indenta- 
and tion Hardness of Plastics,’ being pre- 
nt in sented at this annual meeting covers 
for studies carried on in connection with 
ation the work of this committee. 
> test The proposed flexural strength 
vern- method, developed jointly with Sub- 
1 the committee II of Committee D-9 and 
0 far Subcommittee I of Committee D-20, 
has undergone considerable revision and 
ods of is now being balloted upon by the 
d for subcommittee. 
T) is It is recommended that the Tentative 
[ view Specifications for Phenolic Laminated 
n and Sheet for Radio Applications (D 467 - 
edures 40 T) be revised to eliminate grade No. 
6 which has become obsolete. A re- 
ied to vision of the method for testing dielectric 
ations strength of sheet material parallel to 
od for the laminations has been approved by 
, D-20 the subcommittee. Active work is be- 
paring ing conducted on a study of the effect 
hermal of specimen size and conditioning on 
insulation resistance, also on the effect 
es, and of temperature on power factor and 
.—The dielectric constant of sheet materials. 
ctively A paper by E. O. Hausmann on “Heat 
ee D-9, Resistance of Laminated Plastics,’® cov- 
D-20, 
Federal , tk al on Plastics, Am. Soc. Testing Mats. 
has re- meee issued as separate publication, Feb- 
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ering several years work of the Section 
on Thermal Properties was presented 
at the recent Symposium on Plastics. 
This section is also actively studying 
new methods of test for measuring 
flammability. 

Members of the subcommittee have 
cooperated actively with the specifica- 
tions subcommittee of Committee D-20, 
with the American Standards Associa- 
tion, and with various Government 
agencies in preparing specifications for 
plastics and electrical insulating mate- 
rials for the armed forces. 

This subcommittee prepared the Ten- 
tative Methods of Measuring Dimen- 
sions of Rigid Rods Used in Electrical 
Insulation (D 741-43 T). 

Subcommittee IV on Liquid Insulation 
(E. A. Snyder, chairman).—The activi- 
ties of this subcommittee have been as | 
follows: 

(1) Sludge Test.—The 


Tentative 
Methods of Test for Sludge Formation 
in Mineral Transformer Oil (D 670 - 42 


T) have been under trial for several 
years. One of the most important 
projects undertaken by Subcommittee 
IV is to determine whether oils which 
give good results by these tests will 
show good results under actual service 
conditions and, vice versa, whether oils 
showing poor test results by these 
methods will give correspondingly poor 
service. The establishment of such cor- 
relating tests has been a very difficult 
matter. Progress has been made to the 
extent that five different utility com- 
panies have agreed to set aside the re-. 
quired number and type of transformers 
which will be put under very carefully 
supervised operating conditions for a_ 
period of years sufficient to develop 
correlating data. One public utility 
company has been cooperative enough 
to produce ideal conditions in that it 
has agreed to isolate banks of trans- 
formers so that tests can be made under 


| 
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actual service conditions in practically 
identical transformers of three different 
designs with oils showing (a) good sludge 
test results by the above method, (0) 
poor sludge test results, and (c) inter- 
mediate test results. These banks of 
transformers will be started at various 
times during the coming year and it is 
hoped that by the time of the next An- 
nual Meeting all these transformers will 
be under way and some preliminary test 
data will be available. 

(2) Resistivity and Power Factor.—- 
A proposed method for determination 
of resistivity and power factor of petro- 
leum insulating oils has been developed 
and is undergoing further study. While 
it is not ready for publication as a tenta- 
tive method, it is encouraging to note 
that progress has been made and that 
the subcommittee plans to submit it 
for publication during the coming year. 

(3) Gas Content of Insulating Oils.— 
With last year’s report there was pub- 
lished as information a Proposed Rou- 
tine Method of Test for Gas Content of 
Insulating Oil. During the year com- 
ments have been received on this routine 
method. In addition, the subcommittee 
has developed a proposed referee method 
of test. The revised routine method 
and the referee test entitled Proposed 
Methods of Test for Gas Content of 
Insulating Oils* are published as infor- 
mation in Appendix III to elicit further 
criticism and suggestions. 

(4) Dielectric Strength—During the 
past nine years Subcommittee IV, in 
its Section on Dielectric Strength, has 
made very exhaustive studies of this 
test. A great deal of this work was 
carried on during the time when E. J. 
Rutan was chairman of this section 
(from March, 1935, until June, 1943). 
The data accumulated during this period 
have been compiled for publication and 
appear i in Appendix IT because it is felt 


p. p. 450. 


that this information should ke a matter 
of permanent record. 

In the tentative revision of the di- 
electric strength test in the Standard 
Methods of Testing Electrical Insulat- 
ing Oils (D 117-43), as published in 
1943, there is no section on Preparation 
of Sample. There was such a section 
in the tentative revision as published in 
1942, but because of numerous objec- 
tions it was deleted by letter ballot vote. 
Subcommittee IV has now prepared a 
new description on Preparation of Sam- 
ple which has been approved by Com- 
mittee D-9, and is recommended for in- 
clusion in the tentative revision as a new 
Section 26, the subsequent sections to 
be numbered accordingly. Numerous 
other parts of this tentative revision 
have been under study during the past 
year and it is expected that during the 
coming year some further changes will 
be recommended. 

(5) Method of Test for Askarels.— 
During the year Subcommittee IV un- 
fortunately lest the services of Karl 
Horine because of his retirement. Mr. 
Horine’s section had prepared the Pro- 
posed Methods of Testing Askarels 
which were published as information 
last year with the Report of Committee 
D-9. R. W. Chadbourn has been ap- 
pointed as the new chairman of this 
section and during the coming year the 
section plans to revise the methods, in 
the light of comments and suggestions 
that have been received, and to include 
a method for the determination of di- 
electric strength looking toward sub- 
mittal of the complete methods to the 
Society for publication as tentative. 

(6) Significance of Tests.—Subcom- 
mittee IV has now prepared statements 
covering the significance of the following 
tests when applied to insulating oils: 


1. Color, 


2. Neutralization number, 7 
3. Dielectric strength, 
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Mineral acids, 
Pour test, 
. Flash point, 
Specific gravity, = 

. Free and corrosive sulfur, 

. Viscosity, 

. Free chlorides, and 
. Sludge tests. 


5 


« 


These have been submitted by Sub- 
committee XI to Committee D-9 for 
final action. 

(7) Water in Insulating Oils —Work 
directed toward the development of a 
standard method of test to determine 
the actual percentages of small traces 
of moisture in insulating oils is still 
under study. Various tests are being 
investigated and cooperative test sam- 
ples are being distributed for test. It is 
hoped that during the coming year the 
committee may be able to prepare a 
proposed method or several alternative 
proposed methods which can be pub- 
lished as information and for further 
study. 

(8) Storage of Used Oils.—During the 
past two years A. E. Flowers has pre- 
sented to the committee several papers 
on the effect of storage conditions on the 
properties of used transformer oils. 
These papers have been under study by 
Subcommittee IV and will receive fur- 
ther attention during the coming year. 

Subcommittee V on Ceramic Products 
L. J. Cavanaugh, chairman).—Prog- 
ress has been made in the studies relat- 
ing to the development of test methods 
for high dielectric constant materials. 

The Tentative Specifications for Low 
and Medium Voltage Pin-Type Lime- 
Glass Insulators (D 730-43 T) were 
prepared by this subcommittee. 

An alternate method of test for ther- 
mal shock of pin-type lime-glass in- 
sulators? was recently accepted for publi- 
cation as a tentative revision of Standard 
Methods D 468. This is based on the 
use of the Preston Machine and is dis- 
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cussed in a paper by K. C. Lyon and BOs 
R. F. Scott.5 

Progress has been made in the prepa- 
ration of specifications for lime-glass 


communitation insulators. It is planned 
to submit these for publication as an 
emergency standard. 

As a result of action taken by this 
subcommittee, Ccmmittee D-9 is reccm- 
mending that the tentative revision of 
the Standard Methods of Testing Elec- 
trical Porcelain (D 116-42) relating to 
the dye penetraticn test, the Tentative 
Methods cf Testing Class Sco) Insula- 
tors (D 550-41 T), and the Tentative 
Methods of Testing Steatite Used as 
Electrical Insulaticn (D €67-42 T) ke 
adcpted as standard. 

Subcommittee VI on Solid Filling and 
Treating Compounds (R. H. Titley, 
chairman).—The Secticn cn Oil Solu- 
bility of Solid Filling and Treating 
Ccmpounds has ro reccmmencaticn to 
make at this time and reports prcgress 
on the work uncer way. 


Considerable work has keen Core cur- _ 


ing the past year relative to test meth- 
ods for waxes. Further meetirgs with 
manufacturers of waxes are to te held 
to ascertain whether or rot additicral 
test methods are Cesirable. It is plarred 
to recemmend the addition of these 
test procedures to the Tentative Meth- 
ods of Testing Solid Filling and Treating 
Compeunds Used for Electrical Insula- 
tion (D 176 ~ 42 T) after they have keen — 
approved by the memters cf Sukccm- 
mittee VI. Specificaticns for waxes are — 
also being formulated and will ke cflered 
to Ccmmittee D-9 for consideraticn as 
as practicable. 

Statements cn significance of tests 
have keen prepared and circulated emcrg 
the members of fukccmmittee VI. 


5 K.C. Lyon and R. F. Scott, ‘““Thermal Shock Testing 
of Lime Glass Insulators by A.S.T.M. Method D 468 
versus the Preston Anparatus (A.S.T.M. Method C 149),” 
compilation of ‘‘A.S.T.M. Standards on Electrical In- 
sulating Materials,’’ p, 469 (1944). 
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The returns on the latest revision indi- 
cate that a majority of the members 
consider the present draft satisfactory 
and it will accordingly be presented to 
Subcommittee XI for approval before 
the summer meeting. 

At the meeting in Philadelphia it was 
decided to form a section to draft speci- 
fications for solid filling and treating 
compounds. 

Subcommittee VIT on Insulating Fab- 
rics (R. W. Chadbourn, chairman).— 
Several problems involving varnished 
cambric tapes are now under active con- 
sideration by this subcommittee. ‘These 
include: (/) Revising the present elonga- 
tion — dielectric strength requirements to 
approximate more closely conditions 
of service, (2) possible substitution of 
standard humidity requirements for con- 
ditioning in place of the present 60 to 65 
per cent, (3) further study of an alt@rna- 
tive power factor test method which will 
eliminate vacuum treatment, (4) revision 
of the sampling procedure to make the 
number of rolls to be tested more nearly 
proportional to the yardage purchased 
and (5) stiffening the rejection require- 
ments in the specifications. 

The first of these problems has re- 
quired extensive round-robin investiga- 
tion by many laboratories. So far as 
known, the subcommittee has made the 
first successful effort to find out just 
what happens to tape under service 
conditions, and the problem has now 
resolved itself into an attempt (/) to 
devise a simple test method that will 
simulate, as closely as practicable, the 
widely varying conditions of use, and 
(2) to determine suitable specification 
limits for such an approximate method. 
What is hoped will be the final series of 
tests in this investigation is now under 
way. 

Significance of test statements have 
now been written for most of the tests 
on varnished cloth tapes. 


It is proposed to substitute the term 
“treated sleeving” for “varnished tub- 
ing” in the Standard Methods of Testing 
Flexible Varnished Tubing (D 350 - 43) 
and in the Tentative Specifications for 
Flexible Varnished Tubing (D 372-40 T) 
and to enlarge the scope of the former to 
include fiberglass and rayon as well as 
cotton base. Specifications will be writ- 
ten for fiberglass-base sleeving as soon 
as possible. 

The section studying treated glass 
fabrics has a number of problems under 
consideration. 

Subcommittee VIII on Insulating Pa- 
per (C. T. Hatcher, chairman).—The 
joint committee consisting of members 
of Committee D-6 on Paper and Paper 
Products and Committee D-9 has been 
continuing the study in connection with 
developing a pH method for acidity 
determination of papers. A methodhas 
been agreed upon for conducting round- 
robin tests for determining the repro- 
ducibility of the method. Samples of 
several types of papers have been sub- 
mitted to the laboratories participating 
in the test and data from these tests are 
expected in the near future. 

The Sections on Physical Tests and 
Mechanical Tests are following closely 
the methods of Committee D-6 for per- 
forming these tests on the basis that 
they will be used wherever possible. 
The D-6 Method of ‘Test for Moisture 
in Paper, Paperboard, and Paperboard 
and Fiberboard Containers (D 644-42 
T) has been approved for inclusion in 
the ‘Tentative Methods of Sampling and 
Testing Untreated Paper Used in Elec- 
trical Insulation (D 202 — 41 T) in place 
of the existing method with the excep- 
tion that the provisions for sampling in 
Methods LD 202 be retained. The D-6 
Method of Test for Internal Tearing 
Resistance of Paper (D 689 — 42 T) has 
been approved for inclusion in Tentative 
Methods D 202 in place of the present 
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tearing strength method with the excep- 
tion that the sampling and conditioning 
directions in Methods D 202 shall be 
followed. The D-6 Methods of Test for 
Folding Endurance of Paper (D 643 - 43) 
have been approved for inclusion in 
Methods D 202 in piace of the existing 
method with the exception that the 
sampling and conditioning directions 
in Methods D 202 shall be followed 
and method B be used. ‘The bursting 
strength method, air resistance method, 
and sampling and weight methods of 
Committee D-6 are being studied for 
inclusion, or modification for inclusion, 
in Methods D 202. 

A change in the formula for expressing 
apparent density has been approved. 
The formula as it now appears in Meth- 


ods D 202 is D = * X 0.0001001. The 
approved change is to have the formula 
read D = a X 0.0000394 and changing 
the definition of T to read “thickness of 
the specimen in inches.” ‘This change 
eliminates the last three figures in the 
formula, namely, 001 as it is felt that 
these places are not significant inasmuch 
as at least the thickness measurements 
involved are not reproducible to so 
precise a degree. The thickness defini- 
tion was changed to inches as this is the 
normal measurement made and_ the 
necessary conversion factor from centi- 
meters to inches was used in the formula. 
The penetration test method in Meth- 
ods D 202 is being reviewed as it appears 
that the formula now being used does 
not give values which are accurate for 
comparison of papers of different thick- 
nesses, penetrabilities, etc. Since the 
use of the present method is questionable 
for obtaining comparative results on 
different papers, consideration is being 
given to changing the method for calcu- 
lating absorbency. 
The Section on Significance of Tests 
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is working on statements for the various 
tests included in Methods D 202. Three 
statements have been prepared and sub- 
mitted to the Subcommittee on Sig- 
nificance of Tests for consideration. 

Subcommittee IX on Mica Products 
(E. O. Hausmann, chairman).—The 
project of preparing colored transparen ‘ 
cies to be used for quality classification 4 
of natural mica is being continued. The 
first transparency plate has been received 
from the photographer and further work 
is continuing, preliminary to distribu- 
tion of the plate with proper viewing 
equipment to the members of the sub- 
committee for comment. 

A revision of the Standard Methods 
of Test for Grading and Classification of 
Natural Mica (D 351~-38) has been 
recommended to include a quality clas- 
sification chart of Muscovite block 
mica 0.007 to 0.030 in. thick based on 
visual judgment. This chart is being 
added to Methods D 351 in order to fur- 
ther clarify Table I on classification of 
quality of mica. Other minor revisions 
in Methods D 351 are under considera- 
tion. 

Tentative Specifications for Natural 
Block Mica and Mica Films Suitable for 
Use in Fixed Mica-Dielectric Capacitors 
(D 748 - 43 'T) have been issued. Spec- 
ifications for mica, both natural and 
bonded, for other applications are under 
consideration. 

Subcommitlee X on Conditioning (Rob- 
ert Burns, chairman).—-Tentative Spec- 
ifications for Enclosures for Small Test- 
ing Machines for Tests at Subnormal 
and Supernormal ‘Temperatures of Elec- 
trical Insulating Materials and Plastics 
(D 760 — 44 T) and for Servicing Units 
for Tests at Subnormal and Supernormal 
Temperatures of Electrical Insulating 
Materials and Plastics (DD 761~— 447) 
were prepared by the subcommittee and 
approved by the Society during the year. 
These cover equipment suitable for 
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testing electrical insulating materials 
and plastics over the temperature range 
of —70 to +170 F. for use by those not 
equipped with suitable walk-in equip- 
ment. Specifications D 761 cover a 
device which delivers low and high 
temperatures to any laboratory-built, 
suitably insulated enclosure for use on 
conventional testing machines as well as 
on the specific enclosure described in 
Specifications D 760. 

Laboratory investigations are being 
conducted looking toward revising the 
Tentative Methods of Conditioning Plas- 
tics and Electrical Insulating Materials 
for Testing (D618-41T) to permit 
the classification of sheet materials tco 
thin for classification by Izod impact. 
The preliminary studies included stiff- 
ness and tension impact, and the results 
indicated that a less rigid system of 
classification might be feasible fer tests 
other than impact. 

The question of establishing standard 
testing temperatures over a reasonably 
wide range has been studied. The sub- 
committee has approved by letter ballot 
— 40, + 77 and + 160 F. on the basis 
that these three temperatures should 
suffice for the usual engineering evalua- 
tion of insulating materials and plastics 
but would not preclude testing at other 
temperatures for specific applications. 

Subcommittee XI on Significance of 
Tests (H. L. Curtis, chairman).—Six 
statements of significance of tests for 
various materials have been submitted 
to the subcommittee and are being stud- 
ied carefully. 

Subcommittee XII on Elecirical Tests 
(Gordon Thompson, chairman).—Insu- 
lation resistance, including absorption 
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current variation with long periods of 
electrification, and power factor and 
dielectric constant of certain rutile 
bodies with very high dielectric constants 
have been studied during the past year. 
Errors due to parasitic effects at high 
frequencies are being investigated for 
certain measuring methods and eqvip- 
ment. Work is in progress looking 
toward a more exact definition of test 
conditions for the measurement of re- 
sistance of material to the electric arc. 

Subcommittee XIII on Mechanical 
Tests (F. G. Tatnall, chairman).—This 
subcommittee, which is still in ccurse cf 
organization, will furcticn as a ccrrelat- 
ing ccmmittee to review test methcds 
developed in the various subccmmittces 
for the purpose of elimirating any dis- 
crepancies in procedures. The mem- 
bership is being organized into sections 
to carry on this work. 

The present officers of the committee 
have been re-elected for the ensuing 
term of two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 101 voting members; 81 
members returned their ballots, of whom 
73 have voted affirmatively, and 0 nega- 
tively. 


Respectfully submitted on behalf of the 
committee, 
Myron P. Davis, 
Chairman. 
W. A. Evans, 
Vice-Chairman. 
W. A. Zixzow, 
Secretary. 
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EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee D-9 presented to the Society _ 
through Committee E-10 on Standards the following recommendations: ; 
Emergency Specifications for: 
Communication and Signal Pin-Type Lime-Glass Insulators (ES - 41), er 
Revision of Tentative Specifications for: 
Laminated Thermosetting Materials (D 709 - 43 T), recommended jointly by Committee D-9 and 


Committee D-20 on Plastics, 
Flexible Varnished Tubing Used in Electrical Insulation (D 372 - 40 T), 

Black Bias-Cut Varnished Cloth Tape Used for Electrical Insulation (D 373 - 39 T), 7 

Test for Power Factor and Dielectric Constant of Electrical Insulating Materials (D 150 - 44 T), 

Testing Varnished Cloths and Varnished Cloth Tapes Used in Electrical Insulation (D 295 - 43 T), 
Tentative Revision of Standard Methods of: 


Testing Flexible Varnished Tubing Used for Electrical Insulation (D 350 - 43), and 
Testing Sheet and Plate V.aterials Used in Electrical Insulation (D 229 - 43). 


Revision of Tentative Methods of: 


The emergency standard was accepted by Committee E-10 on August 28, | 
1944, the revision of Tentative Specifications D 709 on December 11, 1944, 
and the remainder of the recommendations on December 22, 1944. The emer- ; 
gency specifications, the revised tentatives, and the tentative revisions appear _ 
in the 1644 Book of A.S.T.M. Standards, Part III. ny 

On January 9, 1945, the Standards Committee accepted the joint recom- — 
mendation of Committee D-9 and Committee D-20 on Plastics that the Tenta-_ 
tive Methods of Conditioning Plastics and Electrical Insulating Materials for — 
Testing (D 618 - 44 T) be revised. The revised tentative methods also ap- 
pear in the 1944 Book of A.S.T.M. Standards, Part. = | 
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APPENDIX I 


RECOMMENDATIONS AFFECTING STANDARDS FOR ELECTRICAL 
INSULATING MATERIALS 


In this Appendix are given recommen- 
dations affecting certain standards and 
tentative standards covering electrical 
insulating materials which are referred to 
earlier in the report.'. The standards and 
tentative standards appear in their pres- 
ent form in either the 1942 Book of 
A.S.T.M. Standards, Part III, or the 
1943 Supplement, Part III, as indicated 
by the final number in the A.S.T.M. 
designation. 


New TENTATIVE STANDARDS 


Tentative Specifications for Orange Shel- 
lac and Other Indian Lacs for Electri- 
cal Insulation 


These specifications outline the re- 
quirements for five grades of lacs differing 
somewhat from the requirements of the 
lacs covered by the Standard Specifica- 
tions for Orange Shellac (D 237 — 43 T). 
It is recommended that these specifica- 
tions be accepted for publication as 
tentative. 


Tentative Method of Flexural Test of 
Plastics :* 


These methods have been developed 
jointly by subcommittees of Committee 
D-9 and Committee D-20 on Plastics. 
It is recommended that they be accepted 
for publication as tentative. 


1 See p. 422. 
21944 Book of A.S.T.M. Standards, Part LI. 
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REVISIONS OF TENTATIVE STANDARDS 


Tentative Methods of Test for Power 
Factor and Dielectric Constant of 
Electrical Insulating Materials (D 
150 — 42 T):? 


This revision consists of the addition 
of the following new definition to Section 
2, relettering present Paragraph (e) 


as (f): 


(e) Dielectric Dissipation Factor.—The dielec- 
tric dissipation factor is the term used to desig- 
nate the tangent of the dielectric loss angle. It 
is usually represented in mathematical equations 
by the symbol D. 


Tentative Methods of Sampling and 
Testing Untreated Paper Used in Elec- 
trical Insulation (D 202 ~ 41 T): 


Revisions in these methods consist of 
the deletion of detailed descriptions of 
three methods of test for moisture con- 
tent, tearing strength, and folding endur- 
ance and substituting therefor reference 
paragraphs to available A.S.T.M. test 
methods for these particular tests, Also 
a minor revision in Section 15 on appar- 
ent density in which the formula is 
changed by changing the constants in 
such a manner that the dimensions are 
given in inches rather than centimeters 
as was formerly the case. Another 
minor correction in the formula drops 4 
figure in the seventh decimal place since 


it is not significant. a 


3 See Editorial Note, p. 431. 
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Sections 4 to 7.—Replace the test for 
moisture content in these sections by the 
following: 

3. Moisture Content.—Moisture content shall 
be determined in accordance with the Tentative 
Method of Test for Moisture in Paper, Paper- 
board, and Paperboard and Fiberboard Contain- 
ers (A.S.T.M. Designation: D 644), except that 


the material shall be sampled in accordance with 
Section 2 of Methods D 202. 


Section 15. 
this section from “D = ud < 0.0001001” 


ad “p= 

to read “D = 

change the definition of T to: “thickness 
of the specimen in inches.” 

Sections 20 to 23.—Replace the test for 

tearing strength in these sections by the 


following: 


Change the formula in 


X 0.0000394;” and 


Tearing Strength.—Tearing strength shall be 
determined in accordance with the Tentative 
Method of Test for Internal Tearing Resistance 
of Paper (A.S.T.M. Designation: D 689), except 
that the material shall be sampled and condi- 
tioned in accordance with Sections 2 and 3 of 
Methods D 202. 


Sections 28 to 32.—Replace the test for 
folding endurance in these sections by the 
following: 

Folding Endurance.—Folding endurance shall 
be determined in accordance with Method B in 
the Standard Methods of Test for Folding 
Endurance of Paper (A.S.T.M. Designation: 
D 643), except that the material shall be sam- 


pled and conditioned in accordance with Sections 
2and 3 of Methods D 202. 


Tentative Specifications for Phenolic 
Laminated Sheet for Radio Applica- 
tions (D 467 — 40 T): 


This revision in these specifications 
involves the deletion of requirements for 
a class of material which is not being 
generally produced and for which there 
is ho consumer demand. 

Grade 6.—Throughout the specifica- 
tions delete all references and require- 
ments for grade 6 which appear in Section 
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Part TL 


and the Appendix. 


Tentative Methods of Conditioning Plas- 
tics and Electrical Insulating Materials 
for Testing (D 618-41 T): 

This revision involves a change in the 
time of cooling required after condition- 
ing before the specimens are tested. The 


time of cooling is reduced from 16 hr. to — 


3 hr. unless the materials are known to 
require substantial time to attain essen- 


tial stability of the property being tested. 


Section 4(a).—Change to read as fol- 
lows by the addition of the italicized 


word and figures and the omission of the 


figure in brackets: 


4.(a) Type S Materials.—Type S specimens — 


shall be conditioned for a period of 48 hr. in the 
circulation air oven at a temperature of 50 + 
3C. (122 + 54F.). The specimens shall be 
removed from the oven and cooled in the desic- 
cator over anhydrous calcium chloride for a 
period of at least [16] 3 hr. prior to actual testing. 
In the case of materials which are known or are 
expected to require substantial time to attain essen- 
tial stability of the property being measured, 
the cooling period shall be at least 16 hr. A defi- 
nite time interval, previously decided upon by 
the cooperating laboratories, shall be allowed to 
elapse between the removal of the specimens 
from the desiccator and the application of the 
tests. 
pheric conditions. 


Method of Test for Distortion Under 
Heat of Molded Electrical Insulating 
Materials (D 648 — 41 T): 


Committee D-Y joins with Committee — 


The tests may be made at room atmos- — 


D-20 on Plastics in recommending revi- 


sion of this method to be issued under 
the title “Tentative Method of Test for 
Heat Distortion Temperature of Plas- 
tics.’”! 
TENTATIVE REVISIONS OF 
Standard Methods of Testing Electrical 
Insulating Oils (D 117 — 43): 
Last year a change was made in the 


4 This method was accepted as tentative by the Society 
and appears in the 1944 Book of A.S.T.M. Standards, 


STANDARDS 


1 and in Tables I, II, V, VI, and VII, 


| 
| 
RDS 
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tentative revision of D 117-42 which it introduces an excessive amount of air into the 
deleted from the tentative revision Sec- ™ixture. Immediately after mixing, the test 


, a “ae cup shall be filled with liquid to a heig 
tion 26 containing a description of the less (0.787 ‘a 


procedure for preparation of the sample. top of the electrodes. In order that entrapped 
A new Section 26 has now been prepared !F may escape, the container shall be gently 


‘ gare peer ‘ rocked a few times and the liquid allowed to 
to replace this deleted section. ts cup for 3 min, before voltage 
therefore recommended that this change, applied. Where more than one test is made on 


Distance between Grips 
at Start of Test 


G \ 


Length of | 
Sechan| 


T-Thickness,? in. 


Dimension, in. in. or under Over to in., Incl. 


Type I r Type I 


C—Width overall 
W—Width of flat section 


F—Length of flat section 
G—Gage length®........... 
D—Distance between grips? 
L—Lenzth overall 


4 Tolerance on thickness shall be the standard for the grade of materia] tested. 

For sheets of a nominal thickness over 1 in. the specimens shall be machined to 1.000 + 0.010 in. in thickness. For 
thicknesses between | and 2 in. app’o imately equal amounts shall be machined from each surface. For thicker sheets 
both surfaces shall be machined and the location of the specimen with reference to the original thickness shall be noted. 

© The type 11 specimen shall be used for material from which the type I specimen does not give satisfactory failures 
in the gage length, such as for resin-impregnated compressed laminated wood. 
Test maras only. 


Fic. 1.—Tension Test Specimen for Sheet and Plate Insulating Materials. 


as given below, in the tentative revision® the same specimen, the liquid shall be allowed 
be made and that the revised tentative *® stand for 1 min. between tests. 
revision be continued as tentative: Standard Methods of Testing Sheet and 
Sccticn 26.— Revise the tentative re Plate Materials Used in Electrical 
vision referred to above by inserting the Insulation (D 229-43): 
following as a new Section 26, and re- This test method has undergone con- 
numbering the subsequent sections ac- siderable revision within the past two 
cordingly: years to make it possible to correlate the 
“ommittee 
26. Preparation of Sample.—The dielectric by all 
strength of liquid dielectrics may be markedly -£U on Fiastics lor general use on 
altered by the migration of impurities through types of plastics as well as to correlate 
the liquid. In order that representative test these methods with those outlined m 


specimens may be obtained, the container shall Federa] Specifications being prepared 


be gently tilted or inverted and the oil swirled . aca Secti 
several times in such a way that any impurities and revised. The revision of 


present will be thoroughly mixed with the di- 6 (a) given below refers to the current 
electric. Too rapid agitation is undesirable, as tentative revision® of these methods. 


$1943 Supplement to Book of A.S.T.M. Standards, $1943 Supplement to Book of A.S.T.M. Standards, 
Part III, p. 531. Part II, p. 527. 
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Standards 


The revision of Sections 30 (6) and 33 
(d) concern a new type of test procedure 
to be used in making dielectric break- 
down measurements when the voltage is 
applied parallel to laminations. The 
new procedure uses a smaller specimen 
and experience in the subcommittee 
presenting the revision indicates more 
satisfactory and reproducible results may 
be obtained. 

The revision of Sections 39 to 42 con- 
cerns the deletion of the procedure for 
making Rockwell hardness tests and the 
replacement therefor of a new section 
referring to a new method developed 
jointly by Committee D-9 and Commit- 
tee D-20. 

Another tentative revision of this 
method concerns the addition of a new 
Section 51 referring to the Tentative 
Method of Test for Coefficient of Linear 
Thermal Expansion of Plastics (D 696 —- 
42 T) which has been found satisfactory 
for this type of material. 

Section 6(a).—Delete the table shown 
with Fig. 1 of the current tentative revi- 
sion® and substitute for it the following 
new table and notes showing dimensional 
requirements for two types of specimens 
as shown in the accompanying Fig. 1. 

Section 30 (b).—Change from its pres- 
ent form: namely, 


(b) For tests parallel to the flat sides, the 
material shall be cut into sections 2-in. square. 
Holes shall be drilled into opposite edges of each 


ends of the holes being $ in. apart. Metal elec- 


trodes shall be used, the ends of which exactly 
Thus, in effect, the 
material is tested edgewise in a modified needle 
gap. The diameter of the hole should be ap- 
proximately one fourth the thickness of the 
For very thin specimens it may be 
Re- 
sults shall be expressed in total kilovolts at 


fit the ends of the holes. 


specimen. 
necessary to use a larger ratio of drill size. 


all 


in breakdown. 


to read as follows: 


section s9 as to line up with each other, the inner 


_ (6) For tests parallel to the flat sides (parallel 
with laminations in laminated sheets) the test 
specimens shall be 4 in. in width by 1 in. in 
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length by the thickness of the material. Mini- 
mum thickness of material shall be } in. A hole 
shall he drilled in the approximate center of the 
1-in. length in a direction parallel with the flat 
sides, to a depth of ;& in., leaving a thickness of 
vs in. to be tested. A snug fitting metal pin 
electrode, with the end ground to conform with 
the shape of the drill used, shall be inserted in 
the hole. The specimen shall be placed on a flat 
metal plate, which shall be at least 1} in. in 
diameter. This plate shall serve as the lower 
electrode. Thus, in effect, the material shall 
be tested parallel with the flat sides in a point- 
plane gap. The diameter of the hole shall be — 
as shown in the following table: 


Nomina] Hole 
Nominal Thickness Diameter for 
Of Sheets, Pin Electrode, 
in. in. 


Note.—For sheets with exceptionally high — 
dielectric strength, surface flashover may occur. 
Such cases should be noted in the report. 


Section 33 (d).—Change from its pres- 
ent form: namely, 


(d) At least five tests shall be made at each 
test temperature in the short-time method, and 
at least three tests in the step-by-step method. 
Where the range of test temperature is consider- 
able, tests should be made at not less than four 
temperatures, so that a curve of dielectric 
strength against temperature may be plotted. 


to read as follows: 


(d) At least five tests shall be made at each 
test temperature in the short-time method, and 
at least three tests in the step-by-step method. 
When the range of test temperatures is consider- 
able, tests should be made at not less than four 
temperatures, if a curve of dielectric strength — 
against temperature is desired. 

Note.—The thickness of the section shall be 
measured prior to breakdown. This can be 
conveniently done by measuring the length of the 
electrode, then the combined length of the speci- 
men and electrode with the electrode inserted in 
place. 


Sections 39 to 42.—Replace the test for 
Rockwell hardness in these sections oly 
the following: 


39. Rockwell hardness of all sheet and plate 
insulating materials shall be determined in ac- 
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cordance with the Tentative Method of Test for 
Rockwell Hardness of Plastics and Electrical 
Insulating Materials (A.S.T.M. Designation: 
D 785).? 


Section 51.—Add a new Section 51 to 
read as follows: 


51. Coefficient of Linear Thermal Expansion.— 
The coefficient of linear thermal expansion of all 
sheet and plate insulating materials shall be 
determined in accordance with the Tentative 
Method of Test for Coefficient of Linear Thermal 
Expansion of Plastics (A.S.T.M. Designation: 
D 696). 


Standard Methods of Testing Laminated 
Tubes Used in Electrical Insulation 
(D 348 42): 

This revision concerns the correlation 
of this method of test with the tensile 
strength test method developed in Com- 
mittee D-20 on Plastics and tests used in 
Federal Specifications. The changes 
made involve a minor change in the di- 
mensions of the test specimen and test 
specimen holder. 


Metal Plugs 

Ly 20 Rad. 

Jawsnotto 
i + Extend Beyond f*\-\. Q 

; N 17 
1 4 

‘ 
Q =) Rod 
= 1; 52 Depth 
N Milled Portion 
iJ 
+ & Metal 

Plug Detail 


Fic. 2.—Assembly for Tension Test of Tubes. 


Sections 3 and 4.—Change from their 
present forms to read as follows: 


3. Apparalus.—Any universal testing ma- 
chine may be used provided it is accurate to 1 
per cent of the lowest load to be applied. Jaws 
which tighten under load, such as wedge-grip 
jaws, shall be used with the specimen properly 
aligned. 

4. Test Specimens.—The length of the test 
specimens shall be 10 in. plus 4 times the inside 


diameter of the tube. When the wall thickness 
of the tubing is $ in. or over, a groove 2} in. in 
length in the flat portion and +; in. in depth shall 
be machined around the tube at the center with 
corners rounded to a radius of 3 in. Steel or 
brass plugs, whose length is 2 in. plus twice the 
diameter, and which conform to Fig. 1 (the ac- 
companying Fig. 2) shall be used to plug the ends 
of the specimen to prevent crushing. The plugs 
shall fit the specimen within 0.010 in. They 
may be located conveniently in the tube by sepa- 
rating and supporting them on a metal rod the 
lower end of which is screwed into the lower 
plug and the upper end of which rests in a loose 
socket as shown. 


Standard Methods of Testing Laminated 
Round Rods Used in Electrical Insula- 
tion (D 349 — 42): 


This revision is similar to the revision 
recommended above in Methods 
D 348-42 as part of the correlation 
program between the D-9 methods, 
Methods D 638, and Federal Specifica- 
tions LP-406. It involves a relatively 
minor change in the dimensions of the 
test specimen. 

Section 4.—Change this section to 
read as follows by the addition of the 
italicized words and the omission of 
those in brackets: 


4. The test specimens shall be about 12 in. in 
length. When the diameter of the rod is } in. or 
over, a groove [1 in. in width] 2.25 in. in length, 
and #; in. in depth with corners rounded to a 
radius of 3 in. shall be machined around the rod 
at the center. 


Standard Methods of Test for Grading 
and Classification of Natural Mica 
(D 351 — 38): 


This revision consists of the addition 
of a second table as a supplement to this 
method of test. The purpose of this 
table is to expand and clarify the present 
classifications of quality of mica as given 
in Table I. It does not supplant this 
table nor change the method in any way. 

Table II.—Add as a supplement to 
this method the accompanying Table I. 
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ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following eight tentative standards be 
approved for reference to letter ballot of 
the Society for adoption as standard 
without revision, except in the case of one 
method as indicated: 


RECOMMENDATIONS ON STANDARDS FOR INSULATING MATERIALS 


Used for Electrical Insulation (D 176 - 42 T), 
Testing Glass Spool Insulators (D 550-41), — 
Test for Punching Quality of Phenolic Lami- 

nated Sheets (D 617 —- 41 T), 

Test for Product Uniformity of Phenolic Lami- — 


nated Sheets (D 634-41 T), 

Testing Steatite Used as Electrical Insulation 
(D 667 - 42 T), and 

Measuring Dimensions of Rigid Tubes Used in 
Electrical Insulation (D 668 — 42 T). 


TABLE I.—QUALITY CLASSIFICATION OF NATURAL BLOCK MICA 0.007 TO 0.030 IN. IN THICKNESS 
BASED ON VISUAL JUDGMENT. 


Nore 1.—The visual properties of block mica usually are judged under the following light conditions: 
For stains and inclusions—Transmitted daylight or equivalent. 


For air inclusions—Reflected daylight or equivalent. 


For waves, buckles, ridges, etc.—Reflected daylight through a window frame where distortion of parallel and vertical 


lines of reflected image can be judged. 


Note 2.—The mechanical prope of block mica usually are judged as follows: 


Hardness—As judged by s 


arp clear ring when mica is dropped on a hard surface. 


Rigidity—Relative stiffness judged by flexing with fingers. 
d 


Nore 3.—Heavy stained an 
or without conducting veins and spots. 


black stained and spotted qualities are obtainable in hard and soft varieties and with 


Note 4.—Natural mica occurs in various colors which are more pronounced the thicker the block. Some typical 


colors are ruby, white, light green, green, rum, etc. 


Note 5.—Quality of films less than 0.007 in. in thickness shall be visual equivalent of corresponding block. 


< 8 |tnclusions Waviness Hardness 
Classifications: 
Viv} X} X} X | X} X | X | X | XIX X | xX 
Clear an 
Staine 
Fair Stained.... X| v | X | X | X | vi vi XTX Ivivi xX | Xx x 
Good Stained. Vivivi XP X |X vi vi Xi vi vi X | XIX 
Heavy Stained... |Vjv| Vi | XI XI Vi vVivivivivi vi vi vi xX] v 
Black Stained 


| 


= permissible. 
X = not permissible. : 
* Except in regions adjacent to edge. 


Tentative Methods of: 


Test for Saponification Number of Petroleum 
Products by Color-Indicator Titration (D 94 - 
43 T), with minor editorial revisions as given 
in the current Report of Committee D-2,7 

Test for Dielectric Strength of Electrical Insu- 
lating Materials at Commercial Power Fre- 
quencies (D 149 - 40 T), 

Testing Solid Filling and Treating Compounds 


7 See Report of Committee D-2 on Petroleum Products 
and Lubricants, p. 378. a 


ADOPTION OF TENTATIVE REVISION OF 


STANDARD AS STANDARD 


Standard Methods of Testing Electrical 
Porcelain (D 116 42): 


The committee recommends that the 
tentative revision® of these methods as 
submitted in June, 1942, and which re- 
fers to a procedure for determining the 
porosity of porcelain by the dye penetra- 


81943 Supplement to Book 
Part III,p.533. 


of A.S.T.M. Standards 
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tion method be approved for reference to 

letter ballot of the Society for adoption 

as standard. 

Standard Methods of Testing Shellac 
Used for Electrical Insulation 
(D 411-42): 

The committee recommends that the 
tentative revision? of these methods 
as submitted in June, 1942, and which 
provides for a change in the requirements 
for the test specimen in Section 11 (a) 
be approved for reference to letter ballot 
of the Society for adoption as standard. 


WITHDRAWAL OF TENTATIVE STANDARD 


Tentative Method of Test for Comparing 
Thermal Conductivities of Solid Elec- 


%1943 Supplement to of Book A.S.T.M. Standards, 
Part ILI, p. 527. 


trical Insulating Materials (D 325 - 
31 T): 


This tentative method has been carried 
as a comparative method for a large num- 
ber of years without change or use so far 
as can be ascertained. During that time 
the Tentative Method of Test for Ther- 
mal Conductivity of Materials by Means 
of the Guarded Hot Plate (C 177 — 42 T) 
which provides procedures for measuring 
the thermal conductivities of a wider 
range of material has been prepared. 
Since the newer method gives more fun- 
damental values not based on a standard 
material which may or may not be vari- 
able this method has become obsolete. 
The committee accordingly recommends 
that Method D 325 — 31 T be withdrawn 
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INVESTIGATION OF TEST PROCEDURES FOR DIELECTRIC 
STRENGTH OF LIQUID INSULATION 


APPENDIX II 


REPORT OF SECTION L OF SUBCOMMITTEE IV ON WoRK PERFORMED FROM 1935 


Published for information only. 


The American Society for Testing 
Materials first accepted a method for 
dielectric strength tests of insulating 
oils in 1921 which was published in the 
Tentative Methods of Testing Trans- 
former and Switch Oils (D 117 — 21 T) 
This method was prepared subsequent to 
an investigation by three cooperating 
laboratories, each of which tested 144 
samples of oil. Part of this investigation 
was devoted to comparisons of the sphere 
and disk electrodes. These studies were 
reported in 1921.! 

Between 1921 and 1935, a number of 
questions had arisen regarding certain 
features of the dielectric strength test. 
At the meeting of Committee D-9 held 
in March, 1935, Section L on Dielectric 
Strength, of Subcommittee IV on Liquid 
Insulation, was appointed to review the 
test procedure for dielectric strength of 
insulating oils in the then current 
AS.T.M. Methods of Testing Electrical 
Insulating Oils (D 117 — 33)? and to 
suggest improvements. E. J. Rutan was 
appointed chairman of the section in- 
cluding the following membership, which 
is about the same personnel as now serv- 
ing on the section, except for the present 
chairman: 


E. J. Rutan Chairman 4 4 M. Guarnier 


H. A. Ambrose O. A. Knapp 

R. W. Chadbourn A, E. Maibauer 
F. M. Clark §. J. Rosch 
E.C. De Baene M. F. Skinker 
A. E. Flowers L. Stiles, Jr. 


' Joint Compusative Tests of Spark’ Gaps for Testing 
Transformer Uils, Appendix I, Repurt of Committee D-9 
on Electrical Insulating Materials, Proceedings, Am. Soc. 
Testing Mats., Vol. 21, Part 1, p. 396 (1921). 

71933 Book of A.S.T.M. Standards, Part II, p. 1087. 
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TO 1941 oN DIELECTRIC STRENGTH OF LIQUID INSULATION 


The results of the work of this section 
have been prepared for publication since 
it is thought that they represent the most 
extensive summary of dielectric strength 
data ever compiled for committee work. 

Some of the more important questions 
studied were as follows: 


1. A more specific description of the testing 
equipment, particularly the transformer, the 
control, the method of measuring the voltage, 
and the method of cleaning the test cup were 
needed. 

2. The need for a classification test in addi- 
tion to the referee test due to the fact that many 
laboratories were using an abbreviated form of 
the A.S.T.M. method for maintenance and 
control testing. 

3. Whether the dielectric strength differed 
between fillings from the top, middle, and one 
which drained the sample container. 

4. What is a reasonable statement of the re- 
producibility of results? 

5. Is the rate of rise of voltage of 3 kv. per sec. 
necessary and do available instruments give re- 
liable indication at this rate? 

6. Is there a basis for neglecting the momen- 
tary discharges as provided for in the method? 


7. Is there a better shape of test electrode — 


than the disk with square edges? 
8. Clarification of the section dealing with 
mixing the sample before test. 


9. Is there a detrimental effect due to taking , 


five breakdowns on each filling? Are fast in- 
terrupting circuit breakers necessary? 


A number of laboratories submitted 
detailed descriptions of their apparatus 
and testing procedure. 
laboratories also submitted data which 


Many of these > 


they obtained during regular oil testing — 


or on special tests. There was thus 
made available data on approximately 
5000 samples of oil which in the opinion 
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of Section L represents the greatest 
collection of data ever assembled on the 
study of dielectric strength tests of 
insulating oil. This report has been 
prepared from that information. 


Test Apparatus: 


A study of the test apparatus and 
procedure given in Table I together with 
the apparatus specified in the Tentative 
Methods of Test for Dielectric Strength 
of Electrical Insulating Materials at 
Commercial Power Frequencies (A.S. 
T.M. Designation: D 149)* and the 
Measurement of Test Voltage in Di- 
electric Tests (A.I.E.E. Standard No. 4) 
resulted in the approval in 1940 of a 
tentative revision to A.S.T.M. Methods 
D 117 specifying the test apparatus and 
the preparation of the test cup.‘ 


Number of Tests and Fillings: 


In order to obtain an answer for items 
2 and 3 above the data for 1100 samples 
(2835 cup fillings) were compiled and 
plotted in various groups as shown on 
Fig. 1. These data were obtained from 
six laboratories each using the equipment 
described in Table I and following the 
procedure described in A.S.T.M. Method 
D117-33.2, From the various groups on 
Fig. 1 the following conclusions were 
drawn: 

(2) From the histograms in Group I 
it may be seen that the first dielectric 
breakdown of a filling oil tends to be lower 
than the average of five breakdowns. It 
may also be noted that for oils in service 
deviations of more than 2 kv. occur 
quite frequently. These results indi- 
cated that only one breakdown on a 
sample would not give reliable data. 

(6) Group II is a comparison of the 
average of the five breakdowns on the 
first with the average of three 

*1942 Book of A.S.T.M. Standards, Part III, p. 1141. 

* See Report of Committee D-9 on E lectrical Insulating 


M ~?_- Appendix I, Proceedings, Am. Soc. Testing 
Slats... Vol 40, p. 359 (1940). 


’ 


fillings from the same sample and shows 
more reliability than Group I. The 
relation between the average of the first 
breakdown on each of three fillings and 
the average of all 15 breakdowns on the 
three fillings is given in Group IV and 
shows reasonable promise but the spread 
was not as narrow as in Group II. It 
was decided to adopt five breakdowns on 
one filling as a classification test because 
with this procedure there would usually 
be sufficient oil for additional fillings if 
check tests were desired. 

(c) In Group III the results of the 
first filling are compared with the last 
filling of the same sample both when the 
last filling drained and did not drain the 
sample container. There is no marked 
difference in the deviation patterns and 
it was concluded that this precaution 
was not needed in the revised method 
of test. 


Reproducibility of Results: 


Group II on Fig. 1 represents the 
results of tests on 745 samples of new 
and used oil. An analysis of the devia- 
tion of the first filling of a sample from 
the average of three fillings on the same 
sample is as follows: 


100 per cent of first fillings were within 5 kv. of average of 
3 fillings 


99.6 par cs = of first fillings were within 4 kv. of average of 
3 filling 


98.1 pergen ent of first fillings were within 3 kv. of average of 
3 fi 


93.7 pe rent t of first fillings were within 2 kv. of average of 
3 filli 


ngs 
83.1 per cent of first fillings were within 1 kv. of average of 
3 fillings 


These results show that over 98 per 
cent of the first fillings were within 3 kv. 
of the average of 3 fillings and this value 
should be taken into consideration in 
establishing a standard value for classi- 
fication tests. 

In addition to the data summarized in 
Fig. 1, special tests were made on 
approximately 4000 samples by a few 
of the participating members. The data 
from these tests were used to study the 


effect of rate of voltage rise, instrument — 
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accuracy, momentary discharges, elec- 
trode shape, shaking the sample, and 
duration of arc current. 


Rate of Voltage Rise: 


The rate of voltage rise specified for 
dielectric strength tests of insulating 
oil is 3 kv. per sec. This is faster than 
the rate of rise used in other A.S.T.M. 
test methods which is 1 kv. per sec. 


from 75Fillings from 
Laboratory No./ Laboratory No.2 


Rate of Rise of Voltage, 
|  3kv. per sec. 


Rate of Rise of Voltage, 

/kv. per sec. 


Number of 
° 


0 
“10 -5> O +5 +10 -10 -5 O +5 +10 
Deviation, kv. 


Fic. 2.—Frequency Distribution of Samples 
of Oil According to Maximum Deviation of In- 
cividual Breakdowns From the Average of Five 
Breakdowns on the Same Filling. 


This problem was studied from two 
viewpoints, as follows: 

(a) Will a lower rate of rise reduce the devia- 
tion between individual breakdowns? 

(b) Are the standard indicating voltmeters 
able accurately to follow the voltage at a 3 kv. 
per sec. rate of rise? 

Detailed data from two laboratories 
submitted to date do not show any 
marked improvement when using 1 kv. 
per sec. over the standard rate of 3 kv. 
per sec. The results on 50 samples 
tested by one laboratory and 25 samples 
tested by the other laboratory are 
plotted in Fig. 2 and show about the 
same deviation pattern. Two other 
laboratories reported results but not in 
sufficient detail for analysis as above. 
A summary of the results from the four 
laboratories js given in the following 
table: 


Average Samples 
| down, kv. igher 
4 sec, Fillings Value at 
Laboratory 5 3 Average of 
| | per | | 
illings, 
s| 4 | 
Zio ~ 
Consolidated 
Edison...... $0 | 27.3) 25.1 2.2 37 8 
‘ommon- 
wealth 
Edison...... 25 | 34.7) 32.7 2.0 21 
General 
Electric..... 35 | 37.8) 36.1 7 27 2 
oston | | | 
Edison......| 32 | 30.5, 30.2) 0.3 |. | 


The results from all four laboratories 
do not show that there is a marked 
lowering of dielectric strength although 
the trend is slightly downward for the 
lower rate. If the lower rate were 
adopted present standards would prob- 
ably be lowered. 

The study of rate of voltage rise has 
not been completed and at present no 
conclusions reached. 


Instrument Accuracy: 


In connection with the rate of voltage 
rise a serious condition exists in the 
selection of a suitable instrument. Data 
were taken by having indicating volt- 
meters of different manufacture con- 
nected to a source of potential which 
could be varied at a rate equivalent to 
3 kv. per sec. and 1 kv. per sec. on the 
testing transformer. The control was 
motor driven therefore insuring a uni- 
form rate of rise. Readings were taken 
at division points equivalent to differeat 
high-voltage breakdown values. The 
results are shown on Fig. 3. This chart 
shows that the more accurate and 
expensive instruments due to better 
damping, are not sufficiently accurate at 
the 3-kv. per sec. rate. This data does 
indicate the necessity for checking the 
performance of the instrument used with 
the present rate of 3 kv. per sec. and 
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may be the factor influencing the 
decision to use the lower rate of rise. 


Momentary Discharges: 


The study of momentary discharges 
was undertaken in three laboratories. 
Momentary discharges are defined as 
arcs in the insulating fluids, noted 
audibly or visibly during dielectric 
strength tests, which do not cause a 
permanent arc between the electrodes 
and are not effective in either causing 
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tigation, however, each cup filling tested 
was classified as satisfactory when the 
average of five consecutive breakdowns 
was 26.0 kv. or over, and as unsatis- 
factory when the average was below 
26.0 kv. The insulating fluids were 
grouped as new oil, reconditioned oil, 
used oil (tested before reconditioning), 
and askarel. 

A summary of the number of cup 
fillings tested, as given in Table II, 
shows that momentary discharges were 


2 
Manufacturer A 
x= 0 ~ — 
8 4 an: 
4 
ceo 
8 
10 
Rote of Voltoge Rise, 3 kv. per sec. 
Ss 
2 Monufacturer A 
yee 0 I I 
6 é 2 Rate Voltage Rise,— 
10 12 4 16 18 20 22 24 26 28 30 32 34 36 
Breakdown Voltage, kv. 


@ 
Fic. 3.—Voltmeter Indications at Various Rates of Voltage Rise. 


the circuit breaker to open or returning 
the needle of the indicating instrument 
to zero. It was found during the 
investigation that a characteristic crack- 
ling sound always accompanies the 
momentary discharge. 

One laboratory reported the results 
obtained on 3195 cup fillings during 
routine testing. Except for keeping of 
records on momentary discharges, no 
change was made in A.S.T.M. Methods 
D 117. For the purpose of this inves- 


observed on less than 2 per cent of the 
total. 

The average dielectric strength of the 
cup fillings, the average kilovolts at 
which the momentary discharge oc- 
curred, and the average kilovolts at 
which the permanent breakdown took 
place after the momentary discharge are 
shown in Table III. A sensitive relay 
rated at 10 ma. was used in the high 
voltage circuit of one of the test sets 
used in this investigation. Although 
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the momentary discharges occurred be- 
tween 6 and 21 kv. (average, 11 kv.), 
the relay did not trip the circuit breaker 
on any of these discharges. On perma- 
nent breakdowns falling within this 
range of voltage, the relay would operate 
to open the circuit within 0.01 sec. 


‘Insulating Fluid otal | Fillings 
li with No | 
Momen- mn 
tary Dis- | Total 

charges 
Reconditioned oil........... 670 417 62.3 
482 348 72.2 
Total, all fluids. . 3195 2101 | 65.7 
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TABLE II.—SUMMARY OF MOMENTARY DISCHARGES OBSERVED ON INSULATING FLUIDS. 


Tested Satisfactory* 


are shown in Table IV. ‘The results 
show that on unsatisfactory used oil a 
majority of the cup fillings had more 
than one momentary discharge. How- 
ever, on the other types of insulating 
fluid usually only one momentary dis- 
charge occurred per cup filling. The 


| Number of Cup Fillings Tested in Dielectric Strength 


Tested Unsatisfactory” 


Fillings Fillings | Fillings 
h | | w No | 

tary Dis-| tary Dis- tary Dis- 

charges | Tota! | charges Total | charges | Total 

0 0.0 | 434 28.3 12 6.8 
1 0.1 241 36.0 11 1.6 
0 0.0 240 47.2 21 4.1 
2 0.4 119 24.7 13 2.7 
3 0.1 1034 32.4 57 1.8 


“ Cup fillings classified as satisfactory when average of five breakdowns is 26.0 kv. or over. 
Cup fillings classified as unsatisfactory when average of five breakdowns is less than 26.0 kv. 


“TABLE IIl.—DIELECTRIC STRENGTH AVERAGES? ON INSULATING FLUIDS ON WHICH MOMENTARY 
DISCHARGES WERE NOTED. 


Average y Kilovolts at Which Averaged 
, ‘ Dielectric | Number | Momentary Discharges Dielectric 
Number | Number of Mo- Oc Strength of 
Insulating Fluid of of Cup re mentary Tests on Which 
Samples | Fillings Fillings 
charges Jischarges 
kv. Max. Min. Avg. Occurred, kv. 
New Oil: 
Unsatisfactory............ 11 12 22.0 14 21.0 7.0 13.0 18.5 
Reconditioned Oil: 
1 1 26.0 1 14.0 14.0 14.0 15.5 
Unsatisfactory............. 10 11 20.0 13 21.0 8.0 13.5 17.5 
Used Oil: 
Satisfactory.............. 0 0 ; 
Unsatisfactory............. 13 21 16.0 48 13.5 6.0 10.5 14.5 
Askarel: 
2 2 30.0 2 11.0 10.5 11.0 23.5 
Unsatisfactory....... 13 13 17.0 17 11.0 8.0 9.0 14.5 


This tends to indicate that a momentary 
and a permanent discharge are two 
different phenomena. 

The frequency distribution of momen- 
tary discharges according to the number 
of discharges per cup filling and the 
successive test on which they occurred 


@ Five dielectric breakdown tests made on each cup filling. 


table also shows that the majority of mo- 
mentary discharges do not cocur on the 
first test. 

In a second laboratory 448 cups were 
tested and the momentary discharges 
recorded. A summary of the data 
follows: 
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Total number of cups tested.. er 
Number of cups showing momentary ‘disc harge... >. ae 
Number of momentary discharges in 30 cups....... 42 


Number of deviations of momentary discharge from 

cup average below 25 per cent... 

Number of deviations of momentary discharge from 
cup average above 25 per cent....... 

Number of deviations of breakdown following momen- 
tary discharge from cup average above 25 per 

Number of deviations of breakdown following momen- 

tary discharge from cup average below 25 per cent . 23 


These tests showed that in 23 cases a 
retest would have been required by the 
dielectric strength test in A.S.T.M. 
Method D 117 if momentary discharges 


TABLE 1V.—FREQUENCY DISTRIBUTION OF MOMENTARY DISCHARGES ON SUCCESSIVE BREAKDOWN _ 


OF DIELECTRIC STRENGTH OF INSULATING FLUIDS 


continued the previous procedure of 
neglecting momentary discharges but 
will continue to study further data. 


Effect of Electrode Shape: al 


Two laboratories have made tests with 


various shape electrodes. One labora- 
tory made a few comparative tests with 
the standard flat electrodes and a 
mental spherical electrodes. The ex- 
perimental test cup consisted of a sphere 


TES TS? ON INSUL ATING FLUIDS. 


of Cup Fillings Clas- of Dis- 
Number |_ sified According to Number charges Classified According 
of Cup | _ of Momentary — Total to the Breakdown Test on 
J re Fillings Discharges per Filling Momen- Which They Occurred 
Insulating Fluid Showing - tary Dis- |——— 
Momentary Discharges per Filling charges | ... Sec- |-m.-. ,|Four- | a: 
1 2 3 4 5 est | Test | **%* | Test | **%* 
New Oil: 
Satisfactory............ 0 0 0 0 0 0 0 0 0 0 0 0 
Unsatisfactory.......... 2 10 2 0 0 0 14 2 8 3 1 0 
12 10 2 0 0 0 14 2 8 3 1 0 
Reconditioned Oil: 
1 1 0 0 0 0 1 1 0 0 0 0 
Unsatisfactory.......... 11 9 2 0 0 0 13 4 3 + 2 0 
, ae ee 12 10 2 0 0 0 14 5 3 4 2 0 
Used Oil: 
ee _: SEE 0 0 0 0 0 0 0 0 0 0 0 
Unsatisfactory.......... 21 8 6 2 3 2 48 20 11 9 5 3 
WE cid cosuenetanar 21 8 6 2 3 2 48 20 11 9 5 3 
Askarel: 
Satisfactory....... i 2 2 0 0 0 0 2 1 0 1 0 0 
Unsatisfactory......... 13 10 2 1 0 0 17 5 2 6 3 1 
MR ss caeeidexkeees 15 12 2 1 0 0 19 6 2 7 3 1 
ee 60 | 40 12 3 3 2 95 33 24 23 il 4 


* Five successive breakdown tests made on each cup filling. 


were taken into account, where no 
retest is now required. 

The third laboratory reported results 
of tests on 100 samples, of which 98 
samples were from apparatus in service. 
All tests were made following the 
standard procedure. Only one momen- 
tary discharge was noted at 14 kv., 


whereas the breakdown occurred at 
32 ky. 


For the present the committee has_ 


and hemisphere constructed to obtain a_ 
uniform gap spacing without stress con-— 


centration. The experimental test cup 
required a much smaller sample than the 
standard test cup and from the few 
samples tested seemed to show greater 
sensitivity to the presence of water. 

The other laboratory submitted data 
on 191 samples showing a comparison 
between square-edged electrodes and 
round-edged electrodes, 
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results showed that the average di- 
electric strength of the fillings tested 
with the round-edged electrodes were 
1.7 kv. higher than the fillings tested 
with the square-edged electrodes. It 
was also noted that this difference 
increased considerably for the samples 
that tested above 30 kv. The frequency 
distribution of the maximum percentage 
deviation of the individual breakdown 
from the average of five breakdowns on 
each filling is given in Fig. 4 and shows 
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The sample in the container shall be shaken 
$9 as to thoroughly mix the oil before filling the 
test cup. This is even more important with 
used than with new oil as the impurities may 
settle to the bottom and the test may be mis- 
leading 

A study of the procedures followed by 
different laboratories as shown in Table I 
indicated that this section has received 
various interpretations and should be 
clarified. 

If a sample is shaken sufficiently to 
thoroughly nix the liquid the 3-min. 


20 
Average Deviation 
15 15.3 per cent 
Fillings Tested with 
o 10 Round Edged Electrodes — 
= 5h | | 
uw 
5 | Average Deviation 
(13.3 percent | 
2 10+ Fillings Tested with 
Syoore Ldged 
5L 
‘ 
0 5 10 15 20 25 30 35 40 Over 40 


Deviation, percent 


Fic. 4.—Frequency Li:tribution of 191 Samples of Oil According to Maximum Percentage 


Deviasi n of Incividual Breakdowns from the Average of Five Breakdowns 
on the Same Filling. 


Note.—Two filings tested from each samp!e; one in cup with square-edged electrodes and the other 
in cup with round edged electrodes. 


that the deviations are greater with the 
round-edged electrodes. 
This investigation is being continued. 


Effect of Shaking the Sample: 


In A.S.T.M. Methods D 117 — 43, the 
current dielectric strength test® contains 
tLe following provision in Section 23 (e) 
which was criginally approved in 1926: 

5 A “tentative revision” of the dielectric strength test 
ae arp ay has been accepted by the Society and is pub- 


ished in the 1943 Supplement to Book of A.S.T.M. Stand- 
ards, Part III, p. 531. 


waiting period between filling the test 
cup and applying the voltage is not 
sufficient to allow the air bubbles to 
escape. Two laboratories have sub- 
mitted results of tests made to determine 
the rate of air escape from an air-liquid 
emulsion and the recovery of dielectric 
strength after vigorous shaking. 

One laboratory tested three liquids of 
different viscosity and stated that if the 
liquid is shaken before the dielectric 
test, the period of time necessary to 
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eliminate the air from the liquid is a 
function of the liquid tested and depends 
to a large extent on the liquid viscosity 
at the temperature of test. For tests at 
25 C. the liquids must be allowed to 
stand for at least as long as indicated in 
the following table: 
Transformer oil (Saybolt Universal vis- 

cosity of 58 sec. at 37.8 C.)... .... 15 min. 
Light cable oil (Saybclt Universal vis- 

cosity of 100 sec. at 37.8 C.)...... 45 min. 


Askarel (Saybolt Universal viscosity of 


Tests were also made to determine the 
length of the rest period necessary for the 
liquid to reach a stable dielectric strength 
value. These tests were made with oils 
of various water content and are as 
follows: 


Time to Boneh Stable Dielectric 
Water Content, Value (25 C.), enim 
ppm. 
3to7 20 33+ 30 
17 to 35 20 33+ 30 
) to 67 12 10 20 


The second laboratory made tests on 
three similar liquids each with three 
different water contents. The results of 
these tests showed that vigorous shaking 
was necessary in order to get reproducible 
results on those samples which contained 
free water as contrasted with dissolved 
water. When the water is in solution 
the same results are obtained whether 
the sample is shaken or just inverted. If 
samples containing free water are allowed 
to stand for more than’ 15 min. after 
shaking there is a definite tendency for 
some of the cup fillings to show satis- 
factory dielectric strength and therefore 
misleading results. 


Duration of Arc Current: 


Results of tests made on insulatinz 
oils showed that there was no systematic 
decrease in the breakdown of successive 
tests on the same filling, either when the 
test set was equipped with a high-speed- 
circuit opening device or when the 
circuit was opened by hand. However, 
tests on askarels showed a systematic 
decrease and the average breakdown of 
the fifth test of 80 fillings was 9 kv. below 
the average breakdown of the first test 
when the circuit was opened by an 
ordinary circuit-breaker. After instal- 
ling a high-speed circuit breaker as 
many as 15 breakdowns were made on 
the same filling with no decrease in the 
dielectric strength. Data on 40 samples 
of askarel tested with the high-speed- 
circuit opening device showed the aver- | 
age breakdown of the fifth test to be 
slightly higher than the average break- 
down of the first test. 

The section is continuing work = 
those items which have not been con- 
cluded. From the projects which were 
finished it was possible to make revisions 
in the standard. These revisions have 
been approved as tentative and others 
will be made later. 
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APPENDIX III 


PROPOSED METHODS OF TEST FOR GAS CONTENT OF 
INSULATING OIL! 
These are proposed methods and are published as information only. | ; 


Comments are solicited and should be addressed to the American - 
Society for Testing Materials, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 


1. These methods of test are intended 
for determining the gas content of elec- 
trical insulating oils of low viscosities of 
the general order of 100 sec. Saybolt Uni- 
versal at 100 F., such as are used in 
capacitors and paper insulated lead- 
covered electric cables of the oil-filled 
type. The determination of gas content 
is desirable for any insulating oil of these 
properties intended for use in a degassed 
state. Two methods are covered: a 
routine method, and a referee method for 
use when a test of high accuracy is de- 
sired (see Explanatory Note). 


ROUTINE METHOD 
Nature of Test 


2. The routine method consists essen- 
tially of feeding the oil into an evacuated 
chamber in such a manner that the oil is 
thoroughly exposed to the vacuum, al- 
lowing free escape of any dissolved gas. 
From the volume of oil admitted to the 
chamber, the temperature, the pressure 
produced, and volume occupied by the 
released gas, the gas volume under 
standard conditions of pressure and 
temperature may be calculated as a 
percentage by volume of oil. 


Sampling 
3. (a) When convenient, the degassing 


1 These gropaced methods are under the jurisdiction of 
the A.S.T.M. Committee D-9 on Electrical Insulating 
Materials. Published as information, June, 1944 


chamber of the measuring equipment 
shall be connected directly to the con- 
tainer from which the oil is to be sam- 
pled. This is usually not convenient 
and is often impossible. The method of 
sampling described in Paragraph (0) 
is recommended as an alternate (Note). 


Note.—This sampling method has been in 
use by two laboratories for many years. 


(6) The sample container shown in 
Fig. 1 shall consist of a stainless steel 
cylinder 2} in. in inside diameter and 9} 
in. in length, closed at the bottom. An 
aluminum piston shall be inserted in the 
bore of the cylinder accurately machined 
for an easy sliding fit. Two nipples, 
diametrically opposed, shall be inserted 
at the extreme bottom of the cylinder. 
Each nipple shall have a screw plug at the 
end with a gasket for sealing. All con- 
nections to the measuring equipment 
from the sample container should be of 
glass or metal tubing. Butted joints 
connected by short sections of heavy- 
walled rubber tubing may be used pro- 
vided the tubing is thoroughly coated 
with suitable sealing compound. All 
samples shall be taken under slight oil 
pressure, with the following sequence of 
operations: Push the piston to the ex- 
treme bottom of the cylinder. Remove 
plugs from both nipples. Hold _ the 
cylinder so that the nipples point in 4 
vertical direction. By means of a rub- 
ber tube connection, force oil in through 
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the nipple in the lowest position and 
flush a few milliliters out the opposite 
nipple to remove any trapped air bub- 
bles. Then insert the plug in the outlet 
nipple and allow oil to push the piston 
up to fill the cylinder. Hold the pis- 
ton at the top of the cylinder with one 
hand and plug the inlet nipple. The 
aluminum piston “floats” on the oil 
as the level varies, due to tempera- 
ture changes or removal of test samples 
and prevents contamination by absorp- 


GASKET 


STAINLESS STEEL TUBES 
5/\6"0.0. x 0.242"10 


BRASS ROO 
V/2" x 10° 


STAINLESS STEEL 


CYLINDER 


™d | | THREADS 
| 


PRESS FIT 


ALUMINUM PISTON, 


— 


Notr.—The aluminum piston shall have a diametrical 
learance of 0.0005 to 0.0010 in. 


Fic. 1.—Apparatus for Sampling Oils for De- 
termination of Gas Content. 


tion and diffusion. The piston shall be 
accurately fitted to move down freely 
with decreasing oil level to prevent voids 
forming under the piston which would 
allow rapid absorption of air by the top 
oil. When drawing the test sample 
continuously from the cylinder, it is advis- 
able to weight the piston to insure main- 
tenance of contact with the oil. Wide 
Variations in the results are possible in 
two samples from the same source unless 
the greatest care is taken in the sampling 
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procedure. This phase of the test is so 
involved with the details of what consti- 


tutes correct practice that ability to 


procure consistent representative sam- 
ples depends, to a great extent, on wide 
experience. The chief precaution to 
insure procurement of representative 
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Mirror finish 
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Vacuum Tubing 
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Fic. 2.—Apparatus for Routine Determination | 


of Gas Content of Insulating Oil. 


samples involves a complete flushing of 


all piping and hose between the sample 
container and sample source, such as 
pothead, joint, cable, oil reservoir, etc., 
immediately preceding collection of the 
sample. All long pipe lines should be 
eliminated where possible. After taking 


the sample, it is very important to see 
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that the piston always remains in contact 
with the oil prior to and during with- 
drawal of the test specimen. 


Apparatus 


4. The apparatus, shown in Fig. 2, 
shall consist of the following: 

(a) Degassing Chamber.—Degassing 
chamber, A, made of heat-resistant glass? 
(with calibrated oil well at bottom), hav- 
ing fixed total space volume of about 175 
ml. The oil well shall have a maximum 
capacity of 50 ml. and shall be calibrated 
in 0 2 ml. divisions. 

(b) Stopcocks.—Glass stopcocks B, C, 
J, K, and L, which shall have large 
diameter barrels and a mirror finish to 
insure against leakage. Stopcock grease* 
shall be used on all stopcocks and ground- 
glass joints. 


(c) Pipette——Glass pipette or “‘atom- 
izer’’, D, placed to drop oil on side of de- 
gassing chamber. 

(d) Pressure Gage.—Pressure gage, E, 
of modified McLeod type marked for 
two scale factors, 50 to 1 and 20 to 1. 
This will provide ranges sufficient for 
most testing. Ifa higher pressure range 
is desired, a separate complete equip- 
ment using an absolute mercury manom- 
eter in place of the McLeod gage may 
be used. 

(e) Oil Traps.—Two oil traps, F; and 
(f) Thermometer, G. 

(g) Level.—Spirit level, 7, normal to 
vertical axes of mercury columns. 

(h) Mercury Well, I. 


Calibration of Apparatus 


5. Calibration and conditioning of the 
apparatus is often done by the manu- 
facturer. If this has not been done, or 
if a check is desired, the following pro- 
cedure may be used: 


*Pvrex class is satisfactorv for this purpose. 
+A stopcock grease equivalent to No. 15521A Vacuum 
Sealing Compound, Central Scientific Co., Chicago, Ill., 


has been found satisfactory for this purpose. ia 
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(a) Clean the glass assembly with a 
cleaning solution, wash with distilled 
water, and dry. Weigh the empty 
tester with slight film of grease on the 
stopcocks. Record weight in grams as 
W. Fill with distilled water and weigh. 
Record weight in grams as T. The dif- 
ference between W and T is the volume 
of the tester in milliliters. Correction 
for temperature of water may be made, 
but is an unnecessary refinement. 

(b) Empty and thoroughly dry equip- 
ment inoven. Pour the mercury for the 
McLeod gage into the mercury well, 
grease the stopcocks and ground-glass 
joints and assemble the apparatus. At- 
tach to the mounting board (with spirit 
level horizontal) and align with a plumb 
bob and line. 


Procedure 


6. (a) Sample and apparatus should 
be at room temperature (20 to 30 C.). 

(b) Evacuate the degassing chamber 
with stopcock B closed and stopcock C 
open. 


Note.—These stopcocks must be accurately 
ground and kept well greased to prevent leaks. 


(c) When the McLeod gage reading is 
reasonably constant and less than 0.1 
mm. (absolute pressure) close stopcock 
C for about 15 min. to test for any leaks. 
No observable pressure change should 
occur in this time. (Let vacuum pump 
run continuously to enhance seal of 
stopcock C.) 

(d) Flush oil slowly from sample 
through stopcocks B and C so as to 
thoroughly wash walls of glass tubing 
and to remove any trapped air bubbles 
in system above stopcock B. (About 
50 ml. of oil are commonly used for this 
flushing.) 

(e) Reevacuate the degassing cham- 
ber, close stopcock C and by careful 
manipulation of stopcock B feed oil 
from the sample container into the de- 
gassing chamber at a very slow rate so 
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that the oil falls in single drops from 
pipette D. This rate will generally aver- 
age 1 drop per second or less. The oil 
should show no appreciable tendency to 
bubble or foam after falling into the oil 
yellat the bottom of the degassing cham- 
er. If this occurs the rate of flow 
should be decreased. 

(f) When 25 ml. of oil have keen de- 
gassed, close stopcock B and read the 
McLeod gage andthermometer. In read- 
ing the gage the mercury level shall be 
adjusted by manipulation of stopcocks 
Jand K. 

(g) Empty the oil reservoir into the 
oil trap, and complete the evacuation 
the degassing chamber for the next 


of 
test. 
é 
| 


7. The gas content shall be calculated 
a8 follows: 


Calculation 


(273 +1) 


( = gas content (at 760 mm. of mer- 
cury and OC.) expressed as a 
percentage by volume of oil, 

V = known total fixed volume of ap- 
paratus in milliliters, 

¥;= volume of oil in milliliters, 

P, = initial pressure of gas in chamber, 
in millimeters of mercury, 

P; = final pressure of gas in chamber, in 
millimeters of mercury, 

! = temperature of chamber, in de- 
grees Centigrade. (The room 
temperature shall be read from 
thermometer, G.) 


where: 


REFEREE METHOD 
Nature of Test 
8. The referee method consists essen- 


tilly of feeding the oil into an evacuated 
camber in such a manner that the oil 
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is thoroughly exposed to the vacuum, 
allowing free escape of any dissolved gas. 
From the volume of oil admitted to the 
chamber, the temperature, the pressure 
produced, and the volume occupied by 
the released gas, the gas volume under 
standard conditions of pressure and 
temperature may be calculated as a 
percentage by volume of oil. 


Sampling 


9. The oil shall be sampled as de- 
scribed in Section 3. 


Apparatus 


10. The apparatus, shown in Fig. 3, 
shall consist of the following: 

(a) Degassing Chamber.—Degassing 
chamber, A, made of heat-resistant glass? 
(with calibrated oil well at bottom), 
having fixed total space volume of about 
175 ml. The oil well shall have a maxi- 
mum capacity of 50 ml. and shall be 
calibrated in 0.2-ml. divisions. 

(6) Stopcocks.—Glass stopcocks, B, C, 
L, M, N, which shall have large di- 
ameter barrels and a mirror finish to 
insure against leakage. Stopcock grease* 
shall be used on all stopcocks and ground- 
glass joints. 

(c) Pipette—Glass pipette or “atom- 
izer,” D, placed to drop oil on side of 
degassing chamber. 

(d) Pressure Gage.—Pressure gage, E, 
of modified McLeod type marked fof 
two scale factors, 50 to 1 and 20 to 1. 
This will provide ranges sufficient for 
most testing. Ifa higher pressure range 
is desired, a separate complete equip- 
ment using an absolute mercury manom- 
eter in place of the McLeod gage may be 
used for the high pressures. 

(e) Oil Traps —Two oil traps, F; and 


2. 

(f) Thermometcr, T. 

(g) Level.—Spirit level, H, normal to 
the vertical axes of mercury columns. 

(hk) Mercury Well, I. 

(i) Cold Trap, J. 
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(7) Oven.—An oven, K, enclosing the 
degassing chamber, A, provided with 
suitable means for reading, maintaining, 
and regulating temperature in a range 
from 30 to 150 C. Temperature shall 
be measured by means of a thermo- 
couple fastened to the oil chamber at the 


| (0) ‘ 
/5 mm 
4 orifice | 
{/) Capillaries of 
same diameter 
£ 
E Thermocouple S 
X ot 25 ml mark 
Heater Wires 
4 


_—Vacuum Tubing 
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finish stopcocks, only 


(a) Clean the glass assembly with a 
cleaning solution, wash with distilled 
water, and dry. Weigh the empty 
tester, with a slight film of grease on the 
stopcocks, and record the weight in grams 
as W. Fill with distilled water, weigh, and 
record the weight in gramsas JT. The 


Jo Vacuum Pump» 


Fic. 3.—Apparatus for Referee Determination of Gas Content of Insulating Oil. 


25-ml. mark and suitably shielded to 
eliminate radiation errors. 


Calibration of Apparatus 


11. Calibration and conditioning of 
the apparatus is often done by the manu- 
facturer. If this has not been done, or 
if a check is desired, the following pro- 
cedure may be used: 


Material- Pyrex Glass 


difference between W and T is the vol- 
ume of the tester in milliliters. Cor- 
rection for temperature of water may be 
made, but is an unnecessary refinement. 

(6) Empty and thoroughly dry the 
equipment in an oven. Pour the mer- 
cury for the McLeod gage into the mer- 
cury well, grease the stopcocks and 
groundglass joints and assemble the 
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Attach--to..the mounting 


apparatus. .. 
board (with spirit level-horizontal) and 
align with 4 plamb bob-and line. 

(c) Calculate‘as closely as possible the 
separate volumes of the degassing cham- 
ber, Va, enclosed in the oven, and the 
section of the cold trap, V,, enclosed i in 


the vacuum flask. naa 
iy}, 


12. (a) Regulate the temperature of 
the oven to 50 C. and make certain that 
jt remains constant within plus or minus 
2 C. for at least 30 min. 

(b) Fill the vacuum flask surrounding 
the cold trap, J, with either liquid air or 
carbon dioxide snow, or equivalent. 

(c) The sample and apparatus shall be 
at room temperature (20 to 30 C.) with 
the exception of the parts mentioned 
under Paragraphs (a) and (0). 

(d) Evacuate the degassing chamber 
with stopcock B closed and stopcock C 
open. 


Procedure 


NotEe.—These stopcocks must be accurately 
ground and kept well greased to prevent leaks. 


(e) When the McLeod gage reading is 
reasonably constant and less than 0.1 
mm. (absolute pressure), close stopcock 
C for about 15 min. to test for any leaks. 
No observable pressure change should 
occur in this time. (Let vacuum pump 
run continuously to enhance seal of stop- 
cock C). 

(f) Flush oil slowly from the sample 
through stopcocks B and C so as to 
wash thoroughly the walls of the glass 
tubing and to remove any trapped air 
bubbles in system above stopcock B. 
(About 50 ml. of oil are commonly used 
for this flushing). 

(g) Reevacuate the degassing cham- 
ber, close stopcock C, and by careful 
manipulation of stopcock B feed oil 
from the sample container into the de- 
gassing chamber at a very slow rate so” 
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that the ‘oil falls in single drops from 
pipette D. This rate will generally 


‘ average one drop per second or less. 


The oil should show no appreciable tend- 
ency to bubble or foam after falling into 
the oil well at the bottom of the degas- 
sing chamber. If this occurs, the rate of 
flow should be decreased. 

(4) When 25 ml. of oil have been de- 
gassed, close stopcock B and read the 
McLeod gage, the temperature of the 
room and of the degassing chamber. 
The temperature of the cold trap ¢% 
will be known and will depend, of course, 
upon the coolant used. 
of liquid air is —194 C., and of carbon 
dioxide snow —78 C.). In reading the 
McLeod gage the mercury level shall be 
adjusted by manipulation of stopcocks 
Land M. 

(1) Empty the oil reservoir into the oil 
trap, and complete the evacuation of the 
degassing chamber for the next test. 


Calculation 
13. The gas content shall be calculated 
as follows: 
G = 39 (V — Va — Vi) (P2 — 
Vi 273 + te 


(Va — Vi)P2 — 
273 + ta 


273 + t 
where: 


G = gas content (at 760 mm. of mer- . 
cury and O C.) expressed as a © 


percentage by volume of oil, 

V = known total fixed volume of appa- 
ratus in milliliters, 

V; = volume of oil in milliliters, 

V.= volume of degassing chamber in 
milliliters, 

V,. = volume of cold trap in milliliters, 


P, = initial pressure of gas in chamber — 


in millimeters of mercury, 
P, = final pressure of gas in chamber in 
millimeters of mercury, 


= ambient temperature in degrees 
Centigrade read on thermome- 


eter, 7. 


— 


(Temperature 


* 


= 


temperature of degassing chamber 
A in degrees Centigrade, and 


a 


temperature of cold trap in de- 
grees Centigrade. 
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Note.—The calculation may appear to be 
tedious, but when the fixed volumes ahd tem. 
peratures are substituted in the formula, it wil] 
be found that it can be simplified considerably, 
Simplification will also be aided if P, can be 


EXPLANATORY NOTE 


Notr.— There are several pessible sources of 
error in the routine method but due to the con- 
venierice in making the test by this procedure, 
and the simplicity and portability of the test 
equi»ment this method is considered satisfactory 
for routine tests. The possible errors due to 
accuracy of readings are relatively small for 
nor.nal ranges of gas content. 

Consider the case of an oil with 0.10 per 
cent gas. For normal procedure, values of 
initial pressure and end point would be 0.100 
and 0.255 mm. of mercury, respectively. This 
pressure increase would be developed by 25 ml. 
of oil tested at 25 C. (in a degassing chamber of 
total fixed space volume of approximately 
175 m!.). 

Pressures can be read to plus or minus 
0.004 mm. of mercury. (This is equivalent to 
readinz the mercury columns of the gage to 
plus or minus 0.20 mm. assuming a 50 to 1 
scale factor of the gage). Oil volume can be 
read to plus or minus 0.05 ml. 

Assuming errors in pressure and volume 
readings adding to give maximum deviation, 
the resultant error would be plus or minus 
0.0067 in 0.10 per cent, equivalent to a per- 
centage error of 6.7 per cent for gas contents of 
this low order. 

The above analysis also applies to the referee 
method. The only difference would be due to 
the different temperatures used and the correc- 
tion would be negligible. 

Attention, however, is called to the following 


low readings of gas content. 


made low enough to be negligible. 


possible errors present in this apparatus: It 
is well known that the McLeod gage gives correct 
pressure readings only for pure gases. If 
vapor is present, the gage will give entirely 
erroneous readings, due to the high-pressure 
ratios present between the two columns of 
mercury, and consequent condensation of vapor 
in the high-pressure side. This would cause the 
pressure reading to be low with a resultant low 
gas content determination. 

In the referee method this possibility of 
error is eliminated by the use of a cold trap to 
freeze out any such vapors which may he re- 
moved from the oil. This also allows the use 
of a higher temperature in the degassing cham- 
ber, thereby lowering the viscosity of the oil 
under test and increasing the ease of removal of 
gas. 

Attention should also be called to the possi- 
bility of gas leakage through any rubber tubinz 
which may be present in the sample supply line. 
This may occur in spite of positive oil pressure 
being maintained in this line, causing, of course, 
higher gas content of the sample. 

Also. unless sampling is done with extreme 
care by an experienced operator, an increase 
in the gas content of the sample may very easily 
occur, causing a high reading of gas content. 
Tests have also shown that all of the gas may 
not be entirely removed from the oil at room 
temperature. This error may amount to as 
much as 50 per cent, and, of course, results in 
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Sectional Committee C59 on Elec- 
trical Insulating Materials held one 
meeting during the year: in Philadelphia, 
Pa., on February 21, 1944. 

At the February meeting, the present 
officers of the committee were re-elected 
for the ensuing term of two years. 

The following standards, submitted 
to the American Standards Association 
on the recommendation of Sectional 
Committee C59, were approved as 
American Standard during the year: 


A.S.T.M. Standard Methods of: 


Testing Molded Materials Used for Electrical 
Insulation (A.S.T.M. D 48 - 43 T; ASA 
C59.1—1944), 

Testing Electrical Insulating Oils (D 117 - 43; 
C59.2—1944), 

Test for Impact Resistance of Plastics and 
Electrical Insulating Materials (D 256 - 43 T; 
C59.11—1944), 

Testing Sheet and Plate Materials Used in 
Electrical Insulation (D 229 - 43; C59.13— 
1943), 

Testing Laminated Tubes Used in Electrical 
Insulation (D 348 -— 42; C59.14—1943), 

Testing Laminated Round Rods Used in Elec- 
trical Insulation (D 349 — 42; C59.15—1943), 

Testing Shellac Used for Electrical Insulation 
(D 411 - 42; C59.18—1944), 


NEMA Standards: 


Laminated Phenolic Products Standards 
(NEMA 39 - 57; ASA C59.16—1944), and 
Recommended Practice for Machining and 
Punching of Laminated Phenolic Plate 

(NEMA 39 - 58; C59.17—1944). 


In accordance with action taken at the 
February meeting, a ballot is now being 
conducted in the sectional committee on 
the proposed submittal of the A.S.T.M. 


ON 


_ ELECTRICAL INSULATING MATERIALS 


Tentative Method of Test for Oil 
Content of Paraffin Wax (D 721 - 43 T) 
to the ASA for approval as American 
Standard in view of the extensive use 
of paraffin wax as electrical insulating 
material. This question is also under 
consideration in Sectional Committee 


Z11 on Petroleum Products and 
Lubricants, 


The sectional committee received ad- 
vice during the year that the War 
Committee on Radio—formed under 
the war standards procedure of the 
ASA at the request of the War Produc- 
tion Board to set up war standards for 
components for military radio to help 
speed production of radio equipment for 
the Army and Navy, make replacements 
of parts easier, and conserve materials— 
is to be terminated, the work to be taken 
over by a joint Army-Navy group. 
At the time this project was initiated, 
the Armed Forces could not spare the 
personnel required to handle such a 
program. Since then, conditions have 
changed and the Army-Navy Elec- 
tronics Standards Agency (ANESA) was 
established recently to take over this 
work. Fourteen standards developed 
by the War Committee on Radio had 
already been approved, of which the 
following are of interest to Sectional 
Committee C59: 


Ceramic Radio Insulating Materials, Class 
L - C75.1—1943, 

Steatite Radio Insulators - C75.2—1943, 

Ceramic Radio Dielectric Materials, Class H - 


C75.4—1943, 


will 
ably. + at «ff 
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On ELECTRICAL INSULATING MATERIALS 


Glass-Bonded Mica Radio Insulators — C75.6— 
1943, 

Glass Radio Insulators — C75.8-1943, and 

Porcelain Radio Insulators — C75.14— 1944. 


To avoid any substantial loss of effort 
already expended, those subjects which 
are nearly completed will be concluded 
under the war procedure of the ASA, and 
the remaining specifications will be 
handled exclusively by ANESA. In 
completing the work, ANESA will 
utilize the current ASA drafts of the 
specifications which they have started 


to develop. The existing ASA task 
groups which have been developing the 
standards will be disbanded, as ANESA 
will seek the cooperation of industry by 
other means. © 


Respectfully submitted on behalf of 
the sectional committee, 
H. L. Curtis, 
Chairman. 
R. E. Hess, 
Secretary. 
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REPORT OF COMMITTEE D-11 
ON 


RUBBER PRODUCTS 


Committee D-11 on Rubber Products 
held one meeting during the year, in 
Cincinnati, Ohio, on March 3, 1944, in 
connection with the spring group meet- 
ings of A.S.T.M. committees. On 
March 2, 1944, the committee sponsored 
the technical program for the 1944 
Spring Meeting of the Society in Cin- 
cinnati, consisting of an important sym- 
posium on “The Applications of Syn- 
thetic Rubbers.” The thirteen papers, 
presented in two sessions, were of great 
value in providing technical information 
concerning the development of synthetic 
rubber, and their properties and applica- 
bility to products formerly made from 
natural rubber. This symposium was 
especially timely in view of the large 
scale conversion from natural rubber to 
synthetic necessitated by the war con- 
ditions. 

At the March meeting, the committee 
accepted with regret the resignation of its 
chairman, J. H. Ingmanson, who was 
obliged to relinquish his office as chair- 
man because of added duties and respon- 
sibilities incident to his becoming Vice- 
President of the Whitney-Blake Co., an 
important producer of insulated wire and 
cable. ‘The committee has since been 
acting under the leadership of its Vice- 
chairman, Simon Collier, who was 
unanimously chosen Acting Chairman. 

Subsequent to the 1943 Annual Meet- 
ing, Committee D-11 presented to the 
~ ‘eee on Synthetic Rubbers, Am. Soc. Testing 


Mats. (1944). (Symposium issued as separate publica- 
tion, March, 1944.) 
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Society through Committee E-10 on 
Standards the following recommenda- 
tions: 
New Tentative Methods of: ; 


Calibrating a Light Source Used for Accelerat- 
ing the Deterioration of Rubber (D 749- 
43 T), and 


Test for Resistance to Accelerated Light Aging 
of Rubber Compounds (D 750-43 T). 


Revision of Tentative Methods of: 

Chemical Analysis of Rubber Products (D 297 - 
43 T), 

Test for Changes in Properties of Rubber and 


Rubber-Like Materials in Liquids (D 471 - 
43 T), 

Testing Asphalt Composition Battery Contain- 
ers (D 639-43 T), and 

Testing Compressed Asbestos Sheet Packing 
(D 733 - 43 T). 


Methods D 749 and D 750 were pub- 
lished as proposed methods in 1940 and 
have since found use in a number of labo- 
ratories and in some specifications. In 
presenting them for publication as tenta- 
tive, the committee made extensive revi- 
sions based on the experienced gained. 
The revision in Methods D 297 consists 
of the addition of the procedure for the 
direct determination of rubber hydro- 
carbon by the chromic acid oxidation 
method described by Burger, Donaldson, 
and Baty.2 The revision in Method 
1) 471 covers the addition of three 
standard oils for use when testing the 


2V. L. Burger, W. E. Donaldson, and J. A. Baty, “A 
Direct Determination of Rubber Hydrocarbon Chromic 
Acid Oxidation Method,’’ ASTM Butietin, No. 120, 


January, 1943, p. 23. | 
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material is 


action of petroleum base lubricating oils 
on rubber. In Methods D 639, a num- 
ber of details in the test procedures were 
— and the procedures for determin- 


ing manganese were corrected to make 


them more exact. Although Methods 
D 733 had been published only a few 
‘months, new work indicated that this 
affected by change in 
humidity and it became necessary to 
include a definite conditioning procedure 
prior to test. All of these recommenda- 


- tions were accepted* by Committee E-10 
- on November 20, 1943, and the new 


and revised tentative standards appear 
in the 1943 Supplement to Book of 
-A.S.T.M. Standards, Part IIT. 

On December 27, 1943, Committee 


_ E-10 accepted*® the recommendation of 


Committee D-11 that the following 


specifications and methods of test be 
issued as tentative: 


Tentative Specifications for: 


_Chloroprene Sheath Compound for Electrical 

Insulated Cords and Cables (D 752-43 T) 

[formerly issued as Emergency Standard 

ES - 28], 

_ Chloroprene Sheath Compound for Electrical 

Insulated Cords and Cables Where Extreme 
Abrasion Resistance is Not Required (D 753 
~- 43 T) [formerly issued as Emergency Stand- 
ard ES - 30], 

Insulated Wire and Cable: Heat-Resisting 
Synthetic Rubber Compound (D 754 - 43 T), 
{formerly issued as Emergency Standard 
ES - 33}, 

Insulated Wire and Cable: Performance Syn- 

thetic Rubber Compound (D 755-43 T) 
{formerly issued as Emergency Standard 
ES - 34| and 

New Tentative Methods of Testing Rubber- 
Coated Fabrics (D 751 - 43 T). 


; 3 In submitting these recommendations to Committee 
E-10 on Standards, Committee D-11 reported the following 
results of the letter ballot vote from a committee member- 
ship of 123: D 749, afhrmative 38, negative 0, ballots mark 
ed “not voting’ 29; D750, affirmative 42, negative 0, 

ballots marsed ‘“‘not voting’ 25; D 297, affirmative 45, 
negative 0, ballots marked “‘not voting” 22; D 471, affirma- 
tive 48, negative 0, ballots marked ‘“‘not voting’ 19; 

D639, affirmative 25, negative 1, ballots marked ‘“‘not 
voting’ 41; D733, affirmative 34, negative 0, ballots 

marxed “‘not voting’ 33; D 752 and D753, aftirmative 31 

- negative 1, ballots marked “‘not voting’’ 36; D754 and 
D755, affirmative 32, negative 1, ballots marked ‘“‘not 

voting” 35; D751, affirmative 38, negative 1, ballots 


marked ‘‘not voting”’ 29. 
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These new tentative standards appear 
in the 1943 Supplement to Book of 
A.S.T.M. Standards, Part ITI. 

The Methods of Testing Rubker- 
Coated Fabrics represent the first result 
of the efforts of the committee to stand- 
ardize testing in this field. It is expected 
that these methods will form a nucleus 
to which other procedures will be added 
when agreement is reached. The insu- 
lated wire specifications were originally 
published as emergency specifications, 
made necessary by the Limitation Order 
issued by the War Production Board that 
synthetic rubber be used in place of 
natural rubber. The two specifications 
for insulation compounds cover the use 
of GR-S rubber and the sheath com- 
pounds are made from GR-M (chloro- 
prene) and had also previously been 
issued as emergency standards. 


EMERGENCY ALTERNATE PROVISIONS 
AND EMERGENCY SPECIFICATIONS! 


No new emergency specifications w dre 
recommended during the year but fe- 
visions in the Emergency Specifications 
for Rubber Sheath Compound for Elec- 
trical Insulated Cords and Cables where 
extreme Abrasion Resistance is Not 
Required (ES—6) were accepted by 
Committee E-10 on November 17, 1943. 
These specifications originally provided 
for the use of rubber in jacket com- 
pounds in conformity with War Produc- 
tion Board requirements but they did not 
cover the use of GR-S rubber. With 
the elimination of permission to use other 
rubber and the requirement that this 
material be made from GR-S, it became 
necessary to rewrite the emergency 
specifications. The revised specifica- 
tions, entitled Emergency Specifications 
for GR-S Synthetic Rubber Sheath Com- 
pound for Electrical Insulated Cords 
and Cables, with a minor change in the 
requirement for minimum elongation 
at rupture became applicable to the per- 
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mitted use as jackets. They have been 
issued under the designation ES —6a 
and appear in the 1943 Supplement to 
Book of A.S.T.M. Standards, Part ITI. 

Revisions were accepted on July 20, 
1943, by Committee E-10 of the Emer- 
gency Alternate Provisions in the Stand- 
ard Specifications for Friction Tape for 
General Use for Electrical Purposes 
(EA-D 69). This change removed the 
requirement limiting the amount of 
rubber hydrocarbon permitted in the 
tape. Also on November 27, 1943, 
Committee E-10 accepted a change in 
the Emergency Alternate Provisions in 
the Tentative Specifications for Insulated 
Wire and Cable: Ozone-Resistant Type 
Insulation (EA — D 574) whereby the in- 
sulation resistance constant was changed 
from 5280 to 1099. This change was 
necessary in order to permit the use of 
synthetic rubber under these specifica- 
tions. Revised Emergency Provisions 
EA - D 69a and EA - D 574a have been 
issued in the form of stickers for attach- 
ment to the specifications to which 
they apply. 


I. New TENTATIVE STANDARDS 


Tentative Method of Test for Young’s 
Modulus in Flexure of Natural and Syn- 
thetic Elastomers at Normal and Subnor- 
mal Temperatures.A—This method was 
developed by Subcommittee XXV on 
Low-Temperature Test for Rubber and 
Rubber-Like Materials for use in evalu- 
ating the low-temperature properties of 
vulcanized rubber and synthetic elasto- 
mers. Young’s modulus in bending is 
determined at low temperatures and used 
as a measure of the cold-stiffening char- 
acteristics of the material. Provision 
is made in the method for measuring the 
stiffening effect produced either by 
crysta!lization or by second order transi- 
tion (vitrification) whichever is involved 


‘ This method was accepted as tentative by the Society 
appears in the 1944 Book of A.S.T.M. Standards, 


Fart ILI, p. 1802. 


in the material being tested. When the 
Tentative Method of Test for Low- 
Temperature Brittleness of Rubber and 
Rubber-Like Material (D 736-34 T) 
was developed last year the importance 
of low-temperature testing in connection 
with aircraft and cold-climate applica- 
tions of rubber products was discussed. 
The inadequacy of the brittleness test 
was mentioned at that time and indica- 
tion given that work would continue 
along these lines. The proposed method 
is recommended for publication as ten- 
tative as a continuance of this program 
and is intended to supplement rather 
than to replace the brittleness test 
Method D 736. 

Tentative Specifications for Cellular 
Rubber Products.,—These specifications 
were developed by a special committee 
organized under the auspices of the Ord- 
nance Department, U. S. Army, which 
included many of the members of Sub- 
committee XXII on Sponge Rubber 
Products. When the special committee 
had completed its work, the specifications 
were considered by the subcommittee 
looking toward their publication as an 
A.S.T.M. tentative standard in line with 
the work in progress in thesubcommittee. 
It is now felt that the specifications are 


as satisfactory as can be prepared at — 


thistime. It isexpected that they will 
be approved on a tentative basis by the 
Ordnance Department and in the inter- 
est of standardization they are recom- 
mended for publication as an A.S.T.M. 
tentative standard. It will be noted 
that these specifications follow the gen- 
eral form established by the Tentative 
Specifications for Rubber and Synthetic 
Rubber Compounds for Automotive and 
Aeronautical Applications (D 735-43 T). 


II. REVISION OF TENTATIVE STANDARDS 
The committee recommends that the 
following tentative standards be revised 


§ These specifications were accepted as tentative by the 
Society and appear in the 1944 Book of A.S.T.M. Stand- 


ards, Part III, p. 1886. 
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as indicated below and continued as 
tentative: 


Tentative Methods of Testing Sponge 
Rubber Products (D552 -—43T).°—In 
connection with the large amount of work 
which has been done on specifications 
and methods of test for cellular rubber 
products during the past year, the com- 
mittee finds that it is advisable to change 
the title of the present tentative methods 
by substituting the word “Cellular” for 
“Sponge”’ since this better describes the 
scope covered by the methods. Experi- 
ence with these methods has indicated 
also that the procedure now given for 
measuring tensile strength and elonga- 
tion should be omitted as these tests are 
of little value since these methods are not 
very satisfactory for evaluating this type 
of material. On the other hand, addi- 
tional procedures covering low-tempera- 
ture testing, measurement of water ab- 
sorption, evaluation of compression-set 
characteristics, and measurement of the 
effect of oil have been added as these 
tests are of considerable importance in 
many of the applications of cellular rub- 
bers. ‘The revised tentative methods are 
appended hereto.’ 

Tentative Methods of Testing Automo- 
live Hydraulic Brake Hose (D571 - 
40T).*—The following changes have 
been agreed upon by the Section on Hose 
of Technical Committee A and Subcom- 
mittee Ion Mechanical Rubber Hose and 
are considered desirable improvements in 
the present tentative methods: 

New Section 4.—Add a new Section 4 
on measurements of hose, to read as fol- 
lows, renumbering the subsequent sec- 
tions accordingly: 

4. Measurements of Hose.—(a) Constriction of 
the bore after assembly of the hose and fittings 
shall be measured with a gage plug as shown in 
the accompanying Fig. 1 with dimension “A” 
as prescribed in the detailed specifications for 

"61943 Supplement to Book of A.S.T.M. Standards, 
Part 

These methods were accepted as tentative by the 
Sox lety and appear in the 1944 Book of A.S.T.M. Stand- 


ards, Part 
81942 Book of A.S.T.M. Standards, Part 
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the hose. The gage plug shall weigh 2 + 0.1 oz. 
The hose assembly shall be held in vertical 
position and the “A” diameter portion inserted 
into the end of the fitting. The gage shall be 
permitted to drop, of its own weight, a distance 
of 3 in. into the hose assembly. The time re- 
quired to drop 3 in. shall not exceed 5 sec. 

(b) Length of hose assembly shall be measured 
with the assembly in a vertical position with a 
weight of 1.25 lb. + 0.1 oz. attached to one end. 
A vernier caliper scale or equivalent shall be 
used and the length reported in inches and thou- 
sandths of an inch. 

Section 4.—Renumber as Section 5 and 
add the following sentence: ‘The free 
length shall be the length between the 
fittings measured as described in Section 
4 (b).” 

Section 13.—Renumber as Section 14, 
omit the word “then” from the third sen- 
tence, and change the first two sentences 
from their present form: namely, 


"A" diam. 


Gage plug shall weigh 2+ 0.10z. Dimension ‘‘A” of 
the gage plug shall be as prescribed in the specifications 
for the hose. 


Fic. 1.—Gage Plug for Testing Constriction of 
Bore of Hose. 


The adjustable header at the fixed end of the 
apparatus shall be so placed, with the addition 
of washers on the hose assembly where neces- 
sary, that the distance between the outside of 
the hexagon on the male end and the outside of 
the washer on the female end is 1} in. + @ in. 
less than the straight length of each individual 
assembly. This approximate distance for each 
assembly shall be measured on a straight per- 
pendicular line between the fixed and _ the 
rotating heads when both are in the same hori- 
zontal plane. 


to read as follows: 

The nonrotating header shall be equipped to 
permit attachment of each hose assembly with 
individual adjustment for length. When 
mounted in the whip test machine the projected 
length of the hose assembly shall be 1.750 + 
0.015 in. less than the straight length. The 
whip test results are very sensitive to errors in 
setting this length and measurements shall be 
taken carefully and the reduction from straight 
length to projected length on the machine shall 
be within the limits specified. The projected 
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length shall be taken parallel to the axis of the 
rotating head. 


Tentative Methods of Testing Automo- 
live Air Brake and Vacuum Brake Hose 
(D 622 — 41 T)*—The following revisions 
have been developed in the same way as 
the preceding ones on hydraulic brake 
hose and are very desirable improve- 
ments in the methods: 

New Section 8.—Add a new Section 8 
on cold test to read as follows, renumber- 
ing the subsequent sections accordingly: 

8. Cold Test.—The hose shall be conditioned 
in a cold box in straight position at —40 F. 
for 72 hr. After conditioning and without re- 
moval from the cold box, the hose shall be bent 
around a mandrel having a diameter ten times 


the outside diameter of the hose, and shall not 
break nor crack. 


Section 9.—Renumber as Section 10, 
omit the words “gasoline immersion” 
from the title of the section, and change 
the first sentence to read as follows: 

The swelling test on air brake hose shall be 
conducted in accordance with Section 23 of the 
Tentative Methods of Testing Rubber Hose 
(A.S.T.M. Designation: D 380), except that 


A.S.T.M. precipitation naphtha* shall be used 
as the immersion media. 


In the second sentence add the words 
“and cover” after the word “‘tube.” 

Section 11.—Renumber as Section 12 
and change ‘‘29 in.” to read ‘‘26 in.” of 
mercury. 

Section 13.—Renumber as Section 14 
and change the title from ‘‘gasoline im- 
mersion test”’ to read “‘swelling test.” 

In the third and fourth sentences in 
Paragraph (a) change “‘gasoline”’ to read 
“naphtha,” and change the first sen- 
tence to read as follows: 

A specimen of vacuum brake hose 12 in. in 
length shall be filled with A.S.T.M. precipitation 


naphtha* enclosed by means of suitable cork 
stoppers to prevent loss by evaporation or 


. Requirements for this precipitation naphtha 
are given in Section 4 of the Standard Method 
of Test for Precipitation Number of Lubricating 
Oils (A.S.T.M. Designation: D 91). 
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Change the first sentence of Paragraph © 
(b) to read as follows: “A steel ball of 
specified diameter shall be dropped 
through the specimen.” Also delete 
Table IV. 

In Paragraph (c) change ‘29 in.” to 
read “26 in.” of mercury. : 

Tentative Method of Test for Indenta- 
tion of Rubber by Means of the Durometer 
(D 676 42T):. 


Section 4 (c).—-Change from its present _ 


form: namely, 
(c) Time of Reading.—The durometer indenta- 
tion reading shall be taken as soon as the indi- ; 


cating hand of the dial comes to rest or, if this 
is not possible, at the moment when a definite 
change in needle speed is noted. 


to read as follows: 


(c) Time of Reading —The durometer inden- 
tation reading shall be taken exactly 15 sec. 
after the pressure plate has made contact with | 
the test specimen. 


Tentative Specifications for Chloroprene 
Sheath Compound for Electrical Insulated 
Cords and Cables (D752-—43T) and 
(D 753 — 43 T).°—In Section 1 on Scope 
of both of these specifications add “GR- 
M” after the word “‘chloroprene,” and 
add the following phrase at the end of the 
sentence: “at temperatures not lower 
than —25(C.”’ These changes are con- 
sidered necessary in order to specify the 
kind of chloroprene permitted and to 
limit the use of the compounds to tem- 
perature ranges where they remain— 
flexible. 

Tentative Specifications for Insulated 
Wire and Cable: Performance Synthetic 
Rubber Compound (D755 — 43 

Section 2.--Change Note 2 from its 
present form: namely, 

Nore 2.—Where this compound is to be used 
as the insulation of the individual conductor — 
of a jacketed cable and subjected to a second 


vulcanization, the physical properties of the | 
insulation after the second vulcanization shall 


be not less than the following: 


% This method was further revised subs sequent to the 
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Initial tensile strength, min. psi 

Elongation at rupture, min., per cent 

Tensile strength after 48 hr. in oxygen pres- 
sure test, min., psi 


to read as follows: 


Note 2.—When the ew has been sub- 
jected to a second vulcanization, such as occurs 
when it is used as the insulation of single conduc- 
tors under vulcanized jackets, the physical prop- 
erties shall be not less than the following: 
Initial tensile strength, min., psi 
Elongition at rupture, min., per cent.... 
Tensile strength after 48 hr. in oxygen 

pressure test, min., psi 


III. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
Tentative Methods of Test for Resist- 
ance to Light Checking and Cracking of 
Rubber Compounds (D 518 — 38 T)* and 
for Tear Resistance of Vulcanized Rub- 
ber (D 624 — 41 T)* be approved for ref- 
erence to letter ballot of the Society for 
adoption as standard without revision. 
Both of these methods have stood with- 
out revision for several years and are be- 
lieved to be in quite general use. Since 
no comments or criiicisms have been 
received, it is believed that they should 
be adopted as standard. 

The committee also recommends that 
the Tentative Methods of Sampling and 
Testing Rubber Latex (D 640-41 T) 
be approved for reference to letter ballot 
of the Society for adoption as standard 
with the following revisions: 

Title-—Change to read as follows: 
“Methods of Sampling and Testing 
Latices of Natural Rubber and Syn- 
thetic Rubbers.” 

Section 1.—Change to read as follows 
by the addition of the italicized words: 
“1. These methods are intended for use, 
as required, in sampling and measuring 
veriability in composition of normal and 
concentrated rubber latex and synthetic 
rubber latices.” 


IV. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE WITHOUT REVISION 


The committee recommends that all 
the tentative standards under its juris- 
diction not mentioned in this report be 
continued as tentative without revision. 
With very few exceptions, these tentative 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE 


Ballots 
Marked 
“Not 
Voting” 


|Nega- 
Items tive 


I. New TENTATIVE STANDARDS 


Test for Young’s Modulus in 
Flexure of Natural and Syn- 
thetic Elastomers at Normal 
and Subnormal Temperatures‘ 

Spec. for Ru Prod 
ucts. 


II. Revision or TENTATIVE 
STANDARDS 

Testing Sponge Rubber Product: 
(D 552 - 43 T) 

Brane Hose (D 571 - 40 T) 

Testing Automotive Air Brak« 
and Vacuum Brake Hose (1 
622 - 41 T) 

Test for Indentation of Rubbe: 
by Means of the Durometer (I 
676 - 42 T) 

Spec. for Chloroprene Sheat! 
Compound for Electrical Insu 
lated Coids and Cables (D 75. 
- 43 T) 

Spec for Chloroprene Sheat! 
Compound for Electrical Insu 
lated Cords and Cables Wher: 
Extreme Abrasion Resistanc: 
is Not Required (D 753 - 43 T 

Spec. for Insulated Wire an: 
Cable: Performance Syntheti 
Rubber Compound (D755 - 43T) 


Ill. Apoption oF TENTATIVI 
STANDARDS AS STANDARD 


Test for Resistance to Light 
Checaing and Cracking of Rub 
ber Compounds (D 518 - 38 T 66 

Test for Tear Resistance of Vul 
canized Rubber ‘1D 624-41 70 

Sampling and Testing Rubber 
Latex (D 640 - 41 T), 
revised. . 46 1 


* The classified vote on ‘option as tentative of the 
Tentative Methcd of Test for \oung’s Modulus in Flexure 
of Natural and Synthetic Llastcmers at Normal and 
Subnor mal ‘Tcmperatures was es follows: Affirmative: 24 
producers, 15 consumers, 15 general interests; negative: 
3 producers, 1 consumer, 3 general interests. 


standards, which have been in the tenta- 
tive status for two years or more, are at 
the present time actively under consid- 
eration. In those cases where revision 
is not already actually planned, adoption 
as standard at the present time is consid- 
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ered inadvisable because of war condi- 
tions and the changing status of the 
rubber supply with conversion to various 
synthetic rubbers. 

“The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 135 voting members; 98 members re- 
turned their ballots, with the results 
shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Technical Commiliee A on Automotive 
Rubber (W. J. McCortney, chairman).— 
During the past year, Technical Commit- 
tee A has undergone reorganization with 
resp2ct to both membership and methods 
of procedure. A new set of rules govern- 
ing the activities of this committee has 
been adopted and the committee is now 
on a regular schedule of bimonthly 
meetings. Two new permanent sections 
have been organized, one having juris- 
diction over questions of membership and 
rules governing procedure, the other an 
editorial section which will review all re- 
ports and publications and publicity 
material other than those with circula- 
tion restricted within the committee. 

Through its Section III on Hose, re- 
visions have been completed in the 
specifications and methods of test for air 
brake and vacuum brake hose (D 622 - 
41T). The revised specifications are 
being published by the Society of Auto- 
motive Engineers and the revisions in the 
test methods appear earlier in this 
report. This section is working on hy- 
draulic brake hose.and recommended the 
revisions in Methods D 571-40 T—as 
mentioned earlier in this report, but has 
hot yet reached agreement on the specifi- 

itions to be referred to the S.A.E. All 

{the proposed changes have been made 
necessary by the conversion from naturai 
tubber to synthetic. The section is still 
working on specifications for coolant 
nose and is now giving attention to the 
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use of synthetic rubber in this product. 
Work is also in progress on fuel and oil 
hose and on windshield wiper hose. All 
of these types of hose are important for 
applications on war equipment. 

Section IV on Classification and Speci- 
fications of Rubber Compounds, which 
prepared the Specifications for Rubber 
and Synthetic Rubber Compounds for 
Automotive and Aeronautical Applica- 
tions (D 735 — 43 T), has continued work 
in an effort to develop jointly with Com- 
mittee D-20 on Plastics, additional tables __ 
for these specifications to cover applica- 
tions of nonrigid plastic compounds 
which are often used interchangeably 
with the rubber or synthetic rubber ma- 
terials for the same purposes. It is 
hoped that such tables may be completed 
in the next few months and submitted as 
proposed revisions in the compound 
specifications. The section has also been 
carrying on considerable work on test 
methods now given in these specifications 
and has accumulated considerable data 
on oven aging and fluid aging tests. The 
section intends to add further require- 
ments and test methocs to the specifica- 
tions as needed and has reserved the 
following suffix letters for the tests 
indicated: 


G—Tear resistance, 
H—Flexing resistance, 
J—Abrasion resistance, 
L—Water absorption, 


M—lInflammabiity, 
N—Impact, and 
Z—Special tests of either laboratory or perform- 
ance types as agreed between the interested 
parties, 
It is not intended to add these suffix 
letters in the specificaticns until suitable 
test methods and proper limiting values — 
have been determined and the section is 
continuing its work to this end. 
As a result of the work of Section VI 
on Automotive V-Belis, the committee 
is now certain that synthetic rubbers can 
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be used satisfactorily in V-belts. Serv- 
ice tests are still in progress and results 
to date are satisfactory. A new uni- 
versal type of V-belt testing machine has 
been described to the section and has 
been built by one of its members. The 
possibility of standardizing all such test 
units is to be investigated. 

A new Section IX on Hydraulic Brake 
Cups has already completed specifica- 
tions on this product made from natural 
rubber which is still permitted in this ap- 
plication’ because of its functional impor- 
tance on military vehicles and work is in 
progress on the use of synthetic rubber in 
these cups. 

Another new Section X on Gasketing 
Material is actively at work on specifica- 
tions covering automotive gaskets. It 
is expected that this section will be in a 
position to submit these specification 
within the next few months. 

Subcommittee V on Insulated Wire and 
Cable (R. A. Schatzel, chairman).—This 
subcommittee has been very active and 
has a number of projects under way on 
the properties of the new synthetic in- 
sulating materials and better methods for 
testing them. Additional tentative spe- 
cifications are being prepared on syn- 
thetic jacket compounds, one to be made 
from GR-S with a lower tensile strength 
than at present required by Emergency 
Specifications ES — 6a and the other to 
be made from Buna-N which will have 
superior oil-resisting qualities. It is ex- 
pected that these specifications will be 
ready for presentation to the Society in 
the near future.!” 

Subcommittee XI on Chemical Analysis 
(S. Collier, chairman).—This subcom- 
mittee has been giving attention to meth- 
ods whereby the synthetic rubber in vul- 
canized compounds may be determined 

both as to identity and quantity. Con- 
siderable work on this subject has already 
been done in England and in committees 


” See Editorial Note, p. 468. 


sponsored by the Government. It seems 
probable that the subcommittee may be 
able in the near future to recommend 
suitable tentative methods for this pur- 
pose. 
Subcommittee X VII on Rubber Products 
for Absorbing Vibration (L. V. Cooper, 
chairman).—This subcommittee is in- 
vestigating the effect on compression set 
determinations of using molded test 
specimens instead of the cut specimens 
required in Section 5 of the Tentative 
Methods of Test for Compression Set of 
Vulcanized Rubber (D 395 —40T). 
Many laboratories prefer to mold these 
specimens but there is as yet no assurance 
that such a procedure will not affect the 
results obtained. The subcommittee is 
also investigating the effect of changing 
the height and diameter of the specimens. 
Another project under way is the revision 
of the Tentative Method of Test for In- 
dentation of Rubber by Means of the 
Durometer (D 676 — 42 T) to provide for 
testing at low temperatures. This may 
involve a somewhat comprehensive in- 
vestigation of the effect of various tem- 
peratures on the results of these tests. 
Subcommittee XIX on Test for Proper- 
ties of Rubber and Rubber-Like Materials 
on Liquids (J. A. Baty, chairman).— 
Continuing its work on standardizing the 
liquids used in immersion tests, this sub- 
committee has turned its attention to 
immersion media of the gasoline type 
after having recommended three stand- 
ard oils. A great deal of immersion 
testing in the past has been done in 
straight-run aviation grade gasoline or 
in A.S.T.M. precipitation naphtha. 
These fluids have not been too satisfac- 
tory in connection with synthetic rubbers 
for several reasons, one of which has been 
the recent tendency to introduce aroma- 
tic compounds into fuels used in service 
with a result that material which was 
satisfactory in test in the nonaromatic 
fuel failed in service due to the difference 
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in the nature of the liquid. Another 
factor which has given continual trouble 
has been the commercial variation in the 
petroleum base. It was felt therefore 
that better results would be obtained if 
standard immersion media were to be 
pure chemical compounds rather than 
commercial fuels. Such immersion me- 
dia have now been developed in two 
types, the first representing the “low- 
swelling’ gasolines and the other the 
“high-swelling” gasolines. For the first 
of these, diisobutylene with a small 
amount of an inhibitor has proven satis- 
factory. The high-swelling liquid con- 
sists of 60 per cent of the diisobutylene 
with the balance made up of definite per- 
centages of benzene, toluene, and xylene. 
The subcommittee has accumulated con- 
siderable data with these fluids and it is 
anticipated that recommendations for 
their adoption will be made in the near 
future. This subcommittee is also 
working on methods for gum extraction 
and diffusion in immersion tests and 
hopes soon to make definite recom- 
mendations as to methods of test. 
Subcommittee XXIII on Hard Rubber 
(W. H. Juve, chairman).—This subcom- 
mittee has completed a round-robin test 
program participated in by 11 labora- 
tories investigating the reproducibility 
of the tension and the elongation tests 
according to the procedure in the Tenta- 
tive Methods of Testing Hard Rubber 
Products (D 530 — 39 T)."° Two types of 
hard rubber compounds were tested, one 
having high and the other low elongation. 
Special precautions were taken to insure 
uniformity of samples and complete rec- 
ords were kept of all test details. ‘The 
results obtained were more uniform for 
both stocks than those which the sub- 
committee has secured in previous tests 
but there was some indication that varia- 
tions were introduced by different types 
of testing machines which gave different 
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rates of load application. Further in- 
vestigation of this is in progress. The 
committee is also working on refinement 
of other procedures in the standard meth- 
ods under its jurisdiction. 

Subcommitiee XXIV on Tests for 
Proofed Fabrics (A. ¥. Schildhauer, chair- 
man).—After preparing the Tentative 
Methods of Testing Rubber-Coated Fab- 
rics (D 751-43 T), the subcommittee 
concentrated on other test procedures 
which should be added to this tentative 
standard to make it more complete. 
Attention is being given to additional 
hydrostatic pressure tests and also to 
methods for measuring hydrogen perme- 
ability." 
consideration for scrub resistance, abra- 
sion resistance, and flexing life, all of 
which are important for the satisfactory 
evaluation of a coated fabric. When 
agreement is reached on any of these 


methods, it is expected that revisions — 


will be recommended in the 
tentative methods. 
Subcommittee XXV on Low-Tempera- 
ture Test for Rubber and Rubber-Like 
Materials (B. S. Garvey, chairman).— 
In addition to having completed the pro- 
posed Tentative Method of Test for 
Stiffening of Vulcanized Elastomers at 
Low Temperatures presented in this re- 
port, this subcommittee is giving atten- 
tion to a revision of the Tentative 
Method of Test for Brittleness of Non-_ 
rigid Plastics (D 746-43 T) developed 
by Committee D-—20 on Plastics so that 
it may be applicable to rubber and syn- 
thetic elastomers. For this purpose, a 
joint section has been organized in co- 
operation with Committee D-20 and 
agreement has been reached on the 
changes desired. ‘This revision is now 
out to letter ballot in 


present 


In addition, tests are under 


Subcommittee 
XXV and is expected to be presented 


to the Society by Committee D-20 with — 


the added endorsement of Committee 
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D-11. Neither of these two methods of 
low-temperature testing eliminates the 
need for the present Tentative Method 
D 736, the so-called ‘Thiokol’ test, 
which will be retained for the present. 
This subcommittee is very much inter- 
ested in the effect of low temperature on 
hardness tests and particularly on the use 
of the Shore durometer under these con- 
ditions. It has prepared recommenda- 
tions which are under consideration by 
Subcommittee XVII. The subcommit- 
tee is also convinced that there is need 
for a general presentation on the cold 
conditioning of specimens prior to the 
application of any specific test procedure. 
The pretreatments used in low-tempera- 
ture testing involve exposure of the speci- 
mens to a variety of different tempera- 
tures for varying times and under a 
number of other conditions. These varia- 
tions produce different effects and often 
profoundly influence the results obtained 
by the test procedure. 


REPORT OF COMMITTEE D-11 


Such a discus- 
sion of low-temperature conditioning is 


now in preparation and when completed 
will be recommended either for incorpora- 


ture methods or for publication as a 

parate tentative method on low-tem- 
perature conditioning of rubber and 
rubber-like materials. The subcommit- 
tee has investigated tests for low-tem- 
perature compression set and also for 
fatigue and flexing. The resu!ts with 


‘te in each of the present low-tempera- 


compression set were inconclusive and 


the committee felt that this type of low- 
temperature testing is not sufficiently 
needed to iustify the work necessary to 
develop a satisfactory procedure. Fa- 


tigue tests at low temperature are of 
little value because of hysteresis heat 
effects. When a specimen at low tem- 
perature is rapidly bent or defcrmed, 
internal heat develops and after a fey 
deformations the specimen is no longcr 
at the low temperature because of slcw 
conduction and radiation of the hystere- 
sis heat. The subcommittee has con- 
cluded that if such a test is needed at all, 
its use would be restricted to very 


special purposes. 


The election of off:cers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, Simon Ccllier. 

Vice-Chairman, Harry E. Outcault. 

Secretary, Arthur W. Carpenter. 

Members-at-Large of Advisory Sub- 

committee: 

W. H. Juve, Consultant. 

_A. R. Kemp, Bell Telephone Lako- 
ratories. 

T. A. Werkenthin, 
Bur. of Ships. 

_L. V. Cooper, Firestone. 


U. S. Navy, 


al 


This report has been submitted tc 
letter ballot of the committee, which con- 
sists of 135 members; 98 members re- 
turned their ballots, of whom 83 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 


the committee, 


COLLIER, 
Acting Chairman. 
ArTHUR W. CARPENTER, 
Secretary. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee D-11 presented to the So- 
ciety through Committee E-10 on Standards the following recommendations: 


_ Emergency Alternate Provisions in: 


Methods of Testing Rubber Insulated Wire and Cable (D 470 - 41), 
Specincations for Insulated Wire and Cable: Heat-Resisting Synthetic Rubber Compound (D 754-43T), 
a accaeaes for Insulated Wire and Cable: Performance Synthetic Rubber Compound (D 755 - 44 T), 
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Revision of the Emergency Alternate Provisions in 
Specifications for Insulated Wire and Cable: Ozone-Resistant Type Insulation (EA - D 574a). 


These recommendations were accepted by Committee E-10 on November 
13, 1944, and the new and revised emergency provisions appear in the 1944 
Book of A.S.T.M. Standards, Part III. 

On December 13, 1944, the Standards Committee accepted the following 
recommendations submitted by Committee D-11: 


Tentative Specifications for: 


y GR-S (Synthetic Rubber) Sheath Compound for Electrical Insulated Cords and Cables (D 812 - 44 T), 
Tentative Methods of Test for: 
Resistance of Vulcanized Rubber and Synthetic Elastomers to Crack Growth (D 813 - 44 T), “as 
Hydrogen Permeability of Coated Fabrics (D 815 - 44 T), . 
Permeability of Vulcanized Rubber or Synthetic Elastomers to Volatile Liquids (D 814 - 44 T), 
) Rubber Adhesives (D 816 - 44 T), nD iy 
4 Revision of Tentative Specifications for: 
Cellular Rubber Products (D 798 - 44 T), 
7 Revision of Tentative Methods of: 
My Test for Changes in Properties of Rubber and Rubber-Lixe Materials in Liquids (D 471 - 43 T), 7 
Testing Hard Kubber Products (D 530 - 39 T), en 
a Testing Automotive Hydraulic Brace Hose (D 571 - 44 T), pel see 
; Testing Cellular Rubber Products (D 552 - 44 T), 
Test for Ind-ntation of Rubber by Means of the Durometer (D 676-44T), and | + & 
Tentative Revision of tre Standard Methol of: a. 
Test for Accelerated Aging of Vulcanized Rubber by the Oven Method (D 573 - 42). Lia 


_ The new and revised tentatives as well as the tentative revision appear in 
"the 1944 Book of A.S.T.M. Standards, Part IIL. 
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REPORT OF COMMITTEE D-12 
ON 


SOAPS AND OTHER DETERGENTS 


Committee D-12 on Soaps and Other 
Detergents held its annual meeting on 
March 13 and 14, at the Hotel New 
Yorker, New York City, with the largest 
attendance in its history. At some 
meetings of the sections 40 to 45 people 
were present. There were a number of 
visitors, and it would appear that there 
will be a number of applications for 
membership on the committee, as the 
visitors seemed extremely interested 
in the work. 

At the March meeting, the report of 
the Nominating Committee was adopted, 
resulting in the re-election of the present 
officers and Advisory Committee for the 
ensuing term of two years. 

It is with regret that the death of 
W. H. Tiffany of the U. S. Testing Co. is 
recorded in this report. 

Committee D-12 is cooperating with 
Subcommittee VII on Accelerated Tests 
for Protective Coatings of Committee 
D-1 on Paint, Varnish, Lacquer, and 
Related Products, with J. C. Harris as 
the representative of Committee D-12. 

The Advisory Committee decided to 
review the personnel of various sections, 
looking toward reducing their size, if 
possible. This will be done by means of 
a questionnaire to be sent out by the 
secretary. It also formed a new Section 
E on Physical Testing, of Subcommittee 
I, under the chairmanship of J. A. 
Woodhead to study all physical testing, 
including performance tests in aqueous 
and nonaqueous media. 

Sections A, B, and C, of Subcommittee 
II, will be combined as Section A on 
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Soap Specifications under the chair- 
manship of F. Krassner. 

Considerable time was devoted in the 
section meetings to discussions with 
J. E. Simpson of the Quartermaster 
Corps, U. S. Army, regarding modifica- 
tion of the Army and Navy specifications 
for rosin soaps. It is believed that these 
discussions were of material assistance, 
but action was not taken to incorporate 
the modifications in the D-12 specifica- 
tions, as the changes may only be of a 
temporary nature. Mr. Simpson also 
desired information on fifteen items used 
in dry-cleaning soaps, for which there 
are no specifications at present. The 
committee furnished him with sources of 
supply for the various items, and will 
assist him in writing these specifications. 

Subsequent to the Annual Meeting, 
Committee D-12 presented to the Society 
through Committee E-10 on Standards 
proposed Emergency Alternate Provi- 
sions in the Standard Specifications for 
Chip Soap (D 496 — 39) and for Powdered 
Soap (Nonalkaline Soap Powder) (D 498 
~ 39). These emergency provisions were 
accepted by Committee E-10 on August 
30, 1943, and issued under the designa- 
tions EA — D 496a and EA — D 498a, 
respectively. They were published in 
ASTM Buttetin, No. 125, December, 
1943. 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
following specifications and methods of 
test be accepted for publication as 
tentative: 
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On SOAPS AND OTHER DETERGENTS 


Tentative Specifications for Liquid Toilet Soap,! 
and 

Tentative Methods of Chemical Analysis of In- 
dustrial Metal Cleaning Compositions.! 


II. REVISION OF TENTATIVE STANDARDS 


The committee recommends that the 
following tentative standards be revised 
as indicated below and continued as 
tentative: 

Tentative Specifications for Tetrasodium 
Pyrophosphate (Anhydrous) (D 595 — 
42 T),” revised as follows: 

Section 5.—Change to read as follows 
by the addition of the italicized words: 
“Material which has picked up sufficient 
water, as indicated by loss on ignition, 
to reduce the tetrasodium pyrophosphate 
coutent to 95 per cent or lower, may be 
rejected at the option of the purchaser.” 

Tentative Definitions of Terms Relating 
to Soaps and Other Detergents (D 459 
43 T),® revised as appended hereto! by 
the addition of four new definitions and 
changes in thirteen of the present 
definitions referred to under the report of 
Subcommittee IIT. 


Il]. TENTATIVE REVISION OF STANDARD 


The committee recommends for publi- 
cation as tentative the following revision 
in the Standard Methods of Sampling 
and Chemical Analysis of Special Deter- 
gents (D 501 43):33 

New Section.--Add a new Section 31 
at the end of the methods to read as 
follows: 


31. Loss on Ignition.—Weigh 3 g. of the sam- 
ple into a porcelain crucible which has previously 
been ignited to constant weight. Heat in a muf- 
fle furnace at 400 C. for 2 hr., cool in a desiccator, 
and weigh. Calculate the loss on ignition as 
follows: 

Loss on Ignition, 
loss in weight 


per cent = 


' These specifications and methods were accepted as 
tentative by the Society and appear in the 1944 Book of 
AS.T.M. Standards, Part III 

?1942 Book of A.S.T.M. Standards, Part III. 

: a Supplement to Book of A.S.T.M. Standards, 
art III. 


weight of sample x 


IV. Apoptrion oF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following four tentative standards be 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Affirm-| Nega- 


Items ative | tive 


I. New TentaTIvVeE STANDARDS 
Spec. for Liquid Toilet Soap... 52 0 


Chemical Analysis of Industrial 
Metal Cleaning Compositions.| 51 1 


II. REvision or TENTATIVE 
STANDARDS 


Spec. for Tetrasodium Pyro- 
phosphate (Anhydrous) 
(D 595 - 42 T) 
Def. of Terms Relating to Soaps 
and Other Detergents 


III. Tentative REVISION oF 
STANDARD 
Sampling and Chemical Analysis 

of Special Detergents 


(D 501 - 43) 53 1 


IV. ApopTion or TENTATIVE 
STANDARDS AS STANDARD 
Spec. for Built Soap, Powdered 

(Type D) (D 533-42 T)......| 52 0 
Spec. for Trisodium Phosphate 
_ (D $38 - 43 T) one 0 
Spec. for Compound Chip Soap 

(with Rosin) (D 690 - 42 T)... 54 0 
Spec. for Compound Powdered 

Soap (Granulated, with Rosin) 

(D 691 - 42 T) 


V. ApopTion AS STANDARD OF 
TENTATIVE REVISION OF 
STANDARD 
Sampling and Chemical Analysis 
of Soaps and Soap Products 

52 0 7 


54 0 


approved for reference to letter ballot 
of the Society for adoption as standard: 


Tentative Specifications for: 

Built Soap, Powdered (Type D) (D 533 - 42 T), 

Trisodium Phosphate (D 538 — 43 T), 

Compound Chip Soap (with Rosin) (D 690 - 
42 T), and 

Compound Powdered Soap (Granulated, with 
Rosin) (D 691 - 42 T). 


V. ADOPTION AS STANDARD OF 
TENTATIVE REVISION OF 
STANDARD 


The committee recommends that the 
tentative revision® of the Standard 
Methods of Sampling and Chemical 
Analysis of Soaps and Soap Products 
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(D 460 —- 42), issued in June, 1942, be 
approved for reference to letter ballot of 
the Society for adoption as standard. 


VI. EMERGENCY ALTERNATE PROVISIONS 


No changes are recommended by 
Committee D-12 at this time in the 
Emergency Alternate Provisions under 
its jurisdiction.‘ 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
87 members; 59 members returned their 
ballots with the results shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Methods of Testing 
(J. B. Crowe, chairman): 

Section A on Soaps (M. L. Sheely, 
chairman) has recommended that the 
tentative revision of Methods D 460 be 
adopted as standard as covered earlier 
in this report. The program of this 
section for the ensuing year consists of 
two parts, first, studies on the determi- 
nation of free caustic alkali and carbo- 
nates for potash soaps, and second, 
studies on the analysis of mixtures of 
soaps and synthetic detergents. From 
this work suitable methods for these 
determinations will be evolved. 

Section B on Sulfonated Detergents 
(Ralph Hart, chairman) is working in 
cooperation with a similar committee of 
the American Association of Textile 
Chemists and Colorists, and a committee 
of the American Oil Chemists’ Society. 

Second C of Subcommittee I and 
Section D of Subcommittee II on Dry- 
Cleaning Detergents (Mary Deck Hale, 
chairman) have been reorganized under 
Dr. Hale’s leadership. This section 
discussed the question of analytical 
methods for determining the composition 
of dry-cleaning soaps. Available meth- 
ods will be collected and studied by this 


4See Editorial Note, p. 473. 


committee, looking toward the establish- 
ment of standard methods of analysis for 
this type of detergent. It will also work 
on performance tests in nonaqueous 
medium. This section assisted J. E. 
Simpson, of the Quartermaster Corps, 
in the preparation of specifications for 
fifteen dry-cleaning products which he 
will use in connection with Federal 
specifications and with the further assist- 
ance of members of the committee. 

Section D on Special Detergents (W. 
H. Koch, chairman) prepared the 
method for loss on ignition on tetra- 
sodium pyrophosphate which is recom- 
mended for publication as a tentative 
revision of the Standard Methods of 
Sampling and Chemical Analysis of 
Special Detergents (D 501 - 43). 

Subcommittze II on Specifications (F. 
W. Smither, chairman): 

Section A on Textile Soaps and fection 
C on Straight Soaps, under the leadership 
of C. L. Nutting and Israel Katz, re- 
spectively, have cooperated in the prepa- 
ration of the new Specifications for 
Liquid Toilet Soap' which are recom- 
mended for publication as _ tentative. 
The sections also discussed fig soaps and 
tall oil soaps, but no action was taken on 
them at this time. 

Section B on Built Soaps (Frederick 
Krassner, chairman) recommended that 
the Tentative Specifications for Built 
Soap, Powdered (Type D) (D 533-42 
T), for Compound Chip Soap (with 
Rosin) (D 690-42 T), and for Com- 
pound Powdered Soap (Granulated, with 
Rosin) (D691--42T) be adopted as 
standard. 

The section discussed with J. E. 
Simpson, of the Quartermaster Corps, 
specifications for an all purpose soap 
and General Issue soap. Any changes 
made by the Quartermaster Corps will 
be considered by the committee at its 
next meeting. 

Section E on Sulfonated Detergents 


7% 
| 
i 
I 
f 
d 
0 
I 
ti 
Ir 
p 
\ 
of 
of 
D 
7 
Ir 
N 
re 
tic 
de 
SO 
SO; 
SO; 
Wa 
ag 


On SOAPS AND OTHER DETERGENTS 473 


(J. B. Crowe, chairman) reported that 
the General Dyestuffs Corp. has de- 
veloped a new type of soil cloth to be 
used for evaluating detergents for use in 
laundry operations. These samples will 
be sent out to the members for test. 

Section F on Specia! Detergents (C. C. 
Zeigler, chairman) recommended that 
the Tentative Specifications for Tri- 
sodium Phosphate (D 538-43T) be 
adopted as standard, and that the Tenta- 
tive Specifications for Tetrasodium Pyro- 
phosphate (Anhydrous) (D 595 — 42 T) 
be revised as indicated earlier in this 
report. 

The section will consider specifications 
for potassium carbonate, potassium hy- 
droxide, sodium bicarbonate, sodium 
orthosilicate, and borax, during the year. 

Section G on Metal Cleaners (J. C. 
Harris, chairman) recommended that the 
Proposed Methods of Chemical Analysis 
of Industrial Metal Cleaning Composi- 
tions, which have been published as 
information since 1942, be accepted for 
publication as tentative, as mentioned 
earlier in this report. 

Subcommittee IIIT on Definitions (C. 
A. Marlies, chairman): 

This committee has received a number 
of criticisms of the Tentative Definitions 
of Terms Relating to Soaps and Other 
Detergents (D 459-43 T), particularly 
from members of Committee E-8 on 
Nomenclature and Definitions and 
recommends that thirteen of the defini- 
tions be revised, namely, those for alkali 
detergents, anhydrous soap, blended 
soap, drycleaning and drycleaning soap, 
soap powder, soil redeposition, straight 
soap, synthetic detergents, washing, 
waterbreak, wet cleaning, and wetting 
agent. It also recommended the addi- 


tion of four new definitions for anionic | 


detergent, cationic detergent, surface 
active agent, 


covered earlier in this report. + 


Subcommittee IV on Papers and Publi. 


cations (W. H. Koch, chairman): 

The subcommittee has written an 
article on “The Analysis of Commercial 
Anhydrous Tetrasodium Pyrophos- 
phate,” 
near future. 

Last year Messrs. J. C. Harris and 
R. B. Mears prepared “An Annotated 
Bibliography of Aluminum Cleaning.” 
This year they have prepared a supple- 
ment under the same title, 
papers published in 1943.5 

Mr. Harris and his section have pre- 
pared a paper entitled “Corrosion Test- 
ing of Water Soluble Aluminum 
Cleaners,” which will appear in a forth- 
coming issue of the ASTM Buttetin.® 

W. G. Morse presented a draft of a 
paper on “Cleaning and Cleaning Ma- 
teria!s” before the subcommittee. As a 
result of the discussion which ensued the 
paper is to be revised and rewritten and 
again submitted for further comment. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 87 members; 59 members re- 
turned their ballots, of whom 59 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
H. P. TREvITHICK, 


B. S. VAN ZILE, 
Secretary. 


5 Published in two parts in ASTM Buttetin, No. 120, 
January, 1943, and No. 121, March, 1943. 


Published in ASTM’ No. 129, August, 


1944, p. 21. 


EDITORIAL NOTE 
Subsequent to the Annual Meeting Committee D-12 recommended to Com- 
mittee E-10 on Standards that the Emergency 
Standard Specifications for Built Soap, Powdered (EA — 
This recommendation was accepted by Committee E-10 on August 28, 1944. 


Alternate Provision in the 
D 533) be withdrawn. - 
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REPORT OF COMMITTEE D-13 


ON 


TEXTILE MATERIALS” 


Committee D-13 on Textile Materials 
held two meetings during the year in 
New York, N. Y.:a fall meeting October 
20 to 22, 1943, and a spring meeting 
March 8 to 10, 1944. The attendance at 
these two meetings, including guests, was 
224 and 256, respectively, which ex- 
ceeded any previously reported attend- 
ance. Of the 27 subcommittees and sec- 
tions of Committee D-13 which deal with 
standards, 13 held sessions at the fall 
meeting and 20 at the spring meeting. 

Society appointment of representatives 
from the membership of Committee D-13 
were as follows: H. J. Ball, with A. G. 
Ashcroft as alternate, to the Inter-So- 
ciety Council for Textile Research, a 
newly-formed organization to correlate 
the textile research activities of the 
member national textile societies and 
associations. 

Werner von Bergen has been appointed 
to represent Committee D-13 on an 
advisory Committee of the Boston Wool 
Trade Association which is to look into 
the desirability of establishing a wool 
testing laboratory. 

The committee is pleased to record the 
names of two of its esteemed members 
who have been given places of promi- 
nence in Society affairs this year; Dean 
Harvey, who has served as President of 
the Society, and Harold DeWitt Smith, 
who was selected to deliver the 1944 
Edgar Marburg Lecture. 

At the spring meeting, Gertrude G. 
Whitcomb was elected an honorary 
member of the committee in recognition 
of her faithful devotion to the commit- 
tee’s interests for 18 years and she was 
presented with a beautifully designed 
sheepskin scroll appropriately engrossed. 


Consideration is being given to ex- 
tending the scope of the committee’s 
activities and to other changes designed 
to place the committee in the best possi- 
ble position to meet the changing trends 
in new textile fibers, fiber mixtures, and 
products. One step in this direction has 
been to change the scope of Subcommit- 
tee A-2, Section I on Rayon to include all 
chemically produced organic type fibers. 


EMERGENCY ALTERNATE PROVISIONS 


An Emergency Alternate Provision in 
the Standard Methods of Testing and 
Tolerances for Knit Goods (D 231 — 39), 
permitting the use of a new type of con- 
denser as a substitute for that now 
specified in an effort to conserve block tin 
tubing, was accepted by Committee E-10 
on Standards on April 13, 1944, and has 
been issued under the designation EA - 
D 231. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


Committee D-13 is recommending the 
revision of two tentative standards the 
revision of eleven standards for imme- 
diate adoption, the tentative revision of 
three standards, the adoption as standard 
of seven tentative standards and three 
tentative revisions of standards, and the 
reapproval of nine standards which have 
stood six years or more without revision. 

The revisions being presented are in- 
cluded in detail in the Appendix and are 
accompanied, where necessary, by brief 
statements of the reasons for such revi- 
sions. The standards affected are listed 
in Table I and are also referred to under 
subcommittee activities. 

These recommendations have been 
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TABLE I.—ANALYSIS OF LETTER BALLOT VOTE 


TABLE I.—Concluded 


| 
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| Affir- 


|mative 


59 


Ballots 
Marked 
“Not 
Voting” 


69 


submitted to letter ballot of the commit- 
tee which consists of 281 members, a 


ACTIVITIES OF SUBCOMMITTEES 


The recommendations being submitted 
indicate that the various subcommittees 
and sections have been quite active dur- 


Many important projects 


are under consideration and are men- 
tioned briefly in the following summary 


Subcommittee A-1 on Cotton and its Prod- 


Section I on Cotton (M. E, Campbell, 
chairman) recommends that the Tenta- 
tive General Methods of Testing Cotton 
Fibers (D 414-40 T) be continued as 
tentative pending further study of the 
need of modification of some of the meth- 


Section II on Cotton Yarns and Threads 
(O. G. Edwards, chairman) recommends 
for immediate adoption a revision in the 
Standard General Methods of Testing 
and Tolerances for Cotton Yarns (D 


atte. | | 

r- | Nega- | Marke 

Items mative tive | “Not Items 

Voting”’ 
I. REVISION oF TENTATIVE | VI. REAFFIRMATION OF 
STANDARDS STANDARDS 

Testing and Tolerances for Glass| | Spec. and Test for Tire Fabrics 
Yarn (D 578 - 40 T).. | 27 | 0 90 Other than Cord Fabrics 

Def. of Terms Relating to Textile eae 
Materials (D 123-43 T)...... 81 1 35 Spec. for 0.007-in. Cotton Tape 
II. Revision or STANDaRDs, | for Electrical Purposes (D 335 

IuMeDIATE ADOPTION Spec. and Test for Holland Cloth 

Def. of Terms Relating to Tex-| 
tile Materials (D 123 - 42). 1 0 26 Testing and Tolerances for Cer- 

Testing and Tolerances for Cot- | | tain Light and Medium Weight 
ton Yarns (D 180 - 42) | 67 0 50 Cotton Fabrics (D 274 - 36)... 

Testing and Tolerances for Con- Determining Relative Humidity 
tinuous Filament Rayon Yarns (D 337 - 34).. 

57, 1 59 Test for Colorimetric Determi- 

Testing and Tolerances for tion of Small Amounts of Cop- 
Woolen Yarns (D 403 - 38)... 52 0 65 per and Manganese in Textiles 

Testing and Tolerances for (D 377 - 37) 
Worsted Yarns (D 404 - 38)... 51 0 66 Test for Strength of Rayon 

Test for Fineness of Wool Woven Fabric When Wet 
52 0 65 (D 415 38) 

[esting and Tolerances for Test for Colorfastness of Dyed 
Woven Glass Fabrics (D 579 - or Printed Woo!, Silk, or 
30 0 87 Rayon Fabric to Laundering 

Testing and Tolerances for | or Domestic Washing (D 436 
Woven Glass Tapes (D 580 - | - 37).. Ay 

28 | #O 89 Test for Shrinkage in Laundering 

Testing and Tolerances for of Woven Cotton Cloth (D 437 
Woven Glass Tubular Sleev- | 
ing and Braids (D 581 - 43).. 27 0 90 

Spec. for Tolerances for Num- aaa 
bered Cotton Duck (D 230 - 

Spec. and ‘Test for Asbestos 
for Electrical Purposes 

results being shown in Table I. 

STANDARDS 

Testing and Tolerances for Tire 
Cord, Woven and on Cones 
36 1 80 

Testing Wool 461 - 40, 

ASA L 16.1 - 1942)...... 41 0 76 

Spec. for Textile Delice Ma- 
chines (D76-42; L115. 
1943)..... | 0 46 ing the year. 

IV. ADOPTION OF 

STANDARDS AS STANDARD 

Testing and Tolerances for 
Woven Tapes (D 259 42 T)... 36 | 81 

Testing and Tolerances for Cer- of subcommittee activities. 
tain Wool and Part Wool 

462 - RAF 47 0 70 
est for Commercial Weight o 
Rayon Staple (D 540-43T)..| 46 | 1 70 ucts (K. B. Cook, chairman): 
Testing Asbestos Tubular 
Sleeving (D 628-41T).......| 27 | 0 90 
Testing and Tolerances for Cer- 
tain Fine Staple Cotton Gray 
Goods (D 679 —- 42 T). 45 0 72 
Testing and Tolerances for Cer- 
tain All-Cotton and Cotton- 
and-Rayon Fine Fancy Goods 
(D 680 - 42 T)... 43 0 74 
Def. of Terms Relating to Textile, 

Materials (D 123-43 T)...... 0 21 
V. ADOPTION AS STANDARD OF ods in view of recent developments. 
TENTATIVE REVISIONS OF 

STANDARDS 

Testing and Tolerances for Spun | 
Rayon Yarns and Threads | 
(D 507 - 42). ........ | §2 0 65 
Testing W - Felt (D 461 - - 40); | 
L 16.1 - 1942) 40 0 77 
Spec. and Test for Asbestos Tape 
for Electrical Purposes (D 315 | 


180 — 42) to specify in conditioning that 
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equilibrium be approached from the dry 
side, as given in the Appendix. 

The section also recommends that the 
Standard Methods of ‘Testing and Tol- 
erances for Cotton Sewing Threads 
(D 204-42) be editorially revised as 
indicated in the Appendix. 

Section III on Light and Medium 
Weight Cotton Woven Fabrics (R. T. 
Fisher, chairman) recommends the adop- 
tion as standard of the Tentative Meth- 
ods of ‘Testing and ‘Tolerances for 
Certain Fine Staple Cotton Gray Goods 
(D 679-—42T) and for Certain All- 
Cotton and Cotton-and-Rayon Fine 
Fancy Goods (D 680 — 40 T). 

The section has reviewed the Standard 
Methods of Testing and Tolerances for 
Certain Light and Medium Weight 
Cotton Fabrics (D 274-36) and the 
Standard Method of Test for Shrinkage 
in Laundering of Woven Cotton Cloth 
(D 437 — 36) and finds them in accord 
with present practice and recommends 
their reapproval. 

Section IV on Tire Fabrics (Martin 
Castricum, chairman) recommends for 
publication as tentative a revision of the 
Standards Methods of Testing and Tol- 
erances for Tire Cord, Woven and on 
Cones (D 179 — 42) to provide methods 
of test for the determination of yards per 
pound and verification of elongation 
recorded by the pendulum type cord 
testing machine, as given in the Appen- 
dix. 

The section has reviewed the Standard 
Specifications and Methods of Test for 
Holland Cloth (D 376 — 35) and for Tire 
Fabrics Other than Cord Fabrics (D 
122 — 37) and finds them in accord with 
present practice and recommends their 
reapproval. 

The section is actively engaged in the 
study of rayon cord fatigue testing, and 
modifications of present methods of 
testing cotton tire cord to make them 
applicable to the testing of rayon cord. 


_ Section V on Heavy Cotton Woven 


Fabrics (B. L. Whittier, chairman) rec- 
ommends for immediate adoption a 
revision of the Standard Specifications 
for Tolerances for Numbered Cotton 
Duck (D 230 — 27) which will now cover 
numbered cotton duck and army duck 
fabrics." 

The section is collecting data looking 
toward establishing a moisture regain 
value for heavy cotton woven fabrics. 

Section VI on Narrow Fabrics (F. S, 
Mapes, chairman) recommends for adop- 
tion as standard the Tentative Methods 
of Testing and Tolerances for Woven 
Tapes (D 259 — 42 T). 

The section has reviewed the Standard 
Specifications for 0.007-in. Cotton Tape 
for Electrical Purposes (D 335 — 36) and 
finds them in accord with present prac- 
tice and recommends their reapproval. 
Subcommittee A-2 on Rayon and ils 

Products (A. M. Tenney, chairman): 

Section I on Rayon (J. B. Goldberg, 
chairman) recommends for immediate 
adoption as standard a revision of the 
Standard Methods of Testing and Tol- 
erances for Continuous Filament Rayon 
Yarns (D 258-42) to specify rate of 
loading and provide a method for wet 
testing of filament yarns for strength. 
The present tentative revision of this 
standard is incorporated in the proposed 
revision. 

Section II on Rayon Fabrics (C. W.’ 
Dorn, chairman) has reviewed the Stand- 
ard Method of Test for Strength of 
Rayon Woven Fabric When Wet (D 
415 — 38) and finds it in accord with 
present practice and recommends its 
reapproval. 

Section IIT on Rayon Staple and Spun 
Rayon Yarns (K. B. Cook, chairman) 
recommends the adoption as standard of 
the tentative revision? of the Standard 
Methods of Testing and Tolerances for 
Spun Rayon Yarns and Threads (D 

1 These revised specifications were adopted by the 
Society and appear in the 1944 Book of A.S.T.M., Stand- 
ards, Part III, p..760. 


2 1943 Supplement to Book of A.S.T.M. Standards, 
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507 — 42), with an editorial change in the 
heading to read ‘Appearance Grades” 
instead of “Grades.” An editorial addi- 
tion will also be made under the Section 
on Tolerances providing for a new Sec- 
tion 6 reading as follows: “6. The 
appearance of the yarn shall be at least 
equal to that of the appearance grade 
specified.” 

The section also recommends that the 
Tentative Method of Test for Commer- 
cial Weight of Rayon Staple (D 540 - 
43T) be adopted as standard and 
incorporated in Standard Methods D 540. 
Subcommittee A-3 on Wool and its Prod- 

ucts (A. G. Ashcroft, chairman): 

Section I on Wool (Werner von Bergen, 
chairman) recommends for immediate 
adoption a revision of the Standard 
Methods of Test for Fineness of Wool 
(D 419-37) to provide a method for 
determining fineness of wool in yarns and 
fabrics, as given in the Appendix. 

The section recommends that the 
tentative revision of the Standard Speci- 
fications and Methods of Test for Fine- 
ness of Wool Tops (D 472 — 41), issued 
in 1942, which provides for requirements 
for wool tops, grades 48’s to 36’s, be 
continued as tentative pending further 
revision. 

The section is conducting interlabora- 
tory studies of the sampling of fleeces 
and the various methods of measuring 
fineness. 

Section II on Felt (G. H. Harnden, 
chairman) recommends the adoption as 
standard of the tentative revision of the 
Standard Methods of Testing Wool Felt 
(D 461 — 40) which provides methods for 
the determination of water shrinkage and 
thickness swell. 

The section recommends for publica- 
tion as a tentative revision of Standard 
Methods D 461 a section on definitions 
and a method for the determination of 
acid in felt as given in the Appendix. 

The section is developing a method for 
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measuring air flow resistance of filter 

felts. Studies are being conducted on 

machines for evaluating hardness of felt, 

a method for determining flame resist- 

ance, and the development of specifica- 

tions for felt. 

Section III on Woolen and Worsted 
Yarns (Fred Noechel, chairman) recom- 
mends for immediate adoption revisions 
in the Standard Methods of Testing 
and Tolerances for Woolen Yarns (D 403 
~ 38) and for Worsted Yarns (D 404 - 
38) to provide a method for determin- 
ing twist in single yarns in plied yarns, 
and the addition of a definition of wool. 

The section is studying the determina- 
tion of the number of samples required 
for the various tests in Standard Meth- 
ods D 403 and D 404. 

Section IV on Pile Floor Coverings 
(J. N. Dow, chairman) is continuing its 
studies of several important problems, 
such as evaluation of resistance of pile 
floor coverings to matting, correlation 
of service tests on part-rayon pile fabrics 
with laboratory wear testers, and sam- 
pling method for use in determination 
of pile fiber content. 

Section V on Woolen and Worsted 
Fabrics (J. N. Dalton, chairman) recom- 
mends the adoption as standard of the 
Tentative Methods of Testing and Toler- 
ances for Certain Wool and Part Wool 
Fabrics (D 462 — 42 T). 

Subcommittee A-4 on Asbestos and its 
Textile Products (F. S. Mapes, chair- 
man): 

This subcommittee recommends for 
immediate adoption a revision in the 
Standard Specifications and Methods of 
Test for Asbestos Roving for Electrical 
Purposes (D 375-42) which provides 
for additional data on yards per pound 
requirements, sampling procedure, and 
number of tests. 

The subcommittee recommends for 
adoption as standard the Tentative 
Methods of Testing Asbestos Tubular 
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Sleeving (D 628-41 T) and the tenta- 

tive revision of the Standard Specifica- 

tions and Methods of Test for Asbestos 

Tape for Electrical Purposes (D 315 - 

41), which specifies the dead weight dial 

micrometer method for measurement 

of thickness. 

The subcommittee also recommends 
that the Standard Specifications and 
Methods of Test for Asbestos Yarns 
(D 299-42) be editorially revised as 
given in the Appendix. 

The subcommittee recommends that 
the Tentative Specifications for Woven 
Asbestos Cloth (D 677-42 T) be con- 
tinued as tentative pending a further 
study of the data on physical properties 
and that Emergency Alternate Pro- 
visions EA — D 375 be continued in its 
present form pending a further study of 
the evaluation of the eiectrical properties 
of ferrous and non-ferrous rovings. 
Subcommittee A-5 on Bast and Leaf 

Fibers and Their Products (S. J. 

Hayes, chairman): 

This subcommittee recommends that 
the Tentative Methods of Testing and 
Tolerances for Jute Rove and Plied 
Yarn for Electrical and Packing Pur- 
poses (D 681-427) be continued as 
tentative pending further study of the 
method for the determination of ex- 
tractable matter. 

Subcommittee A-6 on Household and 
Garment Fabrics (Ruth O’Brien, chair- 
man): 

This subcommittee recommends that 
the Tentative Specifications for Bleached 
Wide Cotton Sheeting (D 503-40 T), 
for All Wool, All Cotton, and Wool and 
Cotton Blanketing (Household) (D 576 - 
40 T) for Bleached Cotton Broadcloth 
(D 504 — 41 T), for Medium-Weight Cot- 
ton Corduroy Fabrics (D 625-41 T), 
and for Finished, All-Cotton, Uphol- 
stery Tapestries (D 678 — 42 T) be con- 
tinued as tentative due to the shifting 
qualities of consumers’ textiles resulting 
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from the present shortages of raw ma- 
terials, manpower, and machinery. The 
war situation makes it impossible to 
obtain the data needed as a basis for the 
formulation of specifications for fabric 
for normal peacetime use. 

Subcommittee A-8 on Glass Fiber and Its 
Products (Dean Harvey, chairman): 
This subcommittee recommends a re- 

vision in the Tentative Methods of Test- 

ing and Tolerances for Glass Yarn 

(D 578 — 40 T) to provide a method for 

the determination of yards per pound, 

as given in the Appendix. 

The subcommittee is also recommend- 
ing for immediate adoption revisions in 
the Standard Methods of Testing and 
Tolerances for Woven Glass Fabrics 
(D 579-43), for Woven Glass Tapes 
(D 580-43), and for Woven Glass 
Tubular Sleeving and Braids (D 581 - 
43) which provide for a change in tem- 
perature requirement for the determina- 
tion of glass content, restricting measure- 
ment of thickness to method C in case of 
dispute, specification of the pendulum- 
type tester for strength tests, and the 
raveled strip method for glass fabrics. 
Subcommittee B-1 on Methods and Ma- 

chines (W. D. Appel, chairman): 

Section I on Methods (W. D. Appel 
chairman) recommends that the Tenta- 
tive Methods of Quantitative Analysis of 
Textiles (D 629 —- 42 T), and the Tenta- 
tive Method of Test for Colorfastness to 
Atmospheric Gases of Dyed Cellulose 
Acetate Rayon (D 682-42 T) be con- 
tinued as tentative pending further 
revision. 

This section has approved, as an 
emergency alternate provision, a new 
type of extraction apparatus made of 
tinned copper for grease determination 
in the Standard Methods of Testing and 
Tolerances for Knit Goods (D 231- 
39). As mentioned earlier in this report, 
this emergency provision was issued in 
an effort to conserve block tin tubing. 
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Section II on Machines (H. J. Ball, 
chairman) recommends for publication 
as tentative a revision of the Standard 
Specifications for Textile Testing Ma- 
chines (D 76 — 42) which provides more 
definite specifications for the types of 
machines and their operation, and a 
general basis for verification of the test- 
ing machines for accuracy. 

Section IIT on Humidity (R. H. Brown, 
chairman) has reviewed the Standard 
Method of Determining Relative Humid- 
ity (D 337 — 34) and finds it in accord 
with present practice and recommends 
its reapproval. 

Subcommittee B-2 on Nomenclature and 
Definitions (A. G. Scroggie, chairman): 
This subcommittee recommends that 

the Tentative Definitions of Terms 

Relating to Textile Materials (D 123 - 

43 T) be adopted as standard and in- 

corporated in Standard Definitions 

D 123. 

The subcommittee is recommending 
an editorial rearrangement of Standard 
Definitions D 123, the Glossary of Terms 
and its Supplements, which provides for 
the division of Standard D 123 into Part 
A on Definitions and Part B on Fibers, 
and the appending of the Glossary and 
its Supplements to the standard. The 
standard as thus revised and rearranged 
is appended hereto.’ 

The subcommittee also recommends 
for publication as tentative several new 
proposed definitions of terms relating to 
textile materials, as appended hereto.* 

This subcommittee has been actively 
engaged in formulating a Universal Yarn 
Numbering System, designated as 
“Grex.”’ The system has received wide 
publicity in the ASTM tterin‘ 
and in several textile journals. It will 
be published as a proposed recommended 


* These definitions were accepte d by the Society and 

appear in the 1944 Book of A.S.T.M. Standards, Part IIL. 

4A. G. Scroggie, ‘* ‘Grex’ Universal Yarn Numbering 
System,” ASTM BuLLetIN No. 127, March, 1944, p. 44. 
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procedure for yarn numbering in the 
1944 edition of the compilation of 
A.S.T.M. Standards on Textile Materials 
Subcommittee B-4 on Bleaching, Dyeing, 

and Finishing (W. M. Scott, chairman; 

J. Robert Bonnar, acting chairman): 

This subcommittee recommends that 
the following tentative standards be 
continued as tentative: 


Tentative Specifications for: 


Fire-Resistant Properties of Treated Textile 
Fabrics (D 626 - 41 T), 


Tentative Methods of Test for: 


Volumetric Determination of Small Amounts of 
Copper in Textiles (D 463 - 37 T), 

Apparent Fluidity of Dispersions of Cellulose 
Fibers in Cuprammonium Hydroxide (D 39 - 
40 T), 


Resistance of Textile Fabrics to Water (D 583 - 
40 T), 

Resistance of Textile Fabrics and Yarns to 
Insect Pests (D 582-41 T), 

Evaluating Compounds Designed to Increase 
Resistance of Fabrics and Yarns to Insect 
Pests (D 627 - 41 T), 

Identification of Finishes on Textiles (D 683 — 
42 T), and 


Resistance of Textile Fabrics to Microorgan- 
isms (D 684 - 42 T). 


Specifications D626 are being con- 
tinued as tentative pending a further 
check. Criticisms have been received 
of Methods D 463, D 539, and D 683 
and it is planned to give them further 
study. Revisions in Methods D 583, 
D 582, D 627, and D 684 are now under 
consideration. 

This subcommittee has reviewed the 
Standard Methods of Test for Colori- 
metric Determination of Small Amounts 
of Copper and Manganese in Textiles 
(D 377 —- 37) and for Colorfastness of 
Dyed or Printed Wool, Silk, or Rayon 
Fabrics to Laundering or Domestic 
Washing (D 436 — 37), and finds them 
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Subcommittee B-5 on Sampling, Presen- 
tation, and Interpretation of Data 
(O. P. Beckwith, chairman): 

This subcommittee is actively engaged 
in an educational program to stimulate 
interest in methods of quality control 
and their application. It is developing 
plans along three general lines: (1) The 
formulation of a procedure in specifica- 
tion writing, by developing a particular 
textile test procedure into a model 
specification with a clear statement of 
the principles involved; (2) setting up a 
small board of review to which any sub- 
committee could submit methods in 
process of development for advice; (3) 
at each meeting having one or more 
members describe some of their experi- 
ences in the field of statistical control. 
Army representatives will continue to be 
invited to participate. 


The following officers were elected at 
the March, 1944, meeting for the two- 
year period from June, 1944, to June, 
1946: 

Chairman, H. J. Ball. 

First Vice-Chairman, A. G. Ashcroft. 

Second Vice-Chairman, A. G. Scroggie. 

Secretary, W. H. Whitcomb. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 281 members; 117 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
J. BALt, 
Chairman. 
W. H. WuHitcoms, 
Secretary. 
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RECOMMENDATIONS AFFECTING STANDARDS FOR TEXTILE 
MATERIALS 


In this Appendix are given proposed 
revisions in certain standards and tenta- 
tive standards covering textile materials 
which are referred to earlier in this re- 
port.1 These standards and tentative 
standards appear in their present form 
either in the 1942 Book of A.S.T.M. 
Standards, Part III, or the 1943 Supple- 
ment, Part III, as indicated by the final 
number in the A.S.T.M. designation. 


REVISION OF TENTATIVE STANDARD 
Tentative Methods of Testing and 


Tolerances for Glass Yarn (D578 - 
40 T): 


New Section 9.—Add a new Section 9 
on determination of yards per pound to 
read as follows, renumbering the subse- 
quent sections accordingly: 


9. Yards per Pound: (a) Sampling.—Each 
individual container shall be sampled by select- 
ing at random 10 per cent of the packages. In 
no case shall the number of packages selected 
be less than three. 

(b) Test Specimens.—The length of the test 
specimen taken from each of the sample pack- 
ages shall be in accordance with the following 
requirements: 


Specified Weight, 


Specimen Length, 
yd. per lb. yd. 
1000 to 10,000, excl.............. 30 


10,000 to 100,000, excl 


(c) Weighing.—Each test specimen shall be 
weighed separately on a balance which is ac- 
curate to within 0.25 per cent of the weight, and 
the average weight of thespecimens determined. 


p. 474. 
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(d) Calculation—The yards per pound shall 
be calculated from the length and average weight 
of the specimens by either of the following for- 


mulas: 


y OOXL 


where 

Y = yards per pound, 

I = specimen length in yards, 

W, = average weight of specimens in grams, and 
W2 = average weight of specimens in grains. 


Section 12.—Change the second sen- 
tence to read as follows by the addition 
of the italicized words and figures and 
the omission of those in brackets: “The 
specimens shall then be placed in a ven- 
tilated oven and heated for 1 hr. at a 
temperature of [425 to 500C. (797 to 
932 F.)] 500 + 20C. (932 + 36 F.).” 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 
Standard General Methods of Testing 


and Tolerances for Cotton Yarns 
(D 180 42): 


Section 2 (b). -Add the following sen- 
tence at the end of this paragraph: 
“Moisture equilibrium shall be ap- 
proached from the dry side (not moisture 
free).”’ 


Standard Methods of Testing and Toler- 
ances for Continuous Filament Rayon 
Yarns (D 258 - 42): 


Section 19.—Delete this section in its 
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present form and substitute the follow- 
ing, renumbering subsequent sections 
accordingly: 


A. PREFERRED METHOD 


19. Breaking Strength, Dry, Single Strand.— 
The results obtained by this method are the 
breaking loads required to rupture the single 
strands. They may be expressed as breaking 
strength in grams, or in terms of tenacity, or 
in terms of tensile strength in accordance with 
Section 22. 

20. Test Specimens.—(a) The specimens of 
yarn for strength determination shall be drawn 
from the side of the package instead of over the 
top, to avoid change in twist. 

(b) An initial tension shall be applied to the 
specimen before gripping the specimen in the 
clamps. This tension shall be sufficient to 
remove any slack or kinks, but not great enough 
to produce any appreciable elongation. 

(c) Tests in which the specimen breaks at the 
edge of the jaws shall be rejected. 

21. Apparatus.—The testing machine for 
strength determination shall conform to the 
Standard Specifications for Textile Testing 
Machines (A.S.T.M. Designation: D 76). Either 
the pendulum type (constant-rate-of-traverse) 
or the constant rate-of-load type may be used. 

(a) Pendulum Type Testers ——The machine 
shall be of suitable capacity as defined in A.S. 
T.M. Specifications D76. The speed of the 
pulling clamp shall be 12 + 3 in. per min. The 
distance between the clamps shall be 18 in. 

(b) Constant Rate-of-Load Testers.—The dis- 
tance between the clamps shall be 20in. The 
rate of loading shall be in accordance with the 
following table: 


Group Tenacity, Rate of Loading, 
g. per denier g. per denier per 
min, 
= 1.75 and under........ 2 
ee Over 1.75 to 3.5, incl.... 4 


Nore.—When a direct comparison of two 
specimens falling in different groups is required, 
both specimens shall be tested at the rate speci- 
fied for the weaker specimen. 

(c) The capacity of constant rate-of-load 
testers shall be such that when testing yarns 
breaking above 0.6 g. per denier, the maximum 
effective load exerted by the carriage shall be 
not greater than 3.5 times the breaking load of 
the specimen. 

22. Expression of Results: (a) Breaking 
Strength—The breaking strength shall be ex- 
pressed in grams. 
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(b) Tenacity—The tenacity shall be ex- 
pressed in grams per denier as calculated by 
dividing the breaking strength by the denier 
of the unstressed specimen. 

(c) Tensile Strength—The tensile strength 
shall be expressed as breaking strength per unit 
cross-sectional area as calculated by dividing the 
breaking strength by the cross-sectional area 
of the unstressed specimen. 

23. Breaking Strength, Wet, Single Strand: 
(a) Test Specimens.—The required number of 
test specimens shall be cut from the sample in 
approximately 30-in. lengths. 

(b) Procedure.—The test specimens shall be 
immersed in distilled water for a minimum 
period of 2 min. for viscose or cuprammonium 
rayon, and 10 min. for acetate rayon (Note 1). 
A single strand shall be carefully withdrawn from 
the water bath, inserted in the clamps of the 
testing machine and broken in accordance with 
Section 21. Care shall be exercised in removing 
the specimen from the water bath and clamping 
it in the testing machine to avoid stretching 
(Note 2). 

Note 1.—The time of immersion must be 
sufficient to wet out the specimens thoroughly, 
as indicated by no further loss of strength fol- 
lowing longer periods of immersion. The time 
may have to be prolonged on specimens treated 
with water-repellant or water-resistant mate- 
rials. For yarns not readily wet out with water, 
a penetrating agent such as neutral soap or 
sulfated oil may be added to the water bath. 
The amount of such agent used shall not exceed 
that required to secure the maximum rate of 
wetting out, and no agent shall be used that will 
affect the normal physical properties of the 
yarn. 

Note 2.—If a number of specimens cling to- 
gether in the bath, they can be dispersed by 
gently raising and lowering the group in the 
water, thus permitting a single end to be with- 
drawn without strain. 


Standard Methods of Testing and Toler- 
ances for Woolen Yarns (D 403 — 38): 


New Section 6.—Add a new Section 6 
on definition of wool to read as follows, 
renumbering the subsequent sections 
accordingly: 


6. Wool.—The word wool shall be used in 
these methods in the generic sense and includes 
reprocessed and reused wool as defined in the Wool 
Products Labeling Act: 

(a) Wool.—The term “wool” means the fibers 
from the fleece of the sheep or lamb, or hair of 
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the angora or cashmere goat (and may include 
the so-called specialty fibers from the hair of the 
camel, alpaca, llama, and vicuna) which has 
never been reclaimed from any woven or felted 
wool product. 

(b) Reprocessed Wool.—The term “repro- 
cessed wool” means the resulting fiber when 
wool has been woven or felted into a wool prod- 
uct which without ever having been utilized in 
any way by the ultimate consumer, subse- 
quently has been made into a fibrous state. 

(c) Reused Wool.—The term “reused wool” 
means the resulting fiber when wool or reproc- 
essed wool has been spun, woven, knitted, or 
felted into a wool product which, after having 
been used in any way by the ultimate consumer, 
subsequently has been made into a fibrous state. 


Section 23.—-Add a new Paragraph 
(c) on twist of singles in plied yarn to 
read as follows: 


(c) Single Yarn in Plied Yarn.—The twist 
in the plied yarn shall be removed in accordance 
with Paragraph (6) with the following excep- 
tions. The clamps shall be set approximately 4 
in. apart and no tension applied. After removal 
of the ply twist and with the clamps still closed, 
all plies except one shall be cut off at each end. 
The clamps shall be adjusted to draw the yarn 
just taut enough to prevent sagging, and the 
distance between the clamps shall then be deter- 
mined. The twist in the single yarn shall be 
determined as in Paragraph (a). 


Standard Methods of Testing and Toler- 
ances for Worsted Yarns (D 404 — 38): 


New Section 6.—Add the same new 
Section 6 as is recommended above in 
Method D 403. 

Section 23.-Add the same new Para- 
graph (c) as is recommended above in 
Method D 403. 


Standard Methods of Test for Fineness 
of Wool (D 419 ~ 37). 


Section 3.-Change from its present 
form to read as follows: 


3. Sampling: (a) Loose Wool.—The samples 
shall be carded three times or gilled 15 times. 
From the resultant sliver, two to sixteen test 
specimens of approximately 120 fibers each shall 
be selected for measurement. ‘Test specimens 
from the same carded or gilled sliver shall be 
taken at least 10 in. apart in the length direction 


or at least 0.5 in. apart across the width of the 
sliver to avoid measuring the same fiber twice. 
The number of specimens and the number of 
measurements required for each fineness range 
shall be as specified in Table I. 

(b) Top.—The sampling procedure and the 
number of measurements shall be in accordance 
with Sections 4 and 5 of the Standard Specifica- 
tions and Methods of Test for Fineness of Wool 
Tops (A.S.T.M. Designation: D 472). 

(c) Roving —The samples shall be drawn 
from several packages or jack spools to repre- 
sent a good average of the lot to be tested. 
Test specimens from the same roving shall be 
taken 5 to 10 in. apart depending on the length 
of the longest fibers present. The number of 
test specimens and the number of measurements 
for the fineness range of the sample shall be in 
accordance with the requirements specified in 


Table I. a 


TABLE I.—NUMBER OF TEST SPECIMENS 
AND MEASUREMENTS REQUIRED. 


Number | 
| Number | of Fibers | 


Fineness Range 
ineness Range, | of Test | Measured a 


microns Meade f Fibers 
|Specimens per 
| Specimen Measured 
18 and under............| 2 100 200 
4 | 100 400 
21.1 to 24, incl. 6 100 600 


24.1 to 27, incl. ........ 100 

12 100 | 1200 

30.1 and over.......... 16 100 


(d) Yarn.—Each test specimen shall consist 
of a section of the yarn approximately 0.75 in. 
in length. The twist shall be carefully removed 
and the fibers separated without loss. Test 
specimens from a single stretch of yarn shall 
be taken at least 10 in. apart. The number of 
test specimens and the number of measurements 
for the fineness range of the sample shall be in 
accordance with the requirements specified in 
Table I. 

(e) Fabrics.—Each different yarn component 
of the fabric shall be tested in accordance with 
Paragraph (d). 


Section 6.--Change to read as follows 
by the omission of the words in brackets: 

“The fineness of the wool shall be 
calculated in terms of the arithmetic 
mean width in microns [of at least 200 
fibers] and by the standard deviation or 
other methods of representing disper- 
sion.” 


Section 7.--Add a note to read as fol- 
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lows: ‘‘Note.—The cross-section method 
is applicable only to white fibers.” 

Section 8.—Add a new Paragraph (c) 
to read as follows: “(c) For the cross- 
sectional examination of yarns, short 
lengths shall be inserted in the fiber slot, 
after the twist has been removed so as to 
facilitate insertion.” 


Standard Methods of Testing and Toler- 
ances for Woven Glass Fabrics 
(D 579 — 43): 


Section 10 (a).—-Change the last sen- 
tence to read as follows by omission of 
the words in brackets: “In case of dis- 
pute, Method [A or] C shall be used.” 

Section 11.—Change Paragraph (a) to 
read as follows by the addition of the 
italicized words and the omission of the 
words brackets: “The breaking 
strength of the fabric shall be determined 
on a [testing machine] pendulum type 
lester conforming to the Standard Speci- 
fications for Textile Testing Machines 
(A.S.T.M. Designation: D 76). {If a 
pendulum type of machine is used] The 
speed of the pulling clamp shall be 12 + 4 
in. per min.” 

Change Paragraph (b) by adding the 
following as the first sentence: ‘Tests 
shall be made by the raveled-strip 
method in accordance with Section 11 of 
the Standard General Methods of Test- 
ing Woven Textile Fabrics (A.S.T.M. 
Designation: D 39). 

Section 12. Change the second sen- 
tence to read as follows by the addition 
of the italicized words and figures and the 
omission of those in brackets: “The 
specimens shall be placed in a ventilated 
oven and heated for 1 hr. at a tempera- 
ture of [425 to 500 C. (797 to 932 F.)| 
500 + 20 C. (932 4 36 F.).” 


Standard Methods of Testing and Toler- 
ances for Woven Glass Tapes 


(D 43): 
Section 11 (a).-Change the last sen- 


tence to read as follows by omission of 
the words in brackets: “In case of dis- 
pute, Method [A or] C shall be used.” 

Section 15.—Make the same change in 
Paragraph (a) as is recommended above 
in Section 11 (a) of Methods D 579. 


Standard Methods of Testing and Toler- 
ances for Woven Glass Tubular Sleev- 
ing and Braids (D 581 — 43): 


Section 12,—Make the same change 
in this section as is recommended above 
in Section 12 of Methods D 579. 


Standard Specifications and Methods of 
Test for Asbestos Roving for Electrical 
Purposes (D 375 42): 


Section 3 (a).—Revise the table for 
yards per pound requirements by adding 
a column for permissible variations for 
single tests and data for 16 and 18 cut 
rovings, and changing the column head- 
ings to read as follows: 


Permissible 


Permissible 
Variations in | Variations in 
Designation per Pp per 
Dama ound, Average| Pound, Single 
of 10 Tests Tests 
5 er 500 450 to 549 400 to 599 
6.. 600 550 to 649 500 to 699 
7 700 650 to 749 600 to 799 
s ae 800 750 to 849 700 to 899 
9 900 850 to 949 800 to 999 
10 - 1000 950 to 1049 900 to 1099 
12 1200 1150 to 1249 1100 to 1299 
14 1400 1300 to 1499 1200 to 1599 
16 1600 =| 1500 to 1699 1400 to 1799 
18 | 1800 | 1700 to 1899 1600 to 1999 


Section 4 (a)..-Change the table of 
grades by adding a commercial grade and 
deleting grades AA, AAA, and AAAA, 
and appending a note as follows: 

Grade Asbestos Content 
Commercial Grade.... 75 to 80 per cent, excl. 


Underwriters’ Grade.. 80 to 85 per cent, excl. 
ene 85 to 90 per cent, excl. 


Note.—The 16 and 18 cut rovings are avail- 
able only in Commercial and Underwriters’ 
grades; all other cuts are available in all three 
grades. 


Section 6.—Delete this section and 
substitute the following: 
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6. Sampling.—(a) Each shipment shall be 
divided into lots of from 800 to 1000 Ib. From 
each lot or fraction thereof, six cones, tubes, or 
cheeses of roving shall be taken at random and 
the tests prescribed shall be made on specimens 
removed from each package selected. 

(b) If the tests from any lot fail to fall within 
the specified limits, a second set of samples shall 
be taken from another part of the lot and tested 
as before. The results of the two groups of tests 
shall be averaged to obtain the result for the lot. 

(c) If the average values determined in ac- 
cordance with Paragraph (b) fail to fall within 
the specified limits, the previous test results 
shall be discarded and a third set of samples 
shall be taken by selecting at random six cones, 
tubes, or cheeses from each 150 to 200-lb. unit 
of the material. The average results of tests 
on these six packages shall be considered the 
average of the particular unit tested, and each 
unit shall be accepted or rejected on this basis. 


Section 8 (a).—Change to read as 
follows: 


8. (a) Number of Tests—Ten determina- 
tions of the number of yards per pound shall 
be made on each set of six packages selected. 
Individual test results and the average value of 
the ten tests shall fall within the respective per- 
missible variations prescribed in the table given 
in Section 3 (a). 


Change the last sentence of Paragraph 
(b) to read as follows by the addition of 
the italicized words and the formula: 
“The 24 yd. shall be weighed to the 
nearest 0.1 g. and the number of yards 
per pound calculated from the following 


formula: 


VW 
where: 


Y = yards per pound, and 
W = weight of 24 yd. in grams.” 


Section 9.—Change the first sentence 
to read as follows: ‘“Two specimens, 
weighing not less than 5 g. each shall be 
taken from each lot or unit sampled and 
dried to constant weight in an oven at 
105 to 110 C. (220 to 230 F.), and the 
weights of the dried specimens recorded.” 
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Change the last sentence to read as 
follows by the addition of the italicized 
words: “The average of the ‘wo deter- 
minations made on the specimens from a 
given lot or unit shall be the asbestos con- 


tent of that lot or unit.” pore: 


TENTATIVE REVISIONS OF STANDARDS 


Standard Methods of Testing and Toler- 
ances for Tire Cord, Woven and on 
Cones (D 179 — 42): 


New Section 14.—Add the following as 
a new Section 14 on the determination of 
yards per pound, renumbering the subse- 
quent sections accordingly: 


14. Yards Per Pound.—The yards per pound 
of cord on cones or spools shall be determined 
by reeling and weighing skeins of known yard- 
age. 

(a) Test Condition.—The reeling and weigh- 
ing of skeins shall be made under standard con- 
ditions as defined in Section 2 of the Standard 
Methods D 39. The cones or spools shall have 
been previously conditioned in the standard at- 
mosphere for at least 4 hr. 

(b) Preparation of Skeins.—Skeins of at 
least 12 yd. in length shall be accurately reeled 
on a suitable reel at an approximate speed of 3 
yd. per sec. Tension shall be applied to the 
cord by making two full wraps of the cord 
around the pigtail guide. In reeling from cones, 
the cone shall be placed below the reel with 
the center of the cone directly under the pigtail 
guide. In reeling from spools, the spool shall 
be placed on a horizontal spindle and so posi- 
tioned that the horizontal center of the spool 
is directly under the pigtail guide. 

(c) Number of Tests.—The number of tests 
shall be determined in accordance with Section 
12. 

(d) Weighing.—Each skein shall be weighed 
to the nearest 0.1 grain. 

(e) Moisture Regain.—The actual moisture 
regain present in the cord shall be determined 
in accordance with Section 4 of the Tentative 
Methods of Quantitative Analysis of Textiles 
(A.S.T.M. Designation: D 629). 

(f) Calculations.—The yards per pound shall 
be calculated and corrected to specified moisture 
regain from the following formulas: 
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= L X 7000 
W 
y Y(100 + A) 
100 + R 
where: 
Y = measured yards per pound, 


L = length of skein in yards, 
W = weight of skein in grains, 
Y. = yards per pound, corrected to specified 
percentage moisture regain, 
A = actual percentage moisture regain in cord, 
and 
specified percentage moisture regain. 


New Sections.—Add the following as 
new Sections 23, 24, and 25 on verifica- 
tion of recorded elongation: 


VERIFICATION OF ELONGATION RECORDED BY 
PENDULUM TyPE Corp TESTING 
MACHINES 


22. Verification of Specimen Length: (a) 
Distance Between Clamps.—The distance be- 
tween the nips of the clamps along the line of 
the cord shall be 10 + yy in. 

(b) Procedure—The dial pointer shall be 
set at zero load and the clamp connected with 
the pulling mechanism returned to its normal 
position of rest after the completion of the test. 
A cord shall be placed between folded pieces of 
carbon paper in the clamps in such a manner 
that the carbon side of the paper faces the front 
and back of the cord and the lower clamp 
tightened. The free end of the cord emerging 
from the upper clamp shall be placed under a 
tension of 4 oz. and this clamp also tightened. 
Using a template inscribed with two marks 
exactly 4 in. apart, a distance of exactly 4 in. 
shall be marked off with a sharp pencil on the 
cord while it is still gripped in the clamps. The 
cord shall then be removed from the clamps, 
placed under such tension that the distance 
between the pencil marks remains exactly 4 in. 
and the distance between the carbon marks on 
the cord shall be measured with a steel rule (Note 
1). If the distance between the carbon marks 
falls outside of the tolerance prescribed in Para- 
graph (a), the distance shall be adjusted between 
the clamps and the length of the specimen re- 
checked until the proper distance is secured 
(Note 2). 

(c) Gage Rod.—A gage rod shall be prepared 
of such length that it fits exactly between the 
butts of the clamps (or between some other gage 
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marks) when the cord length meets the specified 
tolerance. This rod shall be used for subsequent 
checks on the pair of clamps for which it is pre- 
pared (Note 3). 

Note 1.—If the clamps have spools which 
bear on the cord above the main block, disre- 
gard the spool marks and measure the length 
between the marks made by the blocks. 

Note 2.—The length of the specimen meas- 
ured in this way will fall within the specified 
tolerances for cords having an appreciable varia- 
tion in thickness, but if abnormally heavy cords 
or very thin cords are to be tested the specimen 
length should be checked with the material cf 
the type under test. 

Note 3.—The gage rod is normally about 6 
in. in length but may vary slightly from one 
pair of clamps to another. The suitability of a 
given rod must be determined for each pair of 
clamps used. 

23. Verification of Recorded Elongation.— 
The upper clamp shall be adjusted so that the 
dial pointer indicates zero load and the pulling 
clamp returned to its normal position of rest 
after the completion of a test. A chart shall be 
placed in the holder and so adjusted in position 
that the pen rests at zero load and zero elonga- 
tion (Note 1). The distance shall be measured 
between the butts of the clamps using a pair of 
calipers and a steel rule. A specimen having a 
high elongation (30 per cent), such as bare, 
soft-drawn copper wire, shall be placed in the 
clamps, and the tester operated by hand (or 
mechanically) until the pen indicates exactly 
10 per cent elongation, then stopped and the 
distance measured between the butts of the 
‘clamps using a pair of calipers and a steel rule. 
This distance under the conditions outlined 
shall be equal to the original distance plus 1 in. 
This operation shall be repeated with elonga- 
tions corresponding to 20 and 30 per cent (Note 
2). 

Norte 1.—On machines having a specific loca- 
tion for the chart as determined by supports, 
the chart should be placed in its proper location 
and the pen adjusted to record zero load and zero 
elongation. 

Norte 2.—-It is not essential to use elongations 
of exactly 10,20, and 30 per cent as long as the 
proper increment is obtained, thus an indicated 
elongation of 14 per cent would be equivalent to 
an increment of 1.4 in. 

24. Causes of Improper Recording.—Failure 
of the tester to record the proper elongation 
may be due to one or more of the causes given 
in the following Paragraphs (a) to (g) together 
with methods of checking. One or more of 
these possibilities may not apply to a particular 
type of tester. 
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(a) Faulty Ruling of Charts —The rulings on 
the charts should be at right angles, or at a speci- 
fied angle. 

(b) Faulty Cutting of Chart Sheets —The 
edges of the chart should be parallel and the 
sides should be at right angles to the top and 
bottom. The edges should be cut through a 
line printed outside the ruled area as a guide for 
this purpose. The presence of this cut line can 
be detected at the edge of a properly cut chart. 

(c) Failure of Chart, Pen, and Clamp to Start 
Moving at the Same Time.—Poor coordination of 
movement is indicated by a changing error in 
the recorded elongation when calculated on a 
percentage basis. 

(d) Improper Geometry.—A chart shall be 
inserted as directed in Section 23 and the pen 
set to record zero load and zero elongation. 
The tester shall be operated without any speci- 
men in order to register increasing elongation 
at zero load. The line inscribed on the chart 
should be parallel with the line indicating vari- 
able elongation at zero load. Without altering 
the position of the chart in the holder, the pen 
shall be reset at zero load and zero elongation. 
The pendulum shall be loaded without permit- 
ting any elongation by clamping a ‘“‘nonextens- 
ible’ member, such as a strip of thin steel, in 


both the clamps. The machine shall be oper-— 


ated and the pen allowed to draw a line on the 


chart. This line should be parallel with the : 


chart line indicating variable load and zero 
elongation. If the charts are correctly printed 
and the zero elongation and zero load lines drawn 
during the test do not parallel the chart lines, the 
geometry of the tester shall be adjusted until 
this result is obtained. 

(e) Improper Angle of Pen Carriage-—A 
chart shall be placed in the tester and adjusted 
in its position so that the pen registers zero load 
and about 35 per cent elongation. Without 
any sample in the clamps, the pendulum shall 
be allowed to swing until the pointer indicates 
the maximum capacity of the chart. Under 
these conditions the end of the line traced by the 
pen should rest on the full load line and should 
make a specified angle with the base line. Any 
variation from the theoretical angle will produce 
a difference in the readings observed on the dial 
and on the chart unless the movement of the 
pen is also in error. 

(f) Improper Traverse Movement of the Pen.— 
Improper traverse of the pen can be caused by a 
compacted cable or by a stretched cable on 
testers using this type of mechanism. It can 
also be caused by the use of different diameter 
pulleys on a single shaft; the ratio of the cir- 
cumference of these pulleys may be in error. 


é 
= 
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(g) Improper Magnification of Chart—or 
Pen Movement, or Both—Magnification of the 
movement of the chart where this is obtained by 
means of a movable pulley will not be in error 
providing the diameter of the cable is constant. 


Standard Methods of Testing Wool 
Felt (D 461 — 40): 


New Section 2.—Add a new Section 2 
on definitions to read as follows, renum- 
bering the subsequent sections accord- 
ingly: 


2. Definitions: (a) Hardness.—That property 
by virtue of which the felt resists local pressure 
applied to its surface. 

(6) Density.—The weight per unit volume of 
the felt under test as distinguished from the 
volume of the fiber. 

(c) Resilience—The property of a material 
by virtue of which the material is able to do 
work against restraining forces during return 
from a deformed state. 


New Section.—Add a new Section 18 
to read as follows: 


AMOUNT OF AcID IN FELT (PYRIDINE 
EXTRACTION METHOD) 


18. (a) Sampling.—A representative sample 
of approximately 12 to 15 g. of the felt shall be 
cut into % to 4%-in. squares and thoroughly 
mixed to insure uniformity. 

(b) Pyridine Solution—The pyridine solu- 
tion shall be prepared by dissolving 10 ml. of 
pyridine (reagent grade) and 20 g. of sodium 
chloride (reagent grade) in one liter of distilled 
water. 

(c) Procedure.—Approximately 2 g. of the 
material prepared in accordance with Paragraph 
(a) shall be accurately weighed and transferred 
to a dry (Note) 500-ml. Erlenmeyer flask, into 
which 100 ml. of pyridine solution shall be added. 
The contents shall be shaken well to wet thor- 
oughly the felt, and allowed to steep for 3 hr. 
with occasional agitation. The extract shall 
be decanted into a 400-ml. beaker, and the felt 
squeezed with a large diameter stirring rod to 
remove as much of the extract as possible. The 
felt shall then be washed by adding 75 ml. of 
pyridine solution to the flask and allowing it to 
stand for 10 min. with frequent agitation, then 
decanting and adding the wash solution to the 
original extract. The washing and decanting 
shall be repeated twice more with 75 ml. of pyri- 
dine solution. The total volume of solution, 
approximately 325 ml., shall be filtered through a 
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No. 1 filter paper to remove loose fibers. Then 
3 or 5 drops of phenolphthalein (1 per cent) shall 
be added and the solution titrated to a faint 
pink end point with 0.05 N sodium hydroxide. 
Norte.—If colored felts become wet before 
the pyridine solution has been added, there may 
be some bleeding of the color. 

(d) Blank.—A blank shall be run on an equal 
volume of the pyridine solution parallel with 
that on the extract to determine the volume of 
0.05 N sodium hydroxide required for the reagents. 
The volume so determined shall be subtracted 
from that required for the extract. 

(e) Calculation.—The milliequivalents of acid 
per gram of felt shall be calculated as follows: 


W 


A 


where: 


milliequivalents of acid per gram of felt, 

milliliters of sodium hydroxide for blank, 
required, 

C = milliliters of sodium hydroxide for extract, 
required, 

normality of sodium hydroxide solution, 
and 

weight of test specimen (Paragraph (c)) 
in grams. 


ll 


ll 


Standard Specifications for Textile Test- 
ing Machines (D 76 - 42): 


Section 2.—Change from its present 
form to read as follows: 


2. Classes of Machines.—Tensile testing 
machines for use on textile materials shall con- 
form to the requirements of Sections 3,4, 5, and 
6, and may be generally classed as operating 
either on the constant-rate-of-traverse or con- 
stant-rate-of-load principles. 

Note 1.—The pendulum testing machine 
is typical of the constant-rate-of-traverse class. 
One end of the specimen is held by a moving 
clamp operated at a constant speed while the 
other end is held by a clamp attached to a weigh- 
ing mechanism incorporating a mechanical link- 
age and a pendulum. In the constant-rate-of- 
load class of machine, load is applied to the speci- 
men at a fixed rate of increase, in one construc- 
tion through a weighted carriage operating on 
an inclinable plane. 

Note 2.—Both mathematical analysis and 
tests indicate the possibility of significant inertia 
errors in testing machines whose weighing 
mechanisms are massive, especially if such 
machines are used on materials with low damp- 


ing capacities or are operated at high speeds. 
Caution should therefore be used in testing other 
than conventional materials, in operating at 
high speeds, and in testing specimens which 
break near the lower end of the range, on such 
machines. 


Section 3.—Change from its present 
form to read as follows: 


3. Machine Operation—(a) Machines in the 
constant-rate-of-traverse class shall preferably 
be power driven, and shall be so operated that 
the pulling clamp has a uniform speed of 12 + 
V4 in. per min., unless otherwise specified. 

(6) Machines in the constant-rate-of-load 
class shall preferably be power driven, and shall 
be operated in such a manner that those ma- 
chines having a capacity up to 1000 g. shall 
apply the full machine load in 60 sec., and ma- 
chines having a capacity above 1000 g. shall 
apply the full machine load in 20 sec., unless 
otherwise specified. 

Note.—Certain machines in the constant- 
rate-of-load class have been fitted either with 
a variable speed drive or with a variable weighted 
carriage in order to permit loading at a given 
rate per unit specimen size. 


Section 4.—Delete this section and 
substitute the following: 


4. Verification—This section provides a 
general basis for the verification of tension test- 
ing machines for textiles, and no attempt is 
made to give detailed instructions applicable to 
any particular case (Note). The verification 
should be supervised by a person, competent to 
exercise scientific judgment in matters not 
covered herein. 

Nore.—Detailed instructions for 
particular cases are being prepared. 

(a) Tension testing machines for textiles 
shall be verified periodically, and the require- 
ments of the Standard Methods of Verification 
of Testing Machines (A.S.T.M. Designation: 
FE 4) shall be followed except as otherwise pro- 
vided in the following Paragraphs (6), (c), and 
(d): 

(b) The machine shall be verified in the con- 
dition under which it is to be used, with all at- 
tachments and recording mechanisms in opera- 
tion if they are to be used in actual testing, 
except that any pawls or other detent in the 
weighing mechanism shall be rendered inopera- 
tive. In verification the test load shall be ap- 
plied statically, with the pawls or other detent 
held inoperative, and the effect of friction shall 
be eliminated by gently oscillating the weighing 
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mechanism or by tapping the machine to insure 
that the applied test load is in equilibrium with 
the force of the weighing mechanism. 

(c) An examination shall be made to detect 
any friction or slack in the weighing, indicating, 
or recording mechanisms, and the action of such 
defects shall be estimated in terms of the units 
in which the machine is calibrated. The pos- 
sible errors in load indication of the machine 
due to such friction or slack or to the least count 
(see Note, Section 6 (a)) of any detent mechan- 
ism, or due to combinations of these causes, 
shall not exceed the tolerance in load indication 
(Section 5). If any errors so found exceed this 
tolerance, or if they appear to indicate significant 
defects in the mechanism, the machine shall 
not be used until it has been overhauled, any 
defects corrected, and the errors reduced to 
come within the tolerance. 

(d) If the construction of the machine is 
such that other than vertical test loads must be 
applied, suitable apparatus may be devised sub- 
ject to the general requirements for accuracy of 
calibration devices prescribed in Standard 
Specifications E 4. If cords and pulleys are 
used the construction shall be such that errors 
due to axle friction, pulley eccentricities, cord 
friction, and indeterminateness of cord center 
line shall be within the required limits of Stand- 
ard Specifications E 4. If an elastic calibration 
device is used, due account shall be taken of 
possible variations in its readings due to inclined 
position. 


New Sections.—Add a new Section 5 
on tolerance in load indication, and a 


aie 
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new Section 6 on working range and ~~ 
capacity, renumbering the subsequent 
sections accordingly: 


5. Tolerance, Load Indication.—The tolerance 
in load indication shall not be more than plus 
or minus 1 per cent. 

6. Working Range and Capacity.—(a) The 
working range or ranges of a tension testing 
machine shall be the range or ranges which have 
been shown by verification to have errors not 
exceeding the tolerance, but shall not extend 
below a load which is 50 times the least count 
(Note) of the testing machine or 50 times the 
machine sensitivity, whichever is the greater. 

NotTEe.—The “least count” is the smallest 
change in indication which can customarily be 
determined and reported. In machines with 
close graduations, it may be the value of a 
graduation interval; with open graduations, or 
with magnifiers, for reading, it may be an esti- 
mated fraction, rarely as fine as one tenth, of 
a graduated interval; and with verniers it is 
customarily the difference between the scale 
and vernier graduations measured in terms of 
scale units. If the indicating mechanism in- 
cludes a stepped detent, the detent action may 
determine the least count. 

(b) In making a test a machine shall be 
selected whose working range includes the prob- 
able breaking load of the specimen. 

Note.—These restrictions are intended par- 
ticularly to prevent the testing of weak speci- 

mens on heavy machines, where the results may 
be affected by limitations due to machine fric- 
tion, inertia, scale graduations, and other factors. 
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REPORT OF COMMITTEE D160 
ON 


INDUSTRIAL AROMATIC HYDROCARBONS 


The organization of a standing Com- 
mittee on Industrial Aromatic Hydro- 
carbons was authorized by the Executive 
Committee of the Society on June 27, 
1943, after it had considered suggestions 
from a number of sources that an A.S. 
T.M. technical committee could con- 
tribute much in this field through the 
development of standard methods of test, 
definitions, and specifications for these 
materials. The preliminary scope of 
activities of the new committee is as 
follows: 


Scope.—Nomenclature, methods of test, and 
specifications for industrial aromatic hydrocar- 
bons and related products boiling below 400 F. 
for other than fuel purposes. 


The organization meeting of the com- 
mittee was held in New York, N. Y., on 
October 26, 1943, at which time the 
following temporary officers were elected: 

Temporary Chairman, J. M. Weiss. 

Temporary Vice-Chairman, C. A. 
Lunn. 

Temporary Secretary, R. P. Anderson. 

The following subcommittees have 
been organized with officers as indicated: 
Subcommittee I on Methods of Test for 

Crude Aromatic Products (C. A. Lunn, 

chairman; D. F. Gould, vice-chair- 

man): 

This subcommittee is cooperating with 
Subcommittee II on Methods of Test for 
Refined Aromatic Products in developing 
methods of sampling. The subcommit- 
tee is investigating methods for deter- 
mining aromatic hydrocarbons in light 
oil. 


¢ 


Subcommittee II on Methods of Test for 
Refined Aromatic Products (V. J. Al- 
tieri, chairman; E. T. Scafe, vice- 
chairman): 

This subcommittee has been active in 
its examination of various methods of 
test that may be acceptable for publica- 
tion as tentative. These include the 
following tests: acid wash, acidity, color, 
odor, copper corrosion, distillation, non- 
volatile matter, paraffins, solidifying 
point of benzene, and specific gravity. 
The subcommittee is acting jointly with 
Subcommittee I in developing methods 
of sampling. 

Subcommittee III on Specifications for 
Aromatic Chemicals (J. N. Wickert, 
chairman; Wesley Minnis, vice-chair- 
man): 

This subcommittee has studied the 
requirements for nitration grade benzene, 
toluene, and xylene and for industrial 
pure benzene and toluene; and has pre- 
pared five proposed specifications for 
consideration by the committee. 
Subcommittee IV on Specifications for 

Aromatic Solvents (R. F. Ruthruff, 

chairman; F. J. Van Natta, vice- 

chairman): 

This subcommittee has studied the re- 
quirements for various solvents and has 
prepared seven specifications, based on 
past practice in the coal products in- 
dustry, for consideration by the com- 
mittee. These cover 10-deg. xylene, 
refined solvent naphtha, crude light 
solvent naphtha, crude heavy solvent 
naphtha, industrial 90 benzene, indus- 
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trial pure toluene, and industrial xylene. 
The last three products are now covered 
by A.S.T.M. Standard Specifications 
for Industrial 90 per cent Benzene 
(D 361 — 36), for Industrial Pure Tolu- 
ene (Toluol) (D 362 — 36), and for Indus- 
trial Xylene (Xylol) or Solvent Naphtha 
(D 364 — 36), respectively, but the sub- 
committee is considering additional 
requirements for these products. 

Subcommittee V on Nomenclature (D. F. 

Gould, chairman; J. Bennett Hill, 

vice-chairman): 

This subcommittee is submitting the 
following recommendations for consid- 
eration by the other subcommittees: 

(1) That the “ene” ending for aro- 
matic hydrocarbons be used in place of 
the ‘‘ol” ending with a footnote to read, 
“formerly known as ‘....ol’.” 

(2) That the material known as “in- 
dustrial 90 per cent benzene”’ be referred 
to as “industrial 90 benzene” as the 
former term may be misunderstood to 
indicate the actual benzene content of 
the material. 


It is expected that the various methods 
of test and specifications being devel- 


oped by the several subcommittees — 
will soon be available for comment and © 
criticism. 


In effecting organization, Special Sub- 
committees on Scope and By-Laws were : 
appointed under the chairmanship of R. | 
P. Anderson and W. H. Fulweiler, re-— 
spectively. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, J. M. Weiss. 


Vice-Chairman, V. J. Altieri. 
Secretary, R. P. Anderson. 
This report has been submitted to 


letter ballot of the committee which con- : 
sists of 33 voting members; 26 members _ 


returned their ballots, of whom 23 have 7 


voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. M. Werss, 
Temporary Chairman. 
R. P. ANDERSON, 
Temporary Secretary. 


Committee D-17 on Naval Stores has 
held two meetings during the year: in 
Pittsburgh, Pa. on June 29, 1943, in 
connection with the Annual Meeting 
of the Society, and in Cincinnati, Ohio, 
on February 29, 1944, in connection 
with the Spring Group Meetings. 

The establishment and personnel of 
an Advisory Committee to handle addi- 
tions to the membership of the com- 
mittee and other matters requiring 
group attention between meetings were 
approved at the Pittsburgh meeting. 

The reorganization and _ broadening 
of the scope of the work of Committee 
D-17 to include turpentines, rosins, pine 
oleoresins, pine oils, rosin oils, wood 
tars and wgod pitches has resulted in 
increased interest and an expansion of 
the membership of the committee. Sev- 
enteen new members or company repre- 
sentatives have been added to the 
personnel. 

In order to expedite the handling of 
new standards or the revision of existing 
standards for turpentine and_ similar 
terpene paint thinners, which are under 
the jurisdiction of Subcommittee V on 
Volatile Solvents for Organic Protective 
Coatings of Committee D-1 on Paint, 
Varnish, Lacquer and Related Products, 
an informal arrangement was made with 
the D-1 subcommittee whereby the 
initial steps on any such standards will 
be handled by Committee D-17 through 
its Subcommittee VII. The scope and 
title of this subcommittee has been 
broadened to cover Terpene Hydro- 
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carbons and Pine Oil. Further in- 
formation with respect to the work of 
this subcommittee appears later in this 
report. 

It was recommended at the Pittsburgh 
meeting that a set of by-laws be pre- 
pared for the guidance of the officers, 
subcommittee chairmen, and members 
in the handling of committee affairs. 
This matter has been referred to the 
Advisory Committee. 


I. New TENTATIVE STANDARDS 


The committee recommends the fol- 
lowing for publication as new tentative 
standards: 

Definitions of Terms Relating to Tall Oil, 

Methods of Testing Tall Oil, 

Methods of Sampling and Testing Pine Oil, 

and 

Methods of Sampling and Testing Dipentene. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 34 members. 
On the first three items 23 members 
returned their ballots, of whom 22 have 
voted affirmatively, 0 negatively, and 1 
member marked his ballot ‘“‘not voting.” 
On the last item the vote was 21 affirma- 


tive, 0 negative and 2 ballots marked 


“not voting.” 


REVISION OF TENTATIVE STANDARD 


In view of several negative votes 
against the adoption as standard of the 
Tentative Methods of Sampling and 
Grading Rosin (D 509 — 38 T), it was 
decided to rewrite the methods and to 
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eliminate the references to procedures 
used in sampling rosin at the producing 
plants and primary inspection points, 
such as the southern concentration and 
storage yards. The special subcom- 
mittee named for this assignment, con- 
sisting of V. E. Grotlisch and W. C. 
Smith, has completed the revision and 
the methods as revised are recommended 
for publication as tentative as appended 
hereto.! 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 34 members; 25 
members returned their ballots, of whom 
19 have voted affirmatively, 0 nega- 
tively, and 6 members returned their 
ballots marked “‘not voting.” 

The revised Methods of Sampling 
and Testing Turpentine (D 233-36) 
referred to under the report of Sub- 
committee VII have been approved by 
letter ballot in Committee D-17 which 
consists of 34 members; 23 members 
returned their ballots, of whom 22 have 
voted affirmatively, 0 negatively, and 1 
member marked his ballot ‘‘not voting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Softening Point of 
Rosin (C. E. Kinney, chairman) has 
been collecting information on the prac- 
ticability of substituting an air bath 
in place of the water or glycerin bath 
now specified in the Tentative Method 
of Test for Softening Point (Ball and 
Shouldered Ring Apparatus) (EF 28- 42'T), 
in view of the variation in the results 
obtained on rosins having softening 
points in the change-over range around 
80 C. (176 F.) depending upon whether 
water or glycerin is used as the heat- 
conducting mediun. Preliminary study 
is being made of other published or 
proposed methods which appear ap- 
plicable in determining the softening 


1 These methods were accepted as tentative by the 
Society and apnear in the 1944 Book of A.S.T.M. Stand- 
ards, Parts II and III. 
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point of rosin, in order to finda method 
which will be more rapid and better 
adapted to routine plant control work. 
Members of the committee and any 
others interested in the subject are 
invited to submit to the chairman of the 
subcommittee any suggestions or ideas 
on possible softening point methods 
adapted to rosin or similar resinous 
materials which would lend themselves 
to standardization, and which have the 
following desirable features: simple de- 
sign and low cost of construction, rapid 
procedure, good reproducibility (within 
1 C.), and adaptability to a wide range 
of softening points. 

Subcommittee IIT on Crystallization of 
Rosin (FE. V. Romaine, chairman) has, 
through its chairman, been conducting 
some preliminary studies at a southern 
producing plant to evaluate the factors 
on which crystallization tendency de- 
pends, and from the data so obtained 
expects to be able to outline a procedure 
which will give more reproducible results 
than have been obtained from previous 
methods submitted for collaborative 
tests. 

Subcommitice IV on Acid and Saponi- 
fication Number and Unsaponifiable Mat- 
ter in Rosin (C. C. Zeigler, chairman) 
has received a series of rosin samples for 
collaborative study of several modifica- 
tions of the Standard Methods of Test 
for Acid Number (D 465 - 42) and for 
Saponification Number (D 464 - 42) of 
rosin and also for use in a study of an 
electrometric titration procedure in order 
to develop methods which will be more 
suitable for analysis of dark-colored 
rosins. A Proposed Method of Test 
for Unsaponifiable Matter in Rosin, 
which was suggested several years ago 
by I. E. Knapp, a member of the com- 
mittee, is also being studied for the 
purpose of standardization and is pub- 
lished as information in the Appendix. 

Subcommittee V on Tall Oi (A. 
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Pollak, chairman) has completed its 
organization. The chairman has as- 
sembled definitions of terms and methods 
of test applicable to tall oil (sometimes 
erroneously described as “liquid rosin”’) 
based on the experience gained in his 
laboratory. These methods and defini- 
tions are recommended for publication 
as tentative as mentioned earlier in this 
report. 

Subcommittee VI on Pine Tar and Tar 
Oil (J. P. Bain, chairman) has also 
completed its organization. Study is 
being made of the relationship between 
the several properties and test procedures 
on which pine tars have been classified 
and evaluated. The members have been 
furnished with some preliminary data 
along this line, and from the recom- 
mendations made, methods of test have 
been drawn up for further study, to 
include viscosity, specific gravity, distil- 
lation, moisture, evaporation loss, and 
ash. Since tars contain flocculent sus- 
pended carbonaceous matter, which 
affects the viscosity but not so much the 
density of the tar, viscosity determina- 
tions by means of the Stormer viscosi- 
meter, in terms of absolute viscosity 
units (centipoises) will be included in the 
proposed methods of test, for comparison 
with observations made with other types 
of viscosimeters based on time-of-out- 
flow of a specified volume of material. 

Subcommittee VII, on Terpene Hydro- 
zarbons and Pine Oil (I. E. Knapp, 
chairman) has drafted and approved a 
proposed tentative revision of the Stand- 
ard Methods of Sampling and Testing 
Turpentine (D 233 — 36) and submitted 
it to Subcommittee V of Committee 
D-1 on Paint, Varnish, Lacquer, and 
Related Products. Pinene has been 
included in the scope of the methods and 
references have been added to other 
A.S.T.M. standard methods, in so far 
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as they are applicable to testing turpen- 
tine, in place of detailed directions. 
Another proposed change involves the 
definition of a standard for a color grade 
of turpentine known in the trade as 
Waterwhite turpentine. Several alter- 
native test procedures for use in making 
the color test have also been proposed, 
one of which is based on the color of 
potassium platinic chloride, the other 
referring to the Saybolt chromometer 
method (D 156 38). A simplified 
temperature correction table has been 
prepared for adjusting temperature read- 
ings in the distillation test for variations 
in barometric pressure, with corrections 
applicable also to aneroid barometer 
readings. 

Proposed Methods of Sampling and 
Testing Dipentene and Pine Oil are 
submitted herewith for publication as 
tentative as referred to earlier in this 
report. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 
Chairman, V. E. Grotlisch. . al 
Vice-Chairman, E. V. Romaine. d 
Secretary, W. A. Kirklin. 
Members-at-Large of Advisory Com- 
mittee: J. L. Boyer, R. P. Chap- 
man, R. E. Pflaumer, A. Pollak. 


This report has been submitted to 
letter ballot of the committee which 
consists of 34 voting members; 28 
members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
V. E. GROTLISCH, 
Chairman. 
~ 


W. A. KirRKLIN, 
Secretary. 
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PROPOSED METHOD OF TEST FOR UNSAPONIFIABLE MATTER IN ROSIN! 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 260 S. Broad St., Philadelphia 2, Pa. 


1. Scope.—This method of test is intended 
for determining the percentage of material 
in rosin, other than insoluble dirt or other 
similar visible foreign matter, which does 
not yield a water-soluble soap when the ma- 
terial is saponified with sodium hydroxide 
or similar caustic alkali. 

2. Apparatus.—The apparatus in which 
the unsaponifiable matter is extracted from 
the soap solution, shown in Figs. 1 and 2, 
shall consist of the following: 

(a) Erlenmeyer Flask.—A standard flat- 
bottom Erlenmeyer flask of 250-ml. capacity 
with a ground-glass joint of standard 24/40 
taper. 

(b) Extractor Tube-—A special extractor 
tube,? shown in Fig. 1, 42 cm. in length, with 
aside tube placed 22 cm. above the bottom 
of the tube. The bottom of the side tube 
and the top of the extractor tube shall be 
fitted with ground-glass joints of standard 
24/40 taper. 

(c) Conductor Tube.—A conductor tube,’ 
also shown in Fig. 1, for conducting con- 
densed solvent to bottom of extractor tube, 
having a length of 35 cm., with the top 
flared to funnel shape and the bottom blown 
to a bulb, 12 to 14 mm. in diameter, and 
perforated with three 1-mm. holes. 

(d) Reflux Condenser—A reflux, water- 
tube condenser having a water jacket 40 
cm. in length. 


3. Procedure: (a) Saponification—The 


1 This proposed method is under the jurisdiction of the 
A.S.T.M. Committee D-17 on Naval Stores. Published as 
information, June, 1945. 

? For information concerning the experimental work on 
which this method of test is based see I. E. Knapp, ‘‘Deter- 
mination of Unsaponifiable Matter in Rosin,” Industrial 
and Engineering Chemistry, Analytical edition, Vol. 9, p. 
315 (1937). 

This apparatus is available from several laboratory 
glassware makers. 


APPENDIX 


preliminary saponification to convert the 
saponifiable rosin acids and other similar 
constituents into water-soluble soap shall be 
conducted as follows: Dissolve 30.00 g. of 
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Fic. 1.—Extractor Tube. 
rosin in 200 ml. of anhydrous alcohol in a 
500-ml. round-bottomed flask, with gentle 
heating, and to the slightly cooled solution 
add 6.0 ml. of 50 per cent sodium hydroxide 
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solution (sp. gr. 1.52). Boil gently 
under a reflux condenser for 1.5 hr. 
and then add 150 ml. of water to- 
gether with an ebullition tube. Set the 
flask in an oil or glycerol bath and connect 
it toa condenser. Hold the temperature in 
the bath at 120 to 130 C. until the total 
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Soap 


Fic. 2.—Complete Extraction Apparatus. 


volume of the distillate amounts to 210 ml. 
Transfer the rosin soap solution quantita- 
tively to a 250-ml. volumetric flask, cool, 
and dilute to the mark with distilled water. 

(b) Extraction of Unsaponifiable Matter.— 
To obtain the unsaponifiable matter, pipette 
a 50-ml. aliquot into the extractor tube. Place 
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100 ml. of ethyl ether in the Erlenmeyer 
flask, connect the flask to the extractor, and 
set in a water bath maintained at 50 to 55 C, 
by an electric hot plate. Continue the ex- 
traction for 6 hr. with the reflux rate approxi- 
mately 3 drops per second. Pour the ether 
solution into a 500-ml. Squibb separatory 
funnel and rinse out the flask with two 15-ml. 
portions of fresh ether. Shake thoroughly 
with 50 ml. of 1 per cent sodium hydroxide 
solution. Draw off the aqueous layer into a 
second separatory funnel and to it add 30 ml. 
of fresh ether; shake thoroughly and discard 
the aqueous layer. Run the ether back into 
the first separatory funnel and wash the 
combined ether solutions three times with 
50-ml. portions of distilled water. Run the 
washed ether solution into a carefully tared 
250-ml. flask, rinsing the separatory funnel 
with 15 ml. of fresh ether. Immerse the 
flask in a water bath and distill off the ether. 


_ Then raise the temperature of the water to 


67 to 70 C. and maintain a vacuum of 20 to 
25 mm. of mercury for 30 min. Remove the 
flask, cool, and weigh. The material re- 
covered is the “net washed extract.” Dis- 
solve it in about 40 ml. of neutral alcohol and 
titrate with standard alcoholic potassium 
hydroxide (preferably 0.1 NW) to a phenol- 
phthalein end point. 

4. Calculation.—Calculate the percentage 
of unsaponifiable matter in the rosin as 
follows: 


wt. of net washed extract 
— ~ 100. 


wt. of rosin in aliquot 6 ¢.) 


ml. of standard alkali X N X 30.2 


A= 
wt. of rosin in aliquot 


Unsaponifiable matter, per cent = E — A 


where: 


E = percentage of extract, a 
A = percentage of rosin acids, and 
N = normality of NaOH. 
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Committee D-18 on Soils for Engineer- 
ing Purposes held one meeting during 
the year, on June 28, 1943, in Pitts- 
burgh, Pa. 

Subsequent to the 1943 Annual Meet- 
ing Committee D-18 presented to the 
Society through Committee E-10 on 
Standards a proposed tentative revision 
of the Standard Method of Mechanical 
Analysis of Soils (D 422-39). This 
tentative revision was accepted! by 
Committee E-10 on August 30, 1943, 
and appears in the 1944 Book of 
A.S.T.M. Standards, Part II, p. 616. 

It was with deepest regret that Com- 
mittee D-18 learned of the death of Paul 
Rapp on August 6, 1943. The com- 
mittee will continue to feel the loss of 
Mr. Rapp’s tireless efforts as Chairman 
of Subcommittee IV and his participa- 
tion in the Symposium on Soil Testing 
Methods. 

The Symposium Committee headed 
by F. C. Lang, University of Minnesota, 
in cooperation with other committee 
members and the officers developed a 
compilation of Procedures for Testing 
Soils? which, through the intensive work 
of Committee D-18, has now been 
issued by A.S.T.M. preliminary to a 
discussion or symposium on soil testing 
to be held at one of the future meetings 
of the Society. The book is arranged 
in five sections with standard tests, if 


1In submitting this recommendation to Committee 
E-10 on Standards, Committee D-18 reported results of 
the letter ballot vote as follows: Of a total membership 
of 68, 44 members returned their ballots, of whom 43 voted 
afirmatively, 0 negatively, and 1 member marked his 
ballot “not voting.” 

* Issued as a separate publication, September, 1944. 
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any, covered first. under each section, 
followed by suggested methods. The 
five parts are as follows: Part I, Indi- 
cator Tests on Soils; Part II, Compac- 
tion and Consolidation Tests on Soils; — 
Part III, Strength Tests on Soils; Part 
IV, Tests for Soil Cement; and Part V, 
Tests for Soil-Bituminous Mixtures. 
Committee D-18 has carried out a great 
deal of work in this field, has held nu- 
merous discussions, and is desirous of 
eliciting comments particularly on the 
suggested procedures. 


ADOPTION OF TENTATIVE STANDARDS 


AS STANDARD 

Committee D-18 recommends jointly 
with Committee D-4 on Road and 
Paving Materials that the following 
three tentative methods, under the 
joint jurisdiction of the two committees, 
be approved for reference to letter ballot 
of the Society for adoption as standard, 
with revisions in Method D 558 as 
referred to later in the report of the 
Joint Subcommittee of Committees D-4 
and D-18 on Tests and Specifications 
for Stabilized Soils: 
Tentative Methods of:* 


Test for Moisture-Density Relations of Soil- 
Cement Mixtures (D558-40T), with re- 
visions, 

Wetting-and-Drying Test of Compacted Soil- 
Cement Mixtures (D 559-40 T), and 

Vreezing-and-Thawing Test of Compacted Soil- 
Cement Mixtures (D 560-40 T). 


These recommendations have been 
submitted to letter ballot of the com- 


41942 Book of A.S.T.M, Standards, Part IT. 
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mittee which consists of 76 voting mem- 
bers, with the results shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee IIT on Methods of Sam- 
pling Soils (C. W. Allen, acting 
chairman) has under consideration the 
Tentative Methods of Surveying and 
Sampling Soils for Highway Sub- 
grades (D 420-427) looking toward 
their adoption as standard. During 
the coming year, the subcommittee is 
planning to discuss the application of 
aerial photography and resistivity meth- 
ods in soil surveys. 

Subcommittee IV on Methods of 
Testing the Physical Characteristics of 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Affi N 
rm- | Nega- arkec 
Items ative tive “Not 
Voting”’ 
ApopTION oF TENTATIVE 
STANDARDS AS 
STANDARD 

Test for Moisture-Density Re- 

lations of Soil-Cement Mix- 

tures (D 558 - 40 T), as 

revised..... 49 | | 9 
Wetting-and-Drying Test of 

Compacted Soil-Cement 

Mixtures (D 559-40 T)..... 43 1 13 
Freezing-and-Thawing Test of 

Compacted Soil-Cement 

Mixtures (D 560-40T).....| 42 1 | 4 


Soils (Harold Allen, chairman) has not 
made the progress expected since its 
work had been interrupted by the death 
of Mr. Paul Rapp, who had served as 
chairman of the subcommittee since 
1940. 

The subcommittee hopes to clear up 
the several questions raised by Com- 
mittee E-10 on Standards in failing to 
approve the proposed Tentative Meth- 
ods of Test for Specific Gravity of Soil 
in February, 1943. It likewise plans to 
give consideration to the development 
of standard methods of determining 
the moisture content of soils in place. 
The topic of ‘densities in place” has 


also been referred to this subcommittee. 
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Subcommittee X on Methods of Testing 
for Bearing Capacity of Piles (Load 
Tests) (A. E. Cummings, chairman) has 
prepared draft methods for pile load 
tests which are now under consideration. 

Joint Subcommittee of Committees D-4 
and D-18 on Tests and Specifications for 
Stabilized Soils (H. F. Clemmer, chair- 
man) which was organized a year ago 
has held two meetings during the year 
and has made definite progress. As 
indicated earlier in this report, the sub- 
committee has recommended that the 
Tentative Method of Wetting-and-Dry- 
ing Test of Compacted Soil-Cement 
Mixtures (D 559 - 40 T) and the Tenta- 
tive Method of Freezing-and-Thawing 
Test of Compacted Soil-Cement Mix- 
tures (D560-40T) be adopted as 
standard without change and that the 
Tentative Method of Test for Moisture- 
Density Relations of Soil-Cement Mix- 
tures (D558-40T) be adopted as 
standard, revised as follows: 

Section 3.—Add a new sentence after 
the second sentence of Paragraph (6) 
to read as follows: “A quantity of water 
sufficient to produce slight cohesion 
shall then be thoroughly mixed with the 
soil-cement sample to permit ready 
compaction.” 

Change the end of the present third 
sentence to read as follows by the addi- 
tion of the italicized words and the 
omission of those in brackets: 
each layer being compacted by 25 blows of the 
rammer dropping free from a height of 12 in. 
above the elevation of [each finally compacted 
layer] the soil when a sleeve-type rammer is «used 
or 12 in. above the approximate elevation of each 


finally compacted layer when a stationary mounted 
type rammer is used. 


At the end of the present fourth 
sentence, change the phrase “or of 
equivalent rigidity” to read “or its 
equivalent.” 

In order to have the procedure con- 
form in’ all details with the above 
changes, in Paragraph (c) change “ait- 


di 
SO 
m 
de 
m 
of 
ne 
ple 
cul 
tu 
shi 
tes 
Sta 
Co 
De 
of 
Soi 
D: 
Th 
con 
lim 
and 
The 
obt 
in 
The 
sucl 
givi 
exc 
mer 
corr 
resu 
cont 
mix! 
cury 
T 
sub 
Det 
' Cen 
and 


iter 
(b) 
iter 
ion 
the 
ady 


hird 
ddi- 
the 


f the 
2 in. 
acted 
used 
f each 


punted 


yurth 
r of 
r its 


7 ON Soms FOR ENGINEERING PURPOSES 


dry soil-cement mixture” to read “‘initial 


soil-cement mixture.” 

Section 5.—In order that “optimum 
moisture” and “maximum-density” be 
determined for soils producing irregular 
moisture-density curves that are not 
of the parabolic type, add the following 
new Paragraph (d) to this ‘section: 


(d) When the curve resulting from connecting 
plotted points does not produce a parabolic-type 
curve with a definite peak, the “optimum mois- 
ture” and “maximum density” for such mixtures 
shall be determined from the results of additional 
tests conducted in conformance with the 
Standard Method of Wetting-and-Drying Test of 
Compacted Soil-Cement Mixtures (A.S.T.M. 
Designation: D 559) and the Standard Method 
of Freezing-and-Thawing Test of Compacted 
Soil-Cement Mixtures (A.S.T.M. Designation: 
D 560) on compacted soil-cement specimens. 
These specimens shall be molded with moisture 
contents approximately equal to the plastic 
limit of the soil and 1, 2, and 3 per cent above 
and below this governing moisture content. 
The densities of these specimens shall be those 
obtained with the prescribed moisture contents 
in the moisture-density test for the mixture. 
The cement content of these specimens shall be 
such that the soil-cement losses on the specimen 
giving the best results in these tests shall not 
exceed 10 per cent of the dry weight of the speci- 
men. The moisture content and density 
corresponding to the specimen giving the best 
results shall be used as the “optimum moisture 
content” and “maximum density”’ of soil-cement 
mixtures which do not produce a parabolic-type 
curve. 


This subcommittee is planning to 
submit a proposed Method of Test for 
Determining Cement Content of Soil- 
Cement Mixtures to Committee D-18 
and Committee D-4 on Road and Pav- 


EDITORIAL NOTE 


44 T. 


- Subsequent to the Annual Meeting, Committee D-18 and Committee D-4 
on Road and Paving Materials presented to the Society through Committee 
E-10 on Standards a proposed Tentative Method of Test for Determining 
Cement Content of Soil-Cement Mixtures. 
accepted by Committee E-10 on August 28, 1944, and appears in the 1944 
Book of A.S.T.M. Standards, Part IT, p. 1402, under the designation D 806 - _ 


toward their submittal to Committee 
E-10 on Standards for publication as 
tentative.’ 

A special subgroup on Correlation of 
Results of Various Tests with CBR 
Tests, under the chairmanship of E. W. — 


ing Materials for consideration looking 


Klinger, has been particularly active | 


and has 
reports. 


presented several progress 
It is expected that this sub- 


group may present a final report previous 


to the fall meeting of the subcommittee. 

The subcommittee has under con- 
sideration methods of test for soils 
treated with plastic binders, water- 
proofers, etc., as well as a Proposed 
Method of Test for Water Absorption, 
Expansion, and Strength Characteristics 


of Soil-Bituminous Mixtures,’ proposed 


by the Bituminous Producers Cooper- 
ative Research Committee, which was 
recently referred to it. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, C. A. Hogentogler 

Vice-Chairman, E. J. Kilcawley 

Secretary, L. R. Douglass 


the committee, 
C. A. HOGENTOGLER, 
Chairman. 
L. R. Douctass, 
Secretary. 


4 See Editorial Note, below. 


5 Procedures for Testing Soils, issued by A.S.T.M. as 


separate publication, September, 1944, p. 194. 


The new tentative method was 
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ON 
WATER FOR INDUSTRIAL USES 


Committee D-19 on Water for Indus- 
trial Uses and its subcommittees held 
meetings in Pittsburgh, Pa., on June 28 
and 29, 1943. 

The committee sponsored a session on 
water at the 1943 Annual Meeting in the 
form of a Symposium on the Identifica- 
tion of Water-Formed Deposits, Scales, 
and Corrosion Products by Physico- 
Chemical Methods.! 

The committee is sponsoring a water 
session at this Annual Meeting of the 
Society, in the form of a Round-Table 
Discussion on Organizing the Classifica- 
tion of Industrial Waters, the program 
comprising the following four papers* 
and an introduction by W. C. Schroeder, 
Ass’t. Chief, Fuels and Explosive Serv- 
ice, U. S. Bureau of Mines, Washington, 


“Typical Water Analyses for Classification 
with Reference to Industrial Use,” by W. D. 
Collins, Chemist in Charge, Water Quality 
Division, U. S. Geological Survey, Washington, 

“The Use of Selected Waters in Pulp and 
Paper Manufacture,” by L. B. Miller, Chair- 
man, Water Committee, Technical Association 
of the Pulp and Paper Industry, Ambler, Pa. 

“Treatment of Various Types of Waters for 
Operating Pressures above 400 psi.,” by R. E. 
Hall, Director, Hall Laboratories, Inc., Pitts- 
burgh, Pa. 

“Boiler Feedwater for Between 100 to 400 
psi. Boiler Pressure,” by J. A. Holmes, As- 
sistant Vice-President, National Aluminate 
Corp., Chicago, Ill. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 43, pp. 


1240 to 1310 (1943), 
2See p. 1051. 
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A.S.T.M. Manual on Water for In- 
dustrial Uses.—Subcommittee II, Edi- 
torial, prepared and circulated to the 
membership of the committee a proposed 
outline of the chapters to be included in 
a Manual on Water for Industrial Uses. 
This project meets with general favor and 
consideration is now being given to 
it by Committee E-6 on Papers and 
Publications. 

The various chapters cover: Object of 
manual, uses of industrial water, diffi- 
culties caused by water during use, com- 
position of water supplies, sampling of 
industrial water, analysis of industrial 
water, identification of deposits and 
products of corrosion, testing behavior 
of water, and treatment of water for 
industrial use. 


REORGANIZATION OF SUBCOMMITTEES? 


One of the major activities of the 
technical subcommittees during the year 
was the appointment of personnel to the 
subject-subsections organized within the 
sections of the various subcommittees. 
The subject-subsections now functioning 
are as follows: 
Subcommittee III on Methods of 
Sampling: 


Section A on Water: Sampling of 
Water at Atmospheric Pressure, Sam- 
pling of Locomotive Boiler Water, Sam- 
-pling of Marine Boilers, Sampling of 


3 Outline of reorganization of subcommittees published 
in ASTM Buttetin, No. 124, October, 1943, p. 40. 
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Stationary Boilers, Sampling of Unfired 
Vessels, and Specifications for Sampling 
Equipment. 

Section B on Resultant Deposits: 
Organization of subject-subsections now 
under way. 


Note.—The activities of the subject-sub- 
sections of Section A are intended to complete 
the subject matter covered in the outline pre- 
viously developed, and as set forth in the 1940 
Annual Report of Committee D-19.‘ 


Subcommittee IV on Methods of Analysis: 


Section A on Chemical Methods: Dis- 
solved Oxygen, Silica, Alkali Metals, 
Dissolved Solids, Oxides of Aluminum, 
Iron, Manganese, and Nitrogenous 
(Nitrates). 

Section B on Electrometric Methods: 
Subject-subsection to be organized. 

Section C on Special Methods: Polariz- 
ing Microscope, Electron Microscope, 
Spectrographic, and X-ray Diffraction. 


Subcommittee VI on Methods of Testing: 


Section A on Corrosivity: Embrittle- 
ment Detector. 

Section B on Stability: Subject-sub- 
sections to be organized. 

Several of the subject-subsections have 
prepared in preliminary form the sub- 
stance intended for standard methods. 
Such methods after being prepared in 
A.S.T.M. form will be referred to the 
subcommittee and the main committee 
for action. The following subject-sub- 
sections have such preliminary work in 
hand: Sampling of Stationary Boilers, 
Dissolved Oxygen, Silica, Alkali Metals, 
and Embrittlement Detector. 

The members of the subject-subsection 
on Dissolved Oxygen have participated 
in a station testing program utilizing an 
operating deaerator. The object of this 
test program was to secure data to show 


man tne. Am. Soc. Testing Mats., Vol. 40, p. 428 
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what agreement in results could be 
secured when more than one operator 
was determining the dissolved oxygen 
content by the same method. Two 
methods for determining the dissolved 
oxygen content were used. Such plant 
testing may prove to be a valuable > 
contribution and since four analysts 
participated in a test program of approxi- | 
mately one week’s duration the results, 
when available, should be significant. 

The Society was represented by Max 
Hecht and F. N. Speller, at the meeting — 
of the Executive Subcommittee of the 
Joint Research Committee on Boiler 
Feedwater Studies, held December 1, 
1943, at New York, N. Y. 

The Society was represented by Max 
Hecht at a meeting of the Subcommittee | 
on Care of Steam Boilers in Service of 
the Boiler Code Committee, American 
Society of Mechanical Engineers, held in 
Pittsburgh, Pa., on June 29, 1943. The 
work of the revision subcommittee, re- 
ported in the 1943 Annual Report,® is 
progressing actively, three of the mem- 
bers having made preliminary reports. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II, Editorial (E. P. 
Partridge, chairman).—The major ob- 
jective of the subcommittee is arranging 
for the A.S.T.M. Manual on Water for | 
Industrial Uses as discussed earlier in 
this report. 

Definitions of terms used in connection 
with industrial waters are being prepared. 

Arrangements were made for prepara- 
tion of early drafts of methods with 
respect to form as well as content by 
including a member of the editorial sub- 
committee on each subsection responsible 
for the development of methods. 


5 Proceedings, Am. Soc. Testing Mats., Vol. 43, p. 396 
°°» 
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Subcommittee IIT on Methods of Sam- 
pling (D. K. French, chairman).—The 
major activities of the subcommittee 
during the year have been devoted to the 
organization of sections and subject- 
subsections as detailed earlier in this 
report. Section Aon Sampling of Liquids 
(M. D. Baker, chairman) and Section B 
on Sampling of Resultant Deposits (F. R. 
Owens, chairman) will formulate methods 
in fields heretofore not covered in the 
technical literature. This is particularly 
true with respect to the work of Section 
B. An information circular has been 
furnished to the members of Section B 
and after an analysis of returns specific 
subject-subsections will be organized. 
A preliminary draft of a method for 
sampling water in stationary boilers 
based upon present practice was prepared 
by a special group consisting of D. K. 
French (chairman), J. A. Holmes, Eli 
Mandel, and A. H. Reynolds. 

During the past two years members 
of the committee had been circularized 
to secure their operating experiences and 
the results of these experiences have been 
incorporated in the draft. This pre- 
liminary draft is now in the hands of the 
subject-subsection on Sampling of Sta- 
tionary Boilers (P. B. Place, chairman). 

Subcommittee IV on Methods of 
Analysis (H. C. Miller, chairman).— 
Section A on Chemical Methods and 
Section C on Special Methods, under 
the chairmanship of A. A. Berk and C. 
E. Imhoff, respectively, have completed 
the organization of their subject-subsec- 
tions as noted earlier in this report. 

Preliminary drafts of methods of test 
for dissolved oxygen, silica, and alkali 
metals in water have been prepared and 
are being discussed within the member- 
ship of each subsection. While primary 
concern is being given to referee methods, 
nonreferee methods will be included, the 
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latter being intended for routine and 
control application. The other subsec- 
tions are making plans for their work 
during the next year. 

The four subject-subsections organized 
under Section C are now considering 
plans for their work but will not have 
any preliminary drafts available during 
this year. 

Subcommittee V on Classification (W. 
C. Schroeder, chairman).—The work of 
the subcommittee has been concerned 
largely with the development of a method 
of classifying water which would be 
sufficiently flexible for widespread in- 
dustrial use. Formulas or graphs that 
have been suggested for specific cases 
did not seem suitable for application 
to the great variety of processes in which 
water is of prime importance. Such 
methods of classification frequently result 
in arbitrary distinctions for individual 
samples which are not in accord with the 
known facts. As a result of this situa- 
tion, the subcommittee is now attempting 
to classify waters by comparing their 
analyses with the analyses of standard 
samples whose characteristics in con- 
nection with definite industrial uses are 
known and can be fully described. 

The first step toward the application 
of this method of classification has been 
the organization of a round-table dis- 
cussion, aS mentioned earlier in this 
report, to consider the samples that have 
been selected as standard and to show 
how these standards are used in classify- 
ing water for paper manufacture and for 
use in high- and low-pressure boilers. 
The four papers in this round-table 
discussion will be given at the 194 
Annual Meeting, to acquaint engineers 
with the method of classification that is 
being tried and to bring about wide- 
spread discussion. 


Wi 
tv 


1 
h 
fc 
te 
at 
d st 

‘4 


On WATER FOR INDUSTRIAL USES 


Subcommittee VI on Methods of Test- 
ing (V. V. Kendall, chairman).—The 
subsection on the embrittlement detector 
has prepared in preliminary form and 
circulated among its members a method 
for determining the embrittling charac- 
teristics of boiler water.6 No other 
activity was initiated within the 
subcommittee. 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


' See Editorial Note below. 


EDITORIAL 


Subsequent to the Annual Meeting, Committee D-19 presented to the So- 
ciety through Committee E-10 on Standards a proposed Tentative Method 4 
of Field Test for Tendency of Boiler Water to Cause Embrittlement. The _ 
new tentative method was accepted by Committee E-10 on August 28, 1944, 
and appears in the 1944 Book of A.S.T.M. Standards, Part IIT, under the des- 


ignation D 807 — 44 T. 
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This report has been submitted to letter _ 
ballot of the committee, which consists — 
of 70 members; 52 members returned — 
their ballots, all of whom have voted 
affirmatively. 


Respectfully submitted on behalf of the 
committee, 


Max HEcurt, 
Chairman. 


R. E. HALL, 
Secretary. 
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During the period from April 1, 1943, 
to March 31, 1944, the interest and ac- 
tivities of the Joint Research Committee 
on Boiler Feedwater Studies have been 
centered on certain problems which are 
summarized below: 

Silica and Turbine Blade Deposits.— 
Subcommittees have been active in 
connection with the problems of silica 
and turbine blade deposits. A limited 
amount of research, not sponsored by 
the committee, is under way. Papers 
and reports on this subject will be pre- 
sented at a later date. 

Potassium Salts in Place of Sodium 
Salts for Treating of Boiler Feedwater.— 
The use of potassium salts is receiving 
widespread interest. The Joint Re- 
search Committee sponsored a session 
at the A.S.M.E. Annual Meeting which 
was devoted to the presentation of a 
paper dealing with the physical-chemical 
properties of potassium salts in boiler 
waters.! Further papers on operating 
experiences with potassium salts are 
scheduled for the near future. 


1K. E. Hall, ‘A New Approach to the Problem of 
Conditioning Wate: for Steam Generation,” Transactions, 
Am. Soc. Mechanical Engrs. (1944). 


JOINT RESEARCH’ COMMITTEE 
ON 
BOILER FEEDWATER STUDIES 


The Effect of Potassium Salts on the 
Embrittlement of Boiler Steel.—Research 
is now in progress to determine the effect 
of potassium salts on the embrittlement 
of boiler steel. No date has _ been 
scheduled for presenting the results of 
this investigation. 

Data on New Cases of Boiler Cracking. 
—Subcommittee VI of the Joint Re- 
search Committee is undertaking the 
compilation of essential data in con- 
nection with the new cases of boiler 
metal cracking. 

Formation of Black Oxide Deposits in 
High-Pressure Boilers—It is becoming 
increasingly apparent that this problem 
warrants rather thorough investigation. 

The officers of the Joint Research 
Committee take this opportunity to 
express their keen appreciation of the 
valuable assistance and advice that have 
been given to them from time to time 
by the members and officers of the Ameri- 
can Society for Testing Materials. 


Respectfully submitted on behalf of 
the committee, 
C. H. FELtows, 
Chairman, 
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ON 


the Since the June, 1943, meeting in 
rch Pittsburgh, Pa., Committee D-20 on 
ect Plastics and its subcommittees have held 
ent two meetings: in New York, N. Y. in 
- October, 1943, and in Philadelphia, Pa. 
of in February, 1944. A Symposium on 
; Plastics was held in Philadelphia, in 
ng. February, 1944, under the sponsorship 
Re- of the Philadelphia District Committee 
the with the cooperation of Committee D-9 
pong on Electrical Insulating Materials and 
iler Committee D-20. 

The organization of Subcommittee IX 
Pon on Molds and Molding Processes has 
= been completed and W. L. Hess has 
lem been appointed chairman. A _ special 
_ committee on identification tests has 
arch been appointed, under the chairmanship 
'? of L. Boor. D. L. Gibb resigned as 
the second vice-chairman of Committee D-20 
te and W. E. Gloor was elected to fulfill 
time his term. 

_ The committee sponsorei a revised 
compilation of “A.S.T.M. Standards on 

If of Plastics,” issued in October, 1943. This 
. publication contains all of the specifica- 
tions, test methods, and recommended 

ae practices developed by the committee 


and, in addition, includes a number of 
related standards prepared by several 
other A.S.T.M. committees. 

Subsequent to the 1943 Annual Meet- 
ing, Committee D-20 presented to the 
Society, through Committee E-10 on 
Standards a number of recommendations 
which are listed in Table I together with 
the results of the letter ballot vote in 


C ommittee D-20 and the date of accept- 
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PLASTICS 


ance by Committee E-10. The newand 
revised standards have been assigned 
A.S.T.M. serial designations indicated — 
and those accepted prior to October, 
1943, appear in the new compilation of 
“A.S.T.M. Standards on Plastics.” 
They are all available in separate re- 
print form and will appear in the 1944 
Book of A.S.T.M. Standards. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


As the result of the year’s work, the 
committee is submitting twelve new 
tentative standards, revision of fifteen 
tentative standards, one tentative revi- 
sion of a standard, and is recommending 
the adoption of three tentative standards 
as standard. The standards affected 
are listed in Table II and the recom- 
mendations are included in the Appendix. 

The proposed tentative specifications 
have been developed as part of the pro- 
gram of supplying urgently needed speci-— 
fications on all commercially important 
plastics for use by the Army, Navy, 
Federal Government, and consumers 
in general. The proposed tentative 
methods of test are needed to supply new 
data in the cases of reflection and trans- 
mission characteristics, and the stability 
of chlorine-containing plastics, more 
accurate data in the case of flexural prop- 
erties, and standardized procedures in 
the cases of indentation hardness and 
specific gravity. The proposed recom- 
mended practices have been developed 
in an attempt to standardize the tech- 


‘ 
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TABLE I 


REPORT OF COMMITTEE D-20 


—RECOMMENDATIONS ACCEPTED BY 


COMMITTEE E-10 ON STANDARDS, INCLUDING 
RECORD OF LETTER BALLOT VOTE. 


Items 


New Tentative: for: 
Nonrigid Viny! Chloride-Acetate 
Plastics (D 742 - 43 T), accept- 

ed August 30, 1943 

Nonrigid E thyl Cellulose Plastics 
(D 743 - 43 T), accepled August 
30, 1943... 

Nonrigid Vinyl Chloride Plastics 
(D 744 -43 T), accepted August 
30, 1943 

Nonrigid Vinyl Butyral Plastics 
(D 745-437), accepted Sep- 
tember 7, 1943... 

o- Dichlorobenzene (Incorporated 
in Specifications D 729), accept- 
ed January 1,1944 

*Enclosures for Small Testing 
Machines for Tests at Subnor- 
mal and Supernormal Temper- 
atures of Flex trical Insulating 
Materials and Plastics (D 760 - 


44 T), accepted February 8, 1944 
*Servicing Units for Tests at Sub- 
normal and Supernorma! Tem- 
perature of Electrical Insulat- 
ing Materials and Plastics (D 
761-447), accepled February 
8, 1944 
New Tentative Methods of T est for: 
Brittleness of Nonrigid Plastics 
(D 746 - 43 T), accepted August 
30, 1943 
Stiffness in Flexure of Nonrigid 
Plastics (D 747 - 43 T), accept- 
ed August 30,1943.... 
Resistance of Plastics to Accel- 
erated Service Conditions (D 
756-44 T), accepted January 
19, 1944 
Flammability ‘of Plastics, Self- 
Extinguishing Type (D 757 - 
44 T), accepted January 19, 1944 
Tensile Strength and Compres- 
sive Strength of Plastics at 
Subnormal and Supernormal 
Temperatures (D 759-44 T), 
accepted January 19, 1944 
Testing Polystyrene Molding 
Compounds (Incorporated in 
Specifications D 703), ogee 
January 1, 1944 


New Tentative Recommended 
Practice for: 

Impact Strength Tests of Plastics 
at Subnormal and Supernormal 
Temperatures (D 758 - 44 T), 
accepted January 19, 1944. 

Revision of Tentative Specifica- 

tions for: 

Pel styrene Molding Compounds 

(D 703 - 43 T), accepted August 
30, 1943 

Cellulose Acetate Molding Com- 
pounds (D 706 - 43 T), accepted 
August 30, 1943 ; 

Cellulose Acetate Butyrate 
Molding Compounds (D 707 - 
43'T), accepled August 30, 1943 

Revision of Tentative Method of 

Test for: 

Compressive Strength of Plastics 
(D695 - 44 T), accepted Janu- 
ary 1, 1944 


Insulating Materials. 


Affir- | ega- 
tive 
tive 
1 
30 1 
30 1 
28 5 
27 3 
47 5 
45 7 
36 1 
38 2 
46 3 
46 5 
45 4 
34 2 
47 4 
27 0 
30 0 
29 0 
48 0 


Ballots 
Marked 
“Not 

Voting” 


22 


23 


16 


29 


bd Submitted jointly with C ommittee D-9 on E lectrical 


TABLE II.—ANALYSIS OF LETTER BALLOT VOTE, 


Items | 


L New TENTATIVE STANDARDS 


Spec. for Cellulose Acetate Plas- 
tic Sheets. . 

Spec.for Ethyl Cellulose Molding 
Compounds 

Spec. for Methacrylate Molding) 

Spec. for Nylon Injection Mold- 
ing Com 

Test for F 
tics. . 

Test for Indentation Hardness of 

Test for Luminous Reflectance 
and Transmission Characteris- 
ae and Color of Plastic Mate- 

Test for Specific Gravity of Plas- 
tics 

Short-Time Stability at Elevated 
Temperatures of Plastics Con- 
taining Chlorine 

Rec. Practice for Determination 
of the Permanent Fffect of 
Heat on Plastics. .. ae 

Rec. Practice for Accelerated 
Weathering of Plastics Using 
S-1 Bulb and Fog Chamber. . . 

Rec. Practice for Molding Impact 
Specimens of General Purpose 
Phenolic Materials 


un 
exural Testing ‘of Plas- 


II. Revisions or TENTATIVE 
STANDARDS 

pec. for Nonrigid Vinyl Butyral) 

SPehastcs (D 745 - 43 T) 

pec. for Vinylidene Chloride! 

Compounds (D 729 -| 


ing Compounds (D 706 - 43 T)! 

Spec. for Cellulose Acetate Buty- 
rate Compounds (D 
707 - 43 T) Be 

Spec. for Cellulose Nitrate (Py- 
roxylin) Plastic Sheets, Rods, 
and Tubes (D 701 - 43 T) 

Spec. for Melamine-Formalde- 
hyde Molding Compounds) 
(D 704-43 T) . 

Spec. for Nonrigid Vinyl Chlo- 
Plastics (D 742 - 

Spec. for* Nonrigid Ethyl Cellu-| 
lose Plastics (D 743 - 43 T) 

Spec. for Nonrigid Vinyl] Chlor- 
ide Plastics (D 744 - 44 T). 

Test for Brittleness of Nonrigid 
Plastics (D 746 - 43 T) | 

Test for Distortion Under Heat! 
Materials (D 648 - 41 T). | 

Test for Measuring Relative Mo- 
bility of Thermosetting Mold- 
ing Powder (D 731-43 T).... | 

Test for Tensile Properties of 
Plastics (D 638 -42 T)....... 

Test for Haze of Transparent} 
Plastics by Photoelectric Cell 
(D 672 - 42 T) 

Methods of Conditioning Plastics 
and Electrical Insulating Ma- 


terials for Testing (D 618 - 
41 T) 
Ill. TeNntTATIVE REVISION OF 


STANDARD | 


Test for Deformation of Plastics 
Under Load at Elevated Tem- 
peratures (D 621 - 43)........ 


| Affir- 


ma- 
tive 


Nega- 
tive 


- SC SO 


- 


Ballots- 
Marked 
“Not 

Voting’ 


22 
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TABLE I1.—(Continued) 


| 
ega- |Marke 
| tive | “Not 
Voting” 
IV. oF TENTATIVE 
STANDARDS AS STANDARD 
Test for Flammability of Plastics 
Over 0.050 in. in Thickness (D 
46 1 17 
Test for Mar Resistance of Plas- 
39 1 24 
Test for Coefficient of Linear 
Thermal Expansion of Plastics 
45 1 18 


nique employed in determining the effects 
produced on plastics by environmental 
conditions in the cases of effect of heat 
and accelerated aging. The recom- 
mendations on molding impact specimens 
of general purpose phenolic materials are 
the first of this type; similar recom- 
mendations are needed and are being 
developed for other materials. 

The revisions in the tentative specifi- 
cations and methods of test are recom- 
mended, in order to bring them up to 
date, to supply additional or more ade- 
quate data, or to make them more useful. 
Because of the current urgent need for 
specifications and test methods, many 
are being issued in record time with the 
attendant necessity for earlyand frequent 
revision. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 117 voting 
members, with the results shown in 
Table II. 


ACTIVITIES OF SUBCOMMITTEES 


As indicated by the recommendations 
accepted by Committee E-10 (Table I) 
and the recommendations proposed 
(Table IT), all of the subcommittees have 
been very active during the past year. 
This activity is being maintained and 
a brief résumé of projects now in progress 
follows. 

Subcommittee I on Strength Properties 
(M. H. Bigelow, chairman).—A proposed 


tentative method of test for tensile 
properties of thin plastic sheets and films 
has been submitted to letter ballot in 
the subcommittee. Work on high-speed 
and repeated impact is progressing, 
especially since Subcommittee VIII is 
working on the problem and many ideas 
are being suggested. A rod-type ma- 
chine for shear tests has been built and 


is being used in a round-robin test. The — 


present type plate shear machine is being 
revised to improve clamping. A pro- 
posed method of test for bearing strength 
has been suggested and is now under 
study. A study is being made of the 
advisability of setting up simplified 
identification tests. 

Subcommitiee II on Hardness Prop- 
erties Boor, chairman).— Although 


the Rockwell hardness test has been — 


revised, work is being continued in an 
effort to shorten the testing time and to 
develop a more satisfactory method for 
determining indentation hardness. Also 
the Rockwell machine has been referred 
to Committee E-1 on Methods of 
Testing for further specification and 
elucidation. ‘The work on scratch hard- 


ness is progressing. ‘Tests are being run — 


on the Bierbaum and Olsen testers as 
well as the Taber abrader. A method 


for determining blocking resistance has 
been proposed and is now under dis- 


cussion. 

Subcommillee III on Thermal Prop- 
erties (W. A. Zinzow, chairman).—A 
proposed method of test for measuring 
the coefficient of cubical expansion has 
been sent out forsubcommittee comment. 
An alternate method of determining 
flow properties of thermoplastic mate- 
rials, especially designed for materials 
such as polystyrene is under develop- 
ment. The work on deformation under 
load is being continued. A method is 
being developed for intermediate mate- 
rials such as the softer rigid thermo- 
plastics. 
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Subcommittee IV on Optical Properties 
(W. F. Bartoe, chairman).—Work is 
being continued on methods of measuring 
haze and light transmission. Tests are 
under way to evaluate the ‘double- 
vision” or ‘“‘double-reflection” method of 
examining curved transparent plastics 
for optical defects. A number of defini- 
tions are also under consideration. 

Subcommitiee V on Permanence Prop- 
erties (J. H. Teeple, chairman).—Work 
is being continued on accelerated weath- 
ering tests. It is proposed to develop 
a recommended testing procedure using 
a standard carbon-arc light source. 
Tests are under way to determine a satis- 
factory set of accelerated service condi- 
tions to allow testing of materials which 
are essentially stable but will not with- 
stand temperatures substantially above 
room temperature. Considerable inter- 
est has been aroused in the semiper- 
manent effect of heat on plastics and an 
extensive program of work covering this 
field has been outlined. The section on 
water vapor permeability is making a 
study of existing methods in an effort to 
make a recommendation for materials 
which are very impervious to moisture. 

Subcommittee VI on Specifications (G. 
M. Kline, chairman).—Because of the 
urgent need for specifications covering 
all plastic materials, this subcommittee 
has been extremely active. In addition 
to the regular scheduled meetings, it 
has been necessary to hold a number of 
special meetings. Specifications are now 
being written for polystyrene sheet 
materials and allyl and polyethylene 
plastics. Revisions are being prepared 
for vinyl resins, and all the nonrigid 
plastics. Considerable work is being 
done on classification, especially in 
the case of nonrigid plastics. This 
classification of the nonrigid plastics is 
being prepared at the request of Com- 
mittee D-11 on Rubber Products and, 
when finally completed and approved, is 
intended for inclusion in the Tentative 


Specifications for Rubber and Synthetic 
Rubber Compounds for Automotive and 
Aeronautical Applications (D 735-43 T). 
During the year a section on adhesives 
was organized and a number of specifica- 
tions in this field are being written. It 
is contemplated that this work on ad- 
hesives will be transferred to the new 
A.S.T.M. Committee on Adhesives as 
soon as its organization is completed. 

Subcommittee VII on Analytical Prop- 
erties (P. D. Brossman, chairman).— 
Development work on the determination 
of insoluble (cross-linked) material in 
polystyrene is in process. A method for 
determination of acetyl and butyryl in 
cellulose acetate butyrate is being writ- 
ten. Work is being done on determina- 
tion of free phenol and free formaldehyde 
in phenolformaldehyde resins, and on de- 
termination of stability and residual sol- 
vent of cellulose nitrate plastics. Other 
problems under consideration are the de- 
termination of plasticizer, residual sol- 
vent, pigment, and fillers in cellulose 
plastics and the nonvolatile content of 
synthetic-resin impregnants. 

Subcommittee VIII on Research (H. K. 
Nason, chairman).—The problem of im- 
pact testing is being continued. To 
date, most of the work has covered 
modifications of the Izod method and 
methods involving a falling ball dropped 
either vertically or along an inclined 
plane. It is proposed to study other 
methods including repeated impact and 
impact under tension. The subcom- 
mittee is also studying the flow properties 
of plastic materials. 

Subcommittee IX on Molds and Mold- 
ing Processes (W. L. Hess, chairman).— 
A method for molding 5 by 3 by } in. 
test bars from mica-filled phenolic ma- 
terials is being compiled. A two-cavity 
injection mold for tension and weld test 
specimens has been approved by the 
section and will soon be ready for letter 
ballot. A method is being developed 


*See Editorial Note, p. 509. 


pi 
4 m 
ol 
1 
de 
si 
to 
O 
as 
gi 
sh 
in 
ac 
V2 
su 
4q 


On Prastics 


‘ic for determining the bulk factor of non- developed by the Radio Corporation of 
id pouring compounds. A special section America. Other work has been referred 
r). on identification tests is engaged in to the appropriate subcommittees. 
eS evaluating the spiral mold and other 
a- methods for determining flow properties The present officers of the ornare 
It of materials. have been re-elected for the ensuing term — 
d- Special Committee on Identification of two years. 
eW Test Methods (L. Boor, chairman).— 
as This committee was set up to study the This report has been submitted to 
desirability and need of developing letter ballot of the committee which 
rp- simple test methods which could be used consists of 117 voting members; 64 
— to identify and control material received. _ members returned their ballots of whom 
ion Of particular interest are such properties 52 have voted affirmatively, and 0 
in as moisture content, bulk factor, specific negatively. 
for gravity, size of granules, and flow 
in properties. As a result of the interest Respectfully submitted on behalf of 
rit- shown, the committee is now engaged the committee, 
na- in compiling existing methcds and in ROBERT Burns, 
yde addition is running a round-robin test on Chairman, — 
de- various methods of flow measurement L. W. A. MEYER, . 
sol- such as the Rahm spiral and a method Secretary. 
her 
de- 
“it EDITORIAL NOTE 
lose a Subsequent to the Annual Meeting, Committee D-20 presented to the So- 
t of ciety through Committee E-10 on Standards the following recommendations: 
Revision of Tentative Specifications for: 
K Vinyl Chloride-Acetate Resin Sheets (D 708 - 43 T), 
donee Vinyl] Chloride-Acetate Molding Compounds (D 728 - 43 T), 
im- Laminated Thermosetting Materials (D 709 - 43 T), recommended jointly by Committee D-20 and 
Committee D-9 on Electrical Insulating Materials, 
To Tentative Methods of: 
>red Chemical Analysis for Acetyl and Butyry] in Cellulose Acetate Butyrate (D 817 - 44T), ; 
d Test for Measuring the Flow Properties of Thermoplastic Molding Materials (D 569 - 44 T), toreplace 
an Standard Method D 569 - 43, 
ped Test for Deformation of Plastics Under Load (D 621 - 44 T), to replace Standard Method D 621 - 43, 
pe 
ined Revision of Tentative Method of: 
h Test for Resistance of Plastics to Accelerated Service Conditions (D 756 - 44 T), and 
ther Tentative Recommended Practices for: 
and Molding Impact, Flexural and Tensile Specimens of Shock Resistant Phenolic Materials, and 3 
Molding Impact, Flexural and Tensile Specimens of Mica Filled Phenolic Materials, to be combined 
‘om- with the other Tentative Recommended Practices for Molding Specimens of Phenolic Materials _ 
‘ and issued under the designation D 796 - 44 T. 
rties 
The proposed revisions in Tentative Specifications D 708 and D 728 were 
{ old- accepted by Committee E-10 on August 28, 1944, the revision of Tentative 
i Standards D 709 and D 756 and Tentative Methods D 817 and D 569 were 
- in. accepted on December 11, 1944, Tentative Methods D 621 on December 13, 
~ 1944, and the revision of Tentative Standard D 796 on December 22, 1944. 
; The new and revised tentatives appear in the 1944 Book of A.S.T.M. Stand- 
ity ds. P Il. 
t ards, Part I 
tes On January 9, 1945, the Standards Committee accepted the joint recom-_ 
the mendation of Committee D-20 and Committee D-9 on Electrical Insulating 
etter Materials that the Tentative Methods of Conditioning Plastics and Electrical 
oped Insulating Materials for Testing (D 618-44 T) be revised. ‘The revised tenta- 


tive methods also appear in the 1944 Book of A.S.T.M. Standards, Part ITI. 


4 


509 


PROPOSED REVISIONS IN STANDARDS 


In this Appendix are given proposed 
revisions in certain standards and tenta- 
tive standards covering plastics which 
are referred to earlier in this report.’ 
These standards and tentative standards 
appear in their present form in either the 
1942 Book of A.S.T.M. Standards, Part 


APPENDIX 


FOR PLASTICS 


1 and 2, which are to be specified at a 
later date. 


Tentative Specifications for Vinylidene 
Chloride Molding Compounds 
(D 729-43 T): 


Section 4 (b).—Add the following to 


III, or the 1943 Supplement, Part III, as the table on detail requirements: bs 
. 
indicated by _the final number in the Impact strength (Izod), min., ft-lb. per in. of r 
A.S.T.M. designation. h at 25 C.(77 F.) 0.5 
Tentative Specifications for Nonrigid Weight loss on heating (72 hr. at 82 C. (180 F. )), ° 
Vinyl Butyral Plastics (D 745 43 T): 2.0 in. 
Rt 
Section 2.—Change the second sen- Section 6.—Add new Seine (k) 
tence of the note from its present form: and (J) to read as follows: 
“A i Is i 
series of small (4) Impoct Strength (Isod)-—Method A of 
peoperucs € pro- the Tentative Methods of Test for Impact 
duced” to read as follows: “Compounds _ Resistance of Plastics and Electrical Insulating 
varying by small increments through a Materials (A.S.T.M. Designation: D 256). In . 
wide range of properties can be impact tests at low temperatures the conditioned Sp 
yroduced.”” test specimens shall be exposed for 24 hr. at —40 Te 
I + 1C. (—40 + 2F.) and tested at that tem- El 
Section 3 (b).—Add a note to this perature. 
od section to read as follows: (1) Weight Loss on Heating.—Test specimen ” 
ae gs 3 by 1 by ¢ in. shall be conditioned for 48 hr. Te 
a Note.—Nonrigid vinyl butyral p'astics are yer anhydrous calcium chloride at 25 + 1C. Bri 
- available in the following forms: (77 + 2F.). The specimens shall be weighed . 
In milled or calendered slabs, sheets, and ang then placed in a circulation air oven for 72 W 
rolls. hr. at 82 + 1C. (180+ 2F.). The specimens 
In the form of compounded dough, and dopes shall be supported flatwise on a screen in the Fla 
and coating solutions. oven. Upon removal from the oven, the speci- s 
mens shall be cooled in a desiccator over an- " 
Table IT Change values for elonga- hydrous calcium chloride to 25 + 1C. (77 + Inc 
tion at rupture, min., per cent for grades 2F.). The specimens shall then be weighed x. 
5, 6, and 7 from “250, 250,” and “300,” and the percentage weight loss on heating cal- t 
7 respectively, to read “225”. culated on the basis of the conditioned weight. Th 
Delete the requirements for compres- REVISIONS OF TENTATIVE on 
a sion set at 77 F. for grades 4, 5, 6, and 7. STANDARDS : 
Je 
b> Delete requirements for Type I, grades Tentative Specifications for Nonrigid 
1 See p. 505. Vinyl Chloride Plastics (D 744 - 44T): R 
Part tit — to Book of A.S.T.M. Standards, Table Change to read as follows: . 


7 


Note.—The hardness values and low-temperature 
classifications in this table are included in these specifica- 
tions for purposes of classification only and are not spe- 
cific requirements to be met. 


| 
= 
= 
Type ; 
| 
Sa “AE BO 
A aa 
[. Unfilled (plasti- 1...}90+10| 2344]WN 
cized with dioctyl)| 2...| 80+10| 3045 | N 
phthalate or 3...| 80410) 38425] F 
a equivalent) 4...|70410| 48345] F 
II. Heat and flame re- 
sistant 5...;}80+10) 40047|N 
ds III. Cold resistant { = 
8...| 90410] 2245 N 
IV. Filled | 90 10| 2746 | N 
to “@ Tentative Method of Test for Indentation of Rubber 
by Means of the Durometer (A.S.T.M. Designation: D 
676). 
f 6 Standard Method of Test for Hardness of Rubber 
(A.S.T.M. Designation: D 314). 
) © A low-temperature classification of FF indicates that 
the material does not fail at —70 F., a classification of F 
indicates that the material does not fail at —40 F., and a 
)) classification of N indicates that the material fails at —40 
di) F. when tested in accordance with the Tentative Method 
In. 


of Test for gem Te Brittleness of Rubber and 
Rubber-Like Materials (A.S.T.M. Designation: D 736). 


REVISIONS IN STANDARDS FOR PLASTICS 


Tentative Method of Test for Deter- 
mining Relative Mobility of Thermo- 
setting Molding Powder (D 731-—43T): 


Section 5 (c).—Change to read as 
follows, adding a new Note 4 and 
renumbering the present Note 4 as 
Note 5. 


Table IT.—Change to read as shown 
in the accompanying Table I: 

(c) A load of 5000 Ib. shall be used on the 

increasing the load used by increments of 5000 _ 
Ib. until a completely filled cup is obtained, and _ - 
determined by dividing the desired load by the ‘ 
area of the ram in square inches. The gage | 

Note 4.—The preferred pressure to be used 
is that pressure which will result in a closing time 


mold to make the initial test. If the cup is not 
completely filled, the test shall be repeated, 
the closing time is not less than 10 sec. (Note 
4). The corresponding gage points shall be 
pressure shall be maintained constant within 
plus or minus 50 Ib. t 
of not less than 10 nor more than 40 sec. Some 
molding powders are formulated to give long 


TABLE I.—DETAIL REQUIREMENTS FOR NONRIGID VINYL CHLORIDE PLASTICS. 


of Type I Type II Type III Type IV 
act Grade | Grade | Grade | Grade | Grade | Grade | Grade | Grade | Grade 
Ling 1 2 3 4 5 6 7 8 9 
ned Specific gravity, 25/25 C. {max....... 1.38 1.34 1.31 1.30 1.40 1.39 1.38 1.52 | 1.65 
(77/77 F.) : lee... 1.22 1.21 1.19 1.18 1.29 1.21 1.19 1.39 | 1.49 
—40 Tensile strength, min., psi........... 2 600 2 200 1 800 1 400 2 200 2 660 2200} 1400} 1000 
em- Elongation at rupture, min., per cent 350 330 360 390 250 330 360} 200 250 
at 25 C. (+77 F.)/max 2750) 1650} 1200 800 1100} 2200) 1500) 6 
‘’\min...| 800 900 700 500 700 | 1000 800| 
men » PSI) at —40 C. (—40 F.), max| 450 000 | 350 000 | 275 000 | 200 000 | 700 000 | 176.000 | 100000) ° b 
\at —57 C. (—70 F.), max} 600 000 | 500 000 | 450 000 | 400 000 | 1 000 000 | 300000 | 130000! % b 
} hr. Tear resistance, min., lb. per in....... 550 450 350 250 400 400 300} 350 250 
1c Brittle temperature, {deg. Cent. —20 —25 —29 —33 —2 —46 S51 b b 
: max. , \deg. Fahr. -4 —13 —-w —27 +28 —50 —60 b b 
shed {weight gain plus 
r 72 Water absorption,} soluble matter 
max., per cent | loss..............| 0.40 | 0.50 0.65 | 0.60 0.60 26.1 25 6 b 
nens oe \soluble matter loss} 0.10 | 0.15 0.15 0.20 0.20 1.50 2.00 id b 
the Flammability in. thick...| 0.4 | 04 | 0.4 | 0.5 06 | 06 | & | 
peci- sq. in per sec.” \0.040 in. thick. bad 0.2 0.3 0.3 
- an- Weight loss on heating (72 hr. at 82 C. 
| (180 F.)), max., per cent Pe 0.7 0.8 0.8 0.8 2.0 2.5 0.5 1.7 
after heating, max., per cent * 15 15 1 15 30 30 5 30 
ghed Increase in brittle eon. Cont........ 2 2 2 2 2 5 5 b b 
; cal- temperature after \deg. Fahr....... 4 4 4 4 4 9 9 b b 
ight _ heating, max. 
, , Thermal stability, max., mg. HCI per g. 2 2 2 2 2 2 2 2 2 
Dielectric strength (short-time test), 
min., v. per mil ee 400 400 350 350 350 325 400 350 
Vil resistance, max., per cent loss in 
: Deformation under load, 190 psi. pres- 
rigid sure at 70 C. (158 F.): 
Total deformation, max., per cent. 25 30 35 45 35 25 35 15 30 
47): Recovery, min., per cent............| 75 75 65 00 65 60 70 70 75 
lows: ® Self-extinguishing. 


’To be specified at a later date. 


/ 


slow closing times with minimum molding 
pressures and in such cases, it is desirable to use 
pressures in excess of that required to com- 
pletely fill the cup so as to obtain closing times 
of less than 40 sec. 4 


( Tentative Method of Test for Tensile 
Properties of Plastics (D 638 — 42 T): 


Section 2.—Add the following new 
definition: 


(i) Offset Yield Stress is the stress at which 
the stress-strain curve departs from linearity 
by a specified percentage of deformation (off- 
set). The method for determining the offset 
yield stress is prescribed in the Standard Defini- 
tions of Terms Relating to Methods of Testing 
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(b) Tubes.—The test specimen shall be as 
shown in Fig. 2. The length shall be 10 in. 
plus four times the inside diameter. When the 
wall thickness of the tube is § in. or greater, a 
groove 2} in. in width in the flat portion and /; 
in. in depth, with corners rounded to a radius of 
3 in., shall be machined around the outside of 
the specimen at the center. Steel or brass 
plugs, having diameters such that they will fit 
snugly inside the tube and having a length 2 in. 
plus twice the diameter, shall be placed in the 
ends of the specimen to prevent crushing. They 
can be located in the tube conveniently by 
separating and supporting them on a metal rod, 
the lower end of which is screwed into the lower 
plug and the upper end of which rests loosely 
in a socket. Details of plugs and test assembly 
are shown in Fig. 2 


TABLE’ I1.—WATER ABSORPTION REQUIREMENTS FOR MOLDED RODS. 


> 
Water Absorption, After 24-hr. Immersion, max., per cent 
> 
Diameter, in.* * Type I | Type II ad Type III 
Grade Grade Grade Grade Capt Grade | Grade Grad 
Kx | XXX age 
1.5 | | 
1.5 1.0 2.5 1.5 1.2 2.0 
Ye cosceeecasessseseesesesceces 1.0 0.75 2.0 1.0 1.2 | 0.90 1.5 1.25 
ESE AAR 1.0 0.75 2.0 1.0 1.2 0.90 1.5 1.25 


(A.S.T.M. Designation: E 6)° under definition 
of yield strength, Paragraph 2 (a) on “Ofiset 

Method.” The amount of offset shall always 
be stated, for example, 0.2 per cent offset yield 
stress. 


Insert this samie definition of offset 

y eld stress as number 23 under Defini- 

tions in the Appendix, and renumber the 
succeeding definitions accordingly. 

Section 4.—Change Paragraph (a) 

from its present form to read as follows: 


4. (a) Sheets, Plates and Molded Plastics.— 
The test specimen shall conform to the dimen- 
sions shown in Fig. 1. This specimen may be 
| prepared by machining operations from mate- 

rials in sheet, plate, slab, or similar form, or it 
may be prepared by molding of the material to 
be tested. 


Add the following new Paragraphs 
(b) and (c) and reletter the succeeding 
paragraphs accordingly: 


21942 Book of A.S.T.M. Standards, Part III, p. 849 


@ Intermediate diameters under 1 in. take the value for the next smaller diameter. 


(c) Rods——The test specimen as shown in 
Fig. 3 shall be about 12 in. in length. When the 
diameter of the rod is } in. or greater, a groove 
2} in. in width in the flat portion and 4; in. in 
depth, with corners rounded to a radius of 3 in., 
shall be machined around the specimen at the 
center. 


Delete the present Fig. 1 including the 
notes and substitute for it the accom- 
panying new Fig. 1 including the new 
notes. Add the accompanying new Figs. 
2 and 3. 

Section 8. —Change 
to read as follows: 


Paragraph (6) 


(b) The width and thickness of the flat 
specimen (Fig. 1) shall be measured to the 
nearest 0.001 in. at several points along its 
length. The diameter of rod specimens, and 
the inside and outside diameters of tube speci- 
mens, shall be measured to the nearest 0.001 
in. at at least two points 90 deg. apart; these 
measurements shall be made at the groove for 
specimens so constructed. Record the minimum 
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REVISIONS IN STANDARDS FOR PLASTICS - 


Distance between Grips 

| 


: 


ey 

by 

d T-Thickness, in. 

er Di Over 1% to 1| Tolerances, 

ly Jimension, ~ Y in. or under Over \% to 4 in., incl. in., incl. in. 

ly 

y | Typell¢ | TypeI | | Type 

C—Width 0.750 0.750 1.125 1.125 1.500 +0.016 
W—Width of flat section®............... 0.500 0.250 0.750 0.375 1.000 { —0.000 

+0.005 
F—Length of flat section................ 2.25 | 2.25 2.25 2.25 2.25 +0.016 

D—Distance between grips? 4% 54 4% 5% 5% +h 
L—Length overall...... 8, | 9% | 93% 10% 12 minimum 

le . ‘ Width, W, of the gage section shall be no larger at the center than at the ends and may be smaller at the center by 7 

b as much as 0.004 in.,as shown. If such a reduction is made it shall be gradual, suitably on a 210 in. minimum radius, » 


equally on each side so that no abrupt changes in dimension result. 

’ Thickness, 7’, shall be 0.125 + 0.015 in. for molded specimens and for other specimens where possible. If speci- 
mens are machined from sheets or plates, thickness, 7, may be the thickness of the sheet or plate provided this does not 
5 exceed 1 in. For sheets of nominal thickness greater than 1 in. the specimens shall be machined to 1.000 + 0.010 in. in 
5 thickness. For sheets of nominal thickness between 1 and 2 in. approximately equal amounts shall be machined from 
5 cach surface. For thicker sheets both surfaces of the specimen shall be machined and the location of the specimen 

with reference to the original thickness of the sheet, shall be noted. Tolerances on thickness less than 1 in. shall be 
names those standard for the grade of material tested. ; 
© Type 1 specimens shall be used whenever possible. ‘Type 2 specimens shall be used only for materials with which 
the a 1 specimen does not give satisfactory breaks in gage length, such as resin-impregnated compressed laminated 
woo 


1 in 4 Test marks only. 
the Fic. 1.—Tension Test Specimens for Sheet and Plate, Molded Plastics. > 
ove 
1. in values of cross-sectional area so determined. Metal Plugs 
n., P} i i j 
in testing tube specimens “th 20 Rac 
& UK Jaws not to | 
In Paragraph (c) change the second | > 
the and third sentences to read as follows: N 
“There shall be allowed 0.25 in. between || 
new the ends of the gripping surfaces and the 
‘1S. shoulders of the fillet of the flat test 
specimen; thus, the ends of the gripping “Willed Portion 
(b) surfaces should be 4.5 in. apart, as shown i f of Specimen 
in Fig. 1, at the start of the test. The 7 i 
flat location for the grips on rod and tube Plug 
» the specimens shall be as shown in Figs. 
g - 2 and 3.” Fic. 2.—Tension Test Specimens for Tubes. 
ane 
ool Tentative Method of Test for Haze of to read as follows by the addition of the 
a Transparent Plastics by Photoelectric italicized words: “The apparatus shall 
re for Cell (D 672 - 42 T): consist of a haze meter as illustrated in 
Section 3.—Change the first sentence Fig. 1 or its optical equivalent.” 
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Jaws Not to Extend 
1 Beyond this Limit 
\ 
S"rad. 
Min \ 
/2°Min: > 


Fic. 3.—Tension Test Specimens for Rods. 


qd Tentative Methods of Conditioning 
Plastics and Electrical Insulating Ma- 
terials for Testing (D 618 - 41 T): 


Section 4 (a).—Change the procedure 


for type S materials to read as follows: 


(a) Type S Materials. —Type S specimens 
shall be conditioned for a period of 48 hr. in the 
circulation air oven at a temperature of 50 + 
3C. (122 4 54F.). The specimens shall be 
removed from the oven and cooled in the desic- 
cator over anhydrous calcium chloride for a 
period of at least 3 hr. prior to actual testing. 
In the case of materials which are known or 
expected to require substantial time to attain 
essential stability of the property being meas- 
ured, the cooling period shall be at least 16 hr. 
A definite time interval, previously decided upon 
by the cooperating laboratories, shall be allowed 
to elapse between the removal of the specimens 
from the desiccator and the application of the 
tests. The tests may be made at room atmos- 
pheric conditions. 
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Although Committee E-1 on Methods 
4 of Testing held no meetings during the 
n year, a number of its technical commit- 
-d tees and sections have been active as 
ns noted later in this report. 


The Executive Committee of the So- 
ciety appointed three representatives-at- 
large to serve on the Advisory Commit- 
tee, namely, E. P. Partridge, Hall 
Laboratories, Inc., A. J. Phillips, Ameri- 
can Smelting and Refining Co., and Mr. 
L. J. Trostel, General Refractories Co., 
each for a three-year term, expiring in 
1946. 

Subsequent to the 1943 Annual Meet- 
ing, Committee E-1 presented to the 
Society through Committee E-10 on 
Standards the following recommenda- 
tions: 


i” 
New Tentative: 


Hardness Conversion Tables for Steel (Relation- 
ship Between Diamond Pyramid Hardness, 
Rockwell Hardness, and Brinell Hardness) 
(E 48-43 T), and 


Revision of Tentative Specifications for: 


A.S.T.M. Thermometers (E 1-44 T), comprising 
requirements for six new solvents distillation 
thermometers. 


The first recommendation was ac- 
cepted! by Committee E-10 on August 
24, 1943, and the second one was ac- 
cepted! on March 15, 1944. The new 
tentative standard appears in the 1943 
Supplement to Book of A.S.T.M. Stand- 

‘In submitting these recommendations to Com- 
mittee E-10 on Standards, Committee E-1 reported the 
following results of the letter ballot vote from a com- 
mittee membership of 55: E 48, 48 ballots returned, affirma- 
tive 33, negative 1, ballots marked “not voting” 14; 


E 1, 43 ballots returned, eee 31, negative 1, be allots 
marked “not voting”’ 
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ards, Part I, and the revised tentative 
specifications for thermometers will ap- 
pear in the 1944 Book of A.S.T.M.Stand- — 
ards, Parts II and III. 


¥ 
ADOPTION OF TENTATIVE STANDARD © 
AS STANDARD 


The committee recommends that the 
specifications for the Air-Chamber Ther- 
mometer and for the A.S.T.M. Tung 
Thermometer prescribed in the Tenta- 
tive Specifications for A.S.T.M. Ther- 
mometers (E 1 — 44 T) be approved for 
reference to the letter ballot of the So- 
ciety for adoption as standard. 

This recommendation has been sub- 
mitted to letter ballot of the committee 


_ which consists of 56 voting members; 45 


members returned their ballots, of whom 
22 have voted affirmatively, 1 negatively, 
and 22 marked their ballots “not vot- 
ing.” 


ACTIVITIES OF TECHNICAL COMMITTEES 


Technical Committee I on Mechanical 
Testing (H. F. Moore, chairman): 


War conditions have made the holding 
of special section meetings extremely 
difficult, and conditions of war produc- 
tion have, in general, made it undesirable 
to change standards unless a change was 
very urgently needed. These two fac- 
tors account for the'very small amount of 
activity in the sections of the Technical 
Committee on Mechanical Testing. 

Section on Tension Testing (R. L. 
Templin, chairman).—This section has 
during the year received some criticisms 
ig the details of standard tension speci- 
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mens, and a criticism of the determina- 
tion of the yield strength as applied to 
tension tests. These criticisms have 
been referred back to their authors with 
a request for detailed suggestions for 
changes, and such suggesions have not 
yet been received. This section has 
scheduled a meeting to be held during the 
1944 annual Meeting. 

Section on Indentation Hardness (J. R. 
Townsend, chairman).—This section pre- 
pared the Tentative Hardness Conver- 
sion Tables for Steel (Relationship 
Between Diamond Pyramid Hardness, 
Rockwell Hardness, and Brinell Hard- 
ness (E 48-43 T) issued during the 
year, as mentioned earlier in this report. 

An informal meeting held during the 
Metals Congress in Chicago, Ill., on 
October 19, 1943, was arranged by Mr. 
_R.L. Kenyon of members of this section 
and representatives of the Society of 
Automotive Engineers and American 
Society for Metals to consider extending 
the hardness conversion tables to the 
lower ranges. It was the recommenda- 
tion of this meeting that a paper be pre- 
pared covering the available data and 
discussing the conversion problems for 
the softer materials. There is accord- 
ingly being presented at this annual 
meeting a paper by Mr. R. H. Heyer on 
“Factors Affecting Hardness Relation- 
ships in the Range 50 to 250 Brinell.’” 
The data presented in this paper will be 
further considered by the committee at 
a meeting to be held during the Annual 
Meeting. 

Section on Flexure Testing (H. F. 
Clemmer, chairman).—This section has 
endeavored to secure papers on flexure 
testing, but, owing to pressure of war 
work, the authors of the papers have not 
been able to get them ready for presenta- 
— tion at this Annual Meeting. 

Section on Effect of Speed of Testing 


2 See p. 1027. 
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(P. G. McVetty, chairman).—While this 
section has not held a meeting during the 
year, it is hoped that in the not distant 
future steps can be taken toward corre- 
lating the divergent requirements for 
speed of testing now found in A.S.T.M. 
Standards and Tentative Standards. 

The other four sections of the Techni- 
cal Committee on Mechanical Testing 
have been inactive during the past year. 
In two cases this has been on account of 
the pressure of war work, but in the other 
two very little discussion or criticism has 
come up todemand attention. Probably 
this lack of criticism may also be assigned 
to pressure of war work as a cause. 


Technical Committee II on Consistency, 
Plasticity, and Related Properties 
(Eugene C. Bingham, chairman): 


The work of this technical committee 
has been carried on by its several sections 
as noted below. 

Information is being obtained by C. 
E. Kinney on the use of an air bath in 
place of the water or glycerin bath now 
required in the Tentative Method of Test 
for Softening Point (Ball and Shouldered 
Ring Apparatus) (E 28 — 42 T) since ex- 
perience with the method in the testing 
of rosins has shown some variation in re- 
sults for materials having softening points 
in the change-over range around 80 C. 
(176 F.). It is accordingly recommended 
that Method E 28 be continued as tenta- 
tive. 

Section on Industrial Flow Tests (Rob- 
ert Burns, chairman).—This section will 
present a final report at a meeting of the 
technical committee to be held during 
this annual meeting on the studies con- 
ducted at Brooklyn Polytechnic Insti- 
tute on the ring-and-ball softening point 
test. 

Section on Use of Saybolt Furol Vis- 
cosimeter for Asphaltic Materials at High 
Temperatures (J. C. Geniesse, chairman). 
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—This section has under study viscosity 
tests of asphaltic materials at high tem- 
peratures and it is expected that a report 
on this matter will be available within 
the coming year. 

Section on Methods and Apparatus for 
Absolute Viscosity Measurements (W. F. 
Fair, Jr., chairman).—At a meeting of 
this section held during the year an out- 
line was prepared of available methods 
for determining absolute viscosity. It is 
planned to compile the available infor- 
mation for future publication so as to 
make readily available a digest which 
would cover a classification of the various 
viscosimeters, a detailed description of 
the specific absolute viscosimeters, and 
a discussion of the use and applications 
of the various methods. Emphasis will 
be on the practical side and prime con- 
sideration will be given to instruments 
which are readily obtainable or readily 
assembled and which measure the con- 
sistency in absolute units. 

Section on Definitions (R. N. Traxler, 
chairman).—This section has reviewed 
certain comments on the Standard Defi- 
nitions of Terms Relating to Rheological 
Properties of Matter (E 24 — 42) received 
from Committee E-8 on Nomenclature 
and Definitions and will report on them 
at the June meeting. 


Technical Committee III on Particle Size 
and Shape (L. T. Work, chairman): 


The test program on measurement of 
particle size by microscopic methods has 
been delayed because of the war. The 
committee desires to await the comple- 
tion of these studies before making any 
revision in the Tentative Method of Test 
for the Particle Size Distribution of Sub- 
seive Size Particulate Substances (E 20 — 
33T) and it accordingly recommends 
that the method be continued as tenta- 
tive. 


Technical Committee IX on Interpretation : 


and Presentation of Data _ F. Dodge, 
chairman): 


The emphasis on quality con-— 
trol as a result of expanded production 
brought about by the war has accelerated 
the use of statistical methods. In this 
activity the A.S.T.M. Manual on Presen- 


tation of Data has been widely used in | 


the many studies undertaken in the 
interest of improving the quality of 
products. The manual has also been 
used in a number of courses on applica- 
tion of statistics to industrial quality 
control sponsored by the Office of Re- 


Production Board. 


search and Development, of the _ 


Technical Committee X on Conditioning 
and Weathering (Robert Burns, chair- 


man): 


This technical committee has con- 
tinued its cooperative work with other 
standing committees in considering ques- 
tions relating to weathering and condi- 


tioning procedures prescribed in A.S.T.M. 


standards. Nochanges are recommended 
at this time in the Tentative Definitions 
with Procedures Relating to Condition- 
ing and Weathering (E 41-42 T) and 
the Tentative Recommended Practice 
for Characteristics of Standard Carbon 


Arc Accelerated Weathering Unit (E 42 —_ 


42 T), which are accordingly recom-— 
mended for continuation as tentative. _ 


Technical Committee XI on Designation — 


and Interpretation of Numerical Re- 
quirements (J. A. Gann, chairman): 


The Tentative Recommended Prac- | 


tices for Designation of Numerical Re- 


quirements in Standards (E 29-40 T), | 


prepared by this technical committee, is 


being continued as tentative until several 
matters now under consideration have 
been completed. These deal with a 
recommendation on expressions to be 


on 
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used in connection with tolerances or 
permissible variations and the question 
as to what constitutes a reasonable devi- 
ation when the required precision does 
not contain an exact statement of per- 
missible variations. 


Technical Committee XII on Laboratory 
Apparatus (W. H. Fulweiler, chair- 
man): 

The sections of this technical commit- 
tee have assisted other standing com- 
mittees in reviewing recommendations 
for laboratory apparatus. 

Section A on Thermometers (R. M. 
Wilhelm, chairman).—This section com- 
pleted early in the year specifications for 
six new solvents distillation thermome- 
ters which had been requested by Com- 
mittee D-1 on Paint, Varnish, Lacquer 
and Related Products. These were issued 
as tentative and incorporated in the 
Tentative Specifications for A.S.T.M. 
Thermometers (E 1 — 44 T), as mentioned 
earlier in this report. 


Technical Committee XIII on Hydrogen 
Ion Determinations (E. B. Ashcraft, 
chairman): 

This technical committee is sponsoring 
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q 
a round table discussion on hydrogen ion 
determinations to be held at this Annual 
Meeting. At this session a paper will be 
presented by Mr. G. G. Manov on “The 
pH of Some Standard Buffer Solutions 
from 0 to 60 C. and the Calibration of 
Glass Electrode pH Meters.”* Mr. 
Manov will present a brief review of the 
fundamental theory of such measure- 
ments and will describe the methods 
used at the Bureau of Standards to 
measure the pK of acids and the pH of 
buffer solution; also the calibration of 


glass electrode pH meters. 


The present officers of the “iene 
have been re-elected for the ensuing 
term of two years. 


Respectfully submitted on behalf a 
the committee, 


W. H. FULWEILER, 
Chairman. 


P. J. SMITH, 
Ex-officio Secretary. 


*To be published in / AST BULLETIN. 


EpitorRIAL 


Subsequent to the Annual Meeting, Committee E-1 presented to the Society 
through Committee E-10 on Standards a proposed emergency alternate provi- 
sion applying to the low cloud and pour test thermometers in the Standard 
Specifications for A.S.T.M. Thermometers (E 1 - 44). This recommendation 
was accepted by the Standards Committee on November 9, 1944, and the 
emergency provision appears in the 1944 Book of A.S.7.M. Standards, Part 
II and Part III, under the designation EA ~ E 1. 
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A meeting of Committee E-2 on 
Spectrographic Analysis was held on 
June 29, 1943, in Pittsburgh, Pa. 

Nine new members were added to the 
committee during the year, bringing 
the total membership to 84. 

Subsequent to the 1943 Annual Meet- 
ing, Committee E-2 presented to the 
Society through Committee E-10 on 
Standards the following recommenda- 
tions: 


New Tentative Methods of: 


Spectrochemical Analysis of Lead Alloys for 
Impurities (E 49 — 43 T), 

Spectrochemical Analysis of Tin Alloys for 
Impurities (E 51 43 T), 


Revision of Tentative Methods of: 


(Quantitative Spectrochemical Analysis of Zinc 
for Lead, Iron, and Cadmium (E 26 - 35 T), 
and 

(Juantitative Spectrochemical Analysis of Zinc 
Alloy Die Castings for Minor Constituents 
and Impurities (E 27 - 40 T). 


These recommendations were ac- 
cepted' by Committee E-10 on August 
30, 1943, and the new and revised ten- 
tative methods have been published as 
1943 Supplements to A.S.T.M. Methods 
of Chemical Analysis of Metals. 

A Report on “Standard Samples for 
Spectrographic Analysis” has been re- 
vised and edited by W. R. Brode and 


1In submitting these recommendations to Committee 
E-10 on Standards, Committee E-2 reported the follow- 
ing results of the letter ballot vote from a committee 
membership of 71: E 49 and E 51, 46 ballots returned, 
affirmative 31, negative 0, ballots marked ‘‘not voting” 
15; E 26, 54 ballots returned, affirmative 40, negative 1, 
ballots marked “‘not voting”’ 13; E 27, 54 ballots returned, 
affirmative 43, negative 0, ballots marked “not voting” 11. 
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B. F. Scribner for publication by the 
AS.T.M? 

Subcommittee IIT on Quantitative Meth- 
ods and Applications (M. L. Fuller, 
chairman) has been active through its 
groups as follows: 

Group 1 on Copper, Nickel and, 
Their Alloys (P. A. Leichtle, chairman) 
held a meeting in June, 1943, and several 
special meetings were held during the 
year. A high-voltage a-c. arc method 
for the analysis of nickel for manganese, 
silicon, magnesium, and iron is in prep- 
aration. A cooperative analytical test 
of a manganese-bronze sample was suc- 
cessfully completed. The group found 
that there is no single method applicable 
to the analyses of brasses and bronzes. 
There are several well established meth- 
ods, however, and at least one of these 
will be ready for presentation this year. 

Group 2 on Lead, Tin, Antimony, 
Bismuth, and Their Alloys (B. F. 
Scribner, chairman) met in June, 1943, 
at which time consideration was given 
to the preparation of a method alter- 
nate to the Tentative Methods of Spec- 
trochemical Analysis of Tin Alloys for 
Impurities (E 51 — 43 T) and a revision 
of the Tentative Method of Quantitative 
Spectrochemical Analysis of High Grade 
Pig Lead (E 25 — 37 T). 

Group 3 on Aluminum, Magnesium, 
and Their Alloys (H. V. Churchill, 
chairman) met in June, 1943, at which 
time the successful use of spectrographic 
analysis for aluminum and magnesium 
was discussed. Plans were made to 


2 Issued as separate publication, 1944. 
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write these industrial methods for con- 
sideration as A.S.T.M. standards. 

Group 4 on Zinc, Cadmium and Their 
Alloys (M. L. Fuller, chairman) held a 
meeting in June, 1943, at which it was 
decided to publish the method for the 
analysis of cadmium as a recommended 
practice. A spark excitation method 
for the analysis of zinc is now undergoing 
tests among members of the group. 

Group 5 on Ferrous Metals (P. R. 
Irish, chairman) met in June, 1943. A 
survey of spectrographic practice in the 
ferrous industry has been completed. 
This showed a wide variation in details 
of the procedures used and it will be 
necessary to settle some points of differ- 
ence before a standard method can be 
developed. 

Group 6 on Nonmetals (R. H. Bell, 
chairman) held its first meeting in June, 
1943. The group is engaged in making 
a survey of the methods and applica- 
tions of spectrography to nonmetallic 
substances. 

Subcommittee IV on Nomenclature and 


Definitions (J. J. Stumm, chairman) is 


preparing definitions of several impor- 
tant spectroscopic terms. 

Subcommittee V on Standards and Pure 
Materials (T. A. Wright, chairman) held 
a meeting in June, 1943, at which re- 
quirements for standards were discussed. 
Considerable correspondence on stand- 
ards was handled by the subcommittee. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 


Chairman, H. V. Churchill. 


Vice-Chairman, T. A. Wright. 


Secretary, Mary E. Warga. 


This report has been submitted to 
letter ballot of the committee which 
consists of 84 members; 65 members 
returned their ballots, of whom 62 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
H. V. CHURCHILL, 
Chairman. 
B. F. SCRIBNER, 
Secretary. 
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Committee E- 3 on Chemical Analysis 
of Metals held one meeting during the 
year in Pittsburgh, Pa., on June 29, 
1943. Five division and 12 subcom- 
mittee meetings were also held during 
the year. 

Five new members were elected during 
the year, and one resignation accepted, 
bringing the total membership of the 
committee to 79, 

A new edition of the A.S.T.M. Meth- 
ods of Chemical Analysis of Metals was 
published in August, 1943. This edition 
contains 17 standard and tentative meth- 
ods of chemical analysis comprising 
methods for the analysis of irons, steels, 
ferro-alloys copper-base alloys, alumi- 
num and magnesium alloys, zinc, nickel, 
nickel alloys, pig lead, silver solders, lead- 
base alloys, and tin-base alloys. There is 
also included a section on spectrochemi- 
cal methods for pig lead, zinc, and zinc- 
alloy die castings prepared by Commit- 
tee E-2 on Spectrographic Analysis. 

Very commendatory reviews of this 
publication have appeared, and reflect 
credit to the extensive work of many of 
the committee members. This sort of 
work is, however, never completed, and 
the committee is actively at work on a 
revision planned for 1945. 


ACTIVITIES OF DIVISIONS AND 
COMMITTEES 


Division A on Ferrous Metals (Arba 
Thomas, chairman).—A method for the 
determination of sulfur in steels by com- 
bustion has been prepared and will be 


Sub- 
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submitted to the Society for publication . 
as tentative. Work is being continued 
on methods for the determination of — 
aluminum, tin, and boron. 

Division B on Non-Ferrous Metals 
(D. R. Evans, chairman).—A joint com- 
mittee of Committee E-2 on Spectro-— 
graphic Analysis and Committee E-3 or- 
ganized and directed a Symposium on 
Analytical Colorimetry and Photometry,} 
comprising some 20 papers, to which two 
sessions of the Annual Meeting of the — 
Society are devoted. 

Subcommittee B-1 on Copper and Its 
Alloys (R. P. Nevers, chairman) is 
continuing its work on the preparation - 
of methods for special brasses and 
bronzes and has started work on meth-— 
ods for copper-nickel alloys of high- 
copper content. 

Subcommittee B-2 on Lead, Tin, Anti- | 
mony, Bismuth, and Their Alloys (CL 
A. Ray, chairman) has prepared and is | 
now testing methods for the analysis — 
of soft solders and bearing metal alloys. | 


Subcommittee B-5 on Precious Metals 
(R. H. Leach, chairman) has prepared 
several samples of silver solders for use 
in the testing of revised methods for 
such alloys. 

Subcommittee B-7 (Clarence Zischkau, 
chairman) has been organized to cover 
Absorptiometric Procedures. An infor- 
mal symposium on colorimetric pro- 
cedures was held in October, 1943, and 
the committee is collecting and review- 
ing methods for further study. 


1 See pp. 709 to 778 
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Division D on General Analytical 
Methods (B. L. Clarke, chairman). 
This division has reviewed methods for 
the determination of sulfur by combus- 
tion submitted by Division A. 


The following committee officers were 
elected for the ensuing term of two 
years: 

Chairman, G. E. F. Lundell. 

Vice-Chairman, C. B. Francis. 

Vice-Chairman, H. A. Bright. 

Secretary, J. W. Stillman. 


This report has been submitted to 
letter ballot of the committee which 
consists of 79 members; 51 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
G. E. F. Lunbe 
Chairman. 
H, A. BRIGHT, 
Secretary. 
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Committee E-4 on Metallography has 
not met during the year, but several of its 
subcommittees were in session during the 
Spring Group Meetings of the Society, 
held in Cincinnati, Ohio, during the week 
of February 28, 1944, 

The committee has gained several new 
members during the year, the total mem- 
bership at this time being 71. 


REVISION OF TENTATIVE STANDARDS 


The committee recommends that the 
following tentative standards be revised 
as proposed by Subcommittee I and Sub- 
committee IV, respectively: 


Tentative Methods of: 
Preparation of Metallographic Specimens 
(E 3-42 T),! and 
Preparation of Micrographs of Metals and 
Alloys (Including Recommended Practice for 
Photography as Applied to Metallography) 
(E 2-39 T).! 


These recommendations were ap- 
proved by letter ballot vote as follows: 
From a membership of 71, 54 members 
returned their ballots, 42 of whom voted 
affirmatively, 0 negatively, and 12 mem- 
bers marked their ballots “‘not voting” 
with respect to Methods E 3-42 T, and 52 
members voted affirmatively, 0 nega- 
tively, and 9 members marked their 
ballots “not voting” with respect to 
Methods E 2 — 39 T. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Selection and Prep- 
aration of Samples (G. F. Comstock, 


11942 Book of A.S.T.M. Standards, Part I. 


ON 
METALLOGRAPHY 


5 


chairman).—The subcommittee has been 
particularly active, having prepared the 
proposed revisions? in the Tentative 
Methods of Preparation of Metallo- 
graphic Specimens (E3-42T) being 
recommended this year. Particular at- 
tention was paid to the incorporation of 
the latest and best recommendations per- 
taining to the more recent practices in 
electrolytic polishing. 

A paper by P. F. George on “A Nu- 
merical Rating Method for the Routine 
Metallographic Examination of Commer- 
cial Magnesium Alloys,’ which deals 
specifically with the preparation of mag- 
nesium samples, will be presented at this 
Annual Meeting of the Society. 

Subcommittee IV on Photography (L. 
V. Foster, chairman).—The Tentative 
Methods of Preparation of Micrographs 
of Metals and Alloys (Including Recom- 
mended Practice for Photography as 
Applied to Metallography) (E 2-39 T) 
have been reviewed in detail and a num- 
ber of changes, more compatible with 
modern practice and equipment, have 
been incorporated in the proposed revised 
methods.* The changes include the dele- 
tion of Section 4 (c) referring to the form 
of the micrograph as submitted for pub- 
lication, the omission of Table I covering 
recommended magnifications for various 
metals, the addition of a footnote to the 
section on grain size indicating that a 
minimum of 50 grains shall be measured, 


2See p. 525. 

3 ASTM Bu itetin, No, 129, August, 1944, p. 35. 

4 The revised methods were accepted as tentative by 
the Society and appear in the 1944 Book of A.S.T.M. 
Standards, Part I. 
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the omission of the power of the ocular 
to be used in securing standard magnifi- 
cations in Table III, and the addition of 
a reference to amplifiers as an appropri- 
ate ocular for use when magnifications 
_are 250 or higher, also changing the tem- 
perature at which development should 
take place from 65 F. to 68 F. 

In addition, the committee sponsored 
a technical paper by R. P. Loveland, 
Eastman Kodak Co., on “‘Metallography 
in Color,” presented to the Society two 
years ago, which has now been revised 
by the author to include the most recent 
_ developments in photographs and color 
printing. The revised paper, with color 
plates, appears in ASTM Bu ttetin, No. 
128, May, 1944, p. 19. 

Subcommittee VI on X-ray Methods 
(W. L. Fink, chairman).—The principal 
activities of this subcommittee have been 
concerned with the work on powder 
analysis of the Joint Committee on 
Chemical Analysis by X-ray Diffraction 
Methods, and a working agreement has 
been reached whereby an appreciable 
amount of foreign data will be available 
for new reference data. Several pro- 
posed recommended practices are nearing 
completion and it is expected that they 
will be ready for consideration during 
the year. 

Subcommittee VIII on Grain Size (M. 
_ A. Grossman, chairman).—The several 

phases of grain size determination remain 

essentially as they have been during the 
past year. The Tentative Classification 
of Austenite Grain Size in Steels (E19 -— 

39 T) is still proving eminently satisfac- 

tory, and no changes have been sug- 

gested or considered. The recommenda- 
tions for the determination of ferritic 
grain size have been under consideration 
by the responsible subgroup, but because 


REPORT OF COMMITTEE E-4 


of the necessity for an appreciable 
amount of preliminary laboratory work 
this effort has been retarded by the pres- 
sure of present circumstances. 

The grain size standard for non-ferrous 
metals (E 2—39T) has been permitted 
to remain under the jurisdiction of Sub- 
committee IV pending the possibility of 
recommendations from Committee B-5 
on Copper and Copper Alloys as a result 
of the interlaboratory tests which have 
been under way for some time. No ac- 
tion is contemplated at the present time. 

Subcommittee IX on Inclusions (Sam- 
uel Epstein, chairman).—The Tentative 
Recommended Practice for Determining 
Inclusion Content of Steel (E 45 - 42 T) 
has apparently been proving satisfactory, 
inasmuch as no changes have been sug- 
gested. Consequently it is recom- 
mended that it be continued as tentative 
without revision. 


The election of officers for the ensuing 
term of two years was held at the June 
meeting of the committee, as prescribed 
in its by-laws and resulted in the selec- 


tion of the following: 
Chairman, L. L. Wyman. 
Vice-Chairman, R. E. Penrod. 
Secretary, J. J. Bowman. a 
This report has been submitted to letter 
ballot of the committee which consists 
of 71 members; 45 members returned 
their ballots, all of whom voted affirma- 
tively. 


Respectfully submitted on behalf of 
the committee, 
L. L. WyMAn, 
Chairman 
J. J. Bowman, 
Secretary. 
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PROPOSED REVISIONS IN TENTATIVE METHODS OF PREPARATION 


APPENDIX 


OF METALLOGRAPHIC SPECIMENS (E 3 - 42 T)!? 


Section 5.—In line 6, change “‘shall” to 
read “should.” 

Section 6.—In the second paragraph 
under the heading “Cast and Cement- 
Like Mountings,” omit the last eleven 
lines starting with the words “These 
disadvantages of sulfur may be. . .” 

Section 9.—Change the third para- 
graph to read as follows: 

The wiring diagram shown in Fig. 3 is used 
with orthophosphoric acid as the electrolyte. 
The potential across the cell may be varied 
between 1 and 50 v. The glass beaker or dish 
of suitable size and shape forming the cell is 
placed beneath a stand holding a motor stirrer. 
The cathode is a stainless steel dish or sheet 


_5 Ohm Variable 
Rheostat Water Cooled 


Ammeter Voltmeter 
O0-30A. 0-60V 
NF 
__Anode 
ls \ Motor Drive 
a 


Electrolyte 
Woter Gool- 
ing Chamber 


Moin 
Switch 
Woter Inlet 


Fic. 3.—Wiring Diagram—Rotating Anode. 


containing many perforations to permit suitable 
circulation of the electrolyte. Water flows 
through the resistor into the copper-alloy 
electrolyte-cooling tank and overflows into a 
rinsing bath. This apparatus should be as- 
sembled in a permanent fashion with all parts 
insulated or protected except those to be placed 
in the solution. 


‘For explanation of this recommendation see p. 523. 
21942 Book of A.S.T.M. Standards, — 
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Section 10.—In line 5, change “four” 
to read “three.” 

Omit Part (/) entirely. 

Change Part (2) to read as follows: 


(1) Steel—The electrolyte for polishing 
plain carbon and alloy steels is prepared by 
mixing glacial acetic acid and perchloric acid 
(65 per cent) in the proportions of 10 parts 
acetic to 1 part perchloric (Note). There is 
no explosion hazard attendant on mixing these 
acids, and no appreciable heating takes place. 

The arrangement of Fig. 2, or a similar 
apparatus may be used. Since heating is not 
excessive during the polishing operation, the 
cooling bath may be omitted unless many 
specimens are to be polished consecutively. 


Motor Stirrer 
For Electrolyte 
Conducting 


Sample Bridge 


ooling 
Chamber 


Fic. 3a.—Stationary Anode Equipment. 


For satisfactory polishing, the resistance and 
distance from the sample to cathode are ad- 
justed to give a voltmeter reading of 40 to 70 v. 
and an amperage of 1 to 2 amp., or a current 
density of 3 to 6 amp. per sq. dm. Unless the 
entire specimen is to be polished, connection 
may be made by means of an ordinary battery 
clip with the specimen only partially immersed. 
The surface to be polished should be roughly 
parallel to the cathode surface. 


The time of polishing varies with the sample 
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and its preliminary preparation. If the speci- 
men is previously finished to No. 00 abrasive 
paper, the final electrolytic polish may take 
as long as 1 min. However, if the specimen is 
first given a complete metallographic polish, 
the time for electrolytic polishing is less than 15 
sec., stirring is unnecessary, and surface un- 
dulations are avoided. 

Staining and etching from the bath are 
minimized if the specimen is removed while the 
current is on, and is immediately placed in a 
dilute sodium hydroxide solution to neutralize 
the acids. The specimen may then be washed 
and dried in the usual manner. 

Exhaustion of the polishing solution is 
indicated when the voltage drops below about 
40 v. with a corresponding increase in amperage. 
A satisfactory polish may be obtained with a 
solution temperature from 15 to at least 40C. 
The higher temperature range may give better 
results with stainless-type alloys. 

Norte.—Successful results . with many 
varieties of steel specimens are also reported 
with a solution containing as little as 4 parts 
glacial acetic acid to 1 part perchloric acid, 
used after solution of about 0.5 per cent of 
iron or aluminum from dummy anodes and 
aging for 24 hr. The voltage recommended 
with this solution is 27 to 33 v. and the tem- 
perature should be kept below 85F. With 
specimens of 0.1 to 1.0 sq. in. area, the anode 
and cathode should be 3.5 to 2.5 in. apart. 
With specimens ground with No. 1, 0, or 00 
emery paper, and agitated while in the solution, 
the time required for polishing is reported to 
be 1.5 to 4 min. 


Change the number of Part (3) to 
read “(2)” and insert the following 
paragraph immediately after the title: 


For commercial aluminum alloys, the results 
from electrolytic polishing depend upon the 
type of micro-constituents present. Some con- 
stituents are dissolved rapidly; others are not 
dissolved at all during the electrolytic polishing 
process. In heterogeneous alloys, therefore, 
some of the constituents may be dissolved out 
entirely; others may be left standing in relief. 
This prohibits, in some instances, the use of 
electrolytic polishing methods for some cast 
and wrought aluminum alloys. 


Change Part (4) to read as follows: 


(3) Copper and Copper-Zine Alloys.—Speci- 
mens cut on a saw may be filed, or ground on a 
belt grinder with 180 grit cloth, to obtain a 
reasonably smooth surface. The specimens 
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thus prepared are placed on or in a non con- 
ducting stationary or rotating support and 
immersed in dilute orthophosphoric acid elec- 
trolyte with electrical connections as shown in 
Fig. 3. The time and voltage necessary to 
polish and etch the specimen vary with the 
concentration of the electrolyte. For polishing, 
the time required also depends upon the smooth- 
ness of the surface of the specimen. The anode 
current density ranges from about 5 to 20 amp. 
per sq. in. and the voltage from about 15 to 35 
v. for the polishing operation. The time ranges 
from about 30 sec. to 2 min. depending upon 
the surface roughness of the original specimen, 

Etching may be accomplished without re- 
moving the specimen from the electrolyte; 
simply adjust the variable resistor to give from 
2 to 8 v. 

The essential range of concentration of 
orthophosphoric acid is indicated in the follow- 
ing table: 


Specific 


Deg Percentage 
Gravity 
Baumé at 20/4 C. 
Minimum......... 3.5 1.025 5 
Maximum......... 10.3 1.075 14 
Preferred......... 5.8 1.042 8 


The approximate range of time and voltage 
employed for copper and for four alloys shown 
in the following table: 


Inlic | 
I olish- Preferred Etching Preferred 
Renee Ti Range, 
4 .|Time, Vv. ime, 
Vv. Volts Volts 
Cartridge 
brass 20-35 30 60 3to8 5 15 
Free-cutting 
brass.....| 20-35 25 45 2 to 5 3 10 
Admiralty 
metai 20-35 25 60 3 to6 5 15 
Copper 15-30 20 45 1 to4 3 10 
Gilding. . 15 35 25 oO | 6to8 7 7 


The arrangement advisable for the rotating 
anode is shown in Fig. 3. ‘This equipment was 
designed for use with samples of uniform size 
and shape such as sections of cartridge case 
cups, tubes, etc. The cathode is a perforated 
stainless steel dish with connecting strip. The 
anode consists of a cloth-laminated plastic block 
machined to form four recesses for sample inser- 
tion, stainless steel springs and rods to secure 
samples and conduct current thereto from the 
rod which enters the chuck of the motor stirrer. 
The current is passed through the housing of the 
motor to the chuck and thence to the samples. 
The samples are rotated at slow speed in the 
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n- electrolyte during the polishing and etching Section 14.—Change the last sentence _ 
nd operations. to read as follows: 
Cc. A cathode and anode suitable for use in oes 


in polishing and etching samples of irregular size Some very interesting series of photomicro- = 
to and shape are shown a Fig. 3, wherein the graphs have been published in connection with 
he anode is stationary. The cathode | ‘ ig. = (6) the diagram given in Fig. 5, and (123) the 
ag, consists of a perforated sheet of stainlesssteel jnicrostructure of 24S alloy. 
th- with connecting strip mounted on four pheno- 
de lite legs. A cloth-laminated plastic skeleton Tables IIT, IV, V, VI, VI, aie i 
ap. platform or bridge is fastened on top of the YT 1 XIT—Chz ao if 
35 stainless steel. Two specimens are placed on the footnote 
ges the bridge forming the anode. A glass paddle is Teference after the heading ‘“Composi- 
— placed in the center to agitate the electrolyte tion’ from “3” to “4” and repeat foot- 
en, and : wooden eee vp 4) is wired in- note “4,” as given for Table IT, under 
re- terna y to carry the current froma contact em- each of these tables. 
rte: bedded in the table top to the anode (samples). . 
Section 23,—Change the second 
column, second line to read as follows: 
of “...deep etching (15 per cent H,SO, 
ow- works... .” 
In line 20, insert after “. . . purchased 
(46).” The following sentence “A de- 
begs tailed description of this method as 
applied to the macroscopic determination 
Cathode i Conducting Bridge is given in the Tentative Recommended 
» Practice for Determining The Inclusion 
—- TOP VIEW Content of Steel (A.S.T.M. Designation: 
tage Fic. 4.—Conducting Bridge and Cathode for E 45).’” 
own Stationary Anode. Section 24.—At the end of this section 
Although specimens appear to polish and add the following paragraph: 
etch satisfactorily in the more concentrated ous : 
rred solutions of orthophosphoric acid, many minute The polishing of cast iron specimens in which 
— blemishes are discovered when specimens are graphite is to be studied, and of steel specimens 
~ examined under the microscope. Dilutions of | to be studied in the etched condition, should 
oe the electrolyte and agitation thereof bring usually not be considered finished until the 
about a reduction of the number and the size specimens have been etched and repolished a 
15 of the blemishes. number of times to remove the surface layers 
10 A rough surface requires a longer time of | that have been disturbed by the previous stages 
4s electropolishing to remove the saw marks and of polishing (51). Care may be required to 
10 to produce a surface suitable for etching. If, avoid pitting of inclusions, however, if this 
j however, the specimen is ground on emery process is repeated too often. Recommended 
a cloth or on a belt having about 180 grit, the procedures for polishing microsections of cast 
tating electro-polishing time is cut to about 60 sec. iron have been described in detail in several 
1t was The extent of the contrast produced during publications (82, 124, 125). 
n size the etching operation is governed by the time oma ; . 
. case employed: specimens suitable for examination Section 25.--At the end of this section 
orated at higher magnifications require a shorter add to the last sentence the following: 
Be a From 5 to 20 sec. usually are «and two other recommended methods 
, inser- Table I1.—Add the following data at the Fé given in the Tentative Recommended 
ome bottom of this Table: Practice for Determining the Inclusion 
ym the 
stirrer. Etching Reagent Composition Remarks Use 
dow | (| NaOH............... 1g. | Immerse specimen for 3 to 5 | This method is used for 
umples. (errr | min. until etched surface revealing the microstruc- 
in the oe WN hicatesscomacae 94 ml.| becomes coated with heavy tures of the hard rolled 
N —s black deposit. Remove de- and annealed tempers of 
No. 10 Bossert’s etch... . Add to this solution 4 ml. of posit by immersion in con- duralumin-type alloys 
a solution containing 0.5 centratednitricacid. Wash} (123). 
per, of ZnCl: with water. 
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4 Element 


Al (Mgi7Alh) 
massive......... 
precipitated 


Zn (MgZn2) 
massive. 
precipitated 


(Mg-Al-Zn) 
massive....... 
precipitated... 


Cd* 
Si (Mg,Si) 


Sn (MgSn) 


Cu (Mg2Cu) 
Ni (Mg:Ni) | 


TABLE VII.—ETCHING REAGENTS FOR MAGNESIUM AND ITS ALLOYS. oe 
Etching Reagent Composition | Remarks | Use 
No.1. Acetic Acid......... 10 per cent aqueous solution Swab with cotton for % | Macroetching. 
to 3 min. 
No. 2. Tartaric Acid...... | 10 per cent aqueous solution Immerse polished face | Macroetching flowlines 
up. in forgings. 
6 per cent picric acid in 95 per Immerse polished face | Macroetching for grain 
No. 3. Acetic-picral... cent ethano ; 100 ml. up. Makeetchant up size in solution heat 
Glacial acetic acid.......... 10 ml fresh just before us- treated castings. Mi- 
ing croetching for AS. 
T.M. No. 18X sheet 
alloy. 
Bthylene or See text General etchant, excel- 
ene a is 75 parts by vol. lent for alloys in the 
No. 4. Glycol etchant.....4| Distillec water 24 parts by vol. aged condition. 
Concentrated 
ee 1 part by vol. 
Swab with cotton or | All wrought alloys and 
. & parts by vel immerse 2 to 15 sec. heat 
P : istilled water. . 19 parts by vol. |, cast alloys. so 
No. 5. Acetic-glycol....... Glacial acetic acid.. 20 parts by vol. good for Mg-Mn 
Concentrated alloys. 
HNO:;.. .... 1 part by vol. 
_ ok, Mere Ethyl alcohol (95 per cent). 100 ml. Immerse face up until | For extreme contrast 
No. 6. Phospho- picral. . 4g. stained. between compounds 
Orthophosphoric acid...... 0.7 ml. and solid solution 


Detection Unetched Etched with Glycol-Etchant 
Agoresi- 
Condition | Minutes, Shape Color Shape Color 
per cent 
Etched 2.0 Filigreed network” White 
Etched areca Lamellar or fine part- | Appears dark at low 
icles. power. 
Etched 1.5 Filigreed network” White 
Etched serie Fine particles Appears dark at low 
power. 
Etched 2.0 Massive” White 
Etched ene Lamellars or fine part-| Appears dark 
icles power. 
Unetched is a Bluish | Angular | Bluish-gray 
or etched 0.5 Angular Gray 
Unetched 0.03 Plates cr | Light | Angular plates or script; Blue 
or etched script blue — 
Etched 4.0 | Network Blue | Filigreed or massive | Brown, dark blue, pur- 
network ° ple 
Etched 0.5 Globular or network®> White 
Etched 0.5 | Globular or network? ‘| White 


ing jBenerally visible 
Outlined. 

Depending on 

4 Mn constituent 


* Cadmium is completely ~ in solid magnesium and its alloys. 


when etch 


oncentration. 
very hard and polishes in relief. 


resolved at 250X or more. : 
* Usually shows coring around constituent. 


No constituent visible under microscope. Cor- 


Usually appears as pits at low magnification and particles are 
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Content of Steel (A.S.T.M. Designation: 
E 45).2 An excellent discussion of 
inclusions in cast iron from the metallo- 
graphic viewpoint has been published 
by Morrogh (125).” 

Section 26.—In the third paragraph 
change last sentence to read as follows: 
“Alternate polishing and etching are 
very often required, especially for high- 
alloy steels, in order to obtain a correct 
development of the microstructure (56, 
98, 124).” 

Section 30.—Omit this section and 
substitute the following: 


MAGNESIUM AND Its ALLOys. 
133, 134) 


30. Preparation of Specimens—In general, 
the preparation of magnesium and magnesium 
alloy specimens is similar to the preparation of 
aluminum specimens. Sulfur or any of the 
plastic mounting materials can be used for 
mounting specimens too small to handle. 
Wood’s metal or other metallic mounting 
materials should not be used because of galvanic 
attack at the point of contact when etched. 
The procedure described in the following 
paragraphs is recommended for developing the 
best results with magnesium but is not neces- 
sarily the only satisfactory method. 

As in the preparation of aluminum specimens, 
a plane surface can be secured with a micro- 
tome; otherwise, grinding successively on aloxite 
cloths Nos. 50, 150, and 320 is recommended. 
The grinding is then finished by successive use 
of Nos. 0 and 000 metallographic emery paper. 
For convenience, the abrasive cloths or papers 
may be mounted on disks rotating at 800 to 
1200 rpm. and the grnding on the No. 000 paper 
may be eliminated. 

Polishing is carried out in two stages. The 
rough polishing is done on “Vel-chamee’”’’ cloths 
mounted on disks rotating at 500 to 600 rpm. 
The abrasive used on this wheel is a distilled 
water suspension of No. 600 alundum. Only 
enough water is used to prevent seizure of the 
specimen. The fine polishing is accomplished 
on a velvet-covered or “Vel-chamee’’® covered 
disk rotating at 100 and 400 rpm. and moistened 
with a suspension of specially levigated alumina 
(Note). Seizure is prevented by using a small 
amount of filtered liquid soap on the wheel. 
After polishing the specimen is rinsed in water, 
then in acetone or alcohol, and dried in a blast 
of warm air. 


(63, 64, 131, 132, 


* This material available from John Ritzenthaler, 76 
Franklin St., New York, N. Y. 
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Note.—The specially levigated alumina 
recommended for fine polishing can be easily 
prepared by placing 150 g. of the best commer- 
cial levigated alumina and 2 liters of 0.001 NV 
NaOH in a 4-] bottle and agitating (by a stream 
of compressed air) for 30 min. Two more 
liters of the 0.001 N NaOH are then added and 
the mixture shaken thoroughly. After standing 
14 hr., the upper 3 in. of supernatant liquor is 
carefully siphoned off, yielding the solution for — 
fine polishing. Additional }-in. portions may 
be taken 14 hr. after each shaking. 


Section 31.—Omit this Section and 
substitute the following: 


31. Etching Reagents~-In Table VII are 
given the etching reagents commonly recom- 
mended for magnesium and its alloys. 

Note.—The glycol etchant is suitable for 
almost all magnesium alloys in use today. Its 
virtue lies in its ability to reveal and outline the 
constituents without pitting or roughening. 
The technique of etching is as follows: Hold the 
specimen, polished face up, and immerse into 
the etchant with a sliding motion. Move the 
specimen back and forth during the time of 
immersion which will vary in time from 3 sec. 
on aged specimens to 1 min. on some solid 
solution alloys. Remove specimen and plunge 
in a stream of running water then in acetone or 
alcohol and dry in a blast of warm air. 


Section 32.—Omit this Section and 
substitute the following: 


32. Examination and Identification of Con- 
stituents.—As is suggested in the description of 
etchants (Table VII), visual or low-power 
macroexamination is usually made on specimens 
etched for 4 to 3 min. in reagents Nos. 1, 2 and 
3. For such examination the etching is deep 
and the polishing need not be as carefully done 
as is necessary for microexamination, where 
etching is usually done in dilute acids and for 
short times in order to secure the necessary 
detail and avoid coring. Although the etchants 
shown in Table VII are the ones most commonly 
employed, numerous acids both organic and 
inorganic have been used with success. In all 
cases, etched specimens should be rinsed in 
running water, then in acetone or alcohol, and 
dried in a blast of warm air. 

Table VIII outlines a method for identifying 
metallic constituents in sand cast materials 
when viewed through a microscope using an 
Eastman No. 78A filter. In the wrought alloys 
the identification differs slightly, chiefly because 
of the increased solubility of certain constituents 
and because of spheroidizing and breaking up of 
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constituents by heat treating or plastic de- 
formation. The table indicates the condition 
(etched or unetched) under which the constituent 
is best identified, the minimum amount which 
can readily be detected, and the usual appear- 
ance. Many of the constituents appear in a 
globular form when present in small amounts 
but take a network form when larger amounts 
are involved. ‘This change may occur with a 
difference of a few tenths per cent for some of 
the elements, or it may require a change of as 
much as 10 per cent for development. 


Section 37.—Add the following at the 
end of this section: 


The preparation of cross-sections of tin- 
plate so as to show, with the microscope, the 
tin coating and its structure, requires very 
careful polishing and support of the edge of the 
specimen. Bakelite lacquer with cellophane 
has been found to afford satisfactory edge sup- 
port, and polishing with alumina on broadcloth 
and velvet has given good results. (129) 


Table X7.—Omit etching reagent No. 
6, and substitute the following: 


No. 6. Acid | FeCl; 2 g. Alternate | For block 
ferric | HCl. 5 ml. polish tin (129) 
chloride | HO. 30 ml. and 

Ethyl etch. 
Alcohol. .. .60 ml.| 

No. 7. HNO; 1 drop | Etch for1 | For the tin 
Nitricand| HF..... 2drops | min. at coating 
hydrofluo-| Glycer- 70 to 80 on tin- 
ric acids | ine..... 25 ml. F. plate 
in glycer- (129) 
ine 


Change the present etching agent No. 7 
to No. 8. 

Table XII.—Add the following reagent 
for zinc and its alloys: 


No. 4. HNO; | Apply like | For show- 
Dilute | (Concen- | stronger ing the 
(0.5 per | trated) idrop | Nitalfor| zinc-iron 
cent Alcohol etching |; alloys in 
nitric (95 per steel. galva- 
acid cent) 10 ml. Should nized 
(Nital). | or be used | __ steel or 
(126). | HNOs within iron. 
on (Concen- one hr. (127), 

trated)... 3 drops after (128). 
myl mixing. 
alcohol. . .50 ml. 


Section 39.—Add the following at the 
end of this section: 
An improved method of preparation of : peci- 


mens of galvanized iron or steel, involving the 
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use of levigated alumina in water with a few 
drops of triethanol amine added to keep the pH 
value between 7 and 7.6, has been described 
and is recommended. (128) 


References.—-Add_ to reference (51) 
page number “170.” 
Add the following new references: 


(123) F. Keller and R. A. Bossert, “Revealing 
the Microstructure of 24S Alloy,” Metal 
Progress, January, 1942, P. 63. 

(124) “Suggested Procedures for Polishing 
Microsections of Cast Iron,” Appendix 
to Tentative Recommended Practice for 
Evaluating the Microstructure of Graph- 
ite in Gray Iron (A 247-41T), 1942 
Book of A.S.T.M. Standards, Part I, 
p. 1083. 

(125) H. Morrogh, “The Metallography of 
Inclusions in Cast Iron and Pig Irons,” 
Journal, Iron and Steel Inst., Vol. 143, 
No. 1, 207 P. (1941). 

(126) W. Arthur and W. H. Walker, “Struc- 
ture of Galvanized Iron,” Transactions, 
Am. Inst. Metals, Vol. 6, p. 82 (1912). 

(127) G. F. Comstock, ““Mechanism of Peeling 
of a Zinc Coating,” Metal Progress, 
August, 1937, p. 163. 

(128) D. H. Rowland and O. E. Romig, ‘The 
Metallography of Galvanized Sheet Steel 
Using a Specially Prepared Polishing 
Medium with Controlled pH,” Transac- 
tions, Am. Soc. Metals, Vol. 31, Decem- 
ber, 1943, p. 980. 

(129) Romig and Rowland, “Metallography of 
Tin and Tin Coatings on Steel,’ Metals 
and Alloys, Vol. 13, April, 1941, p. 436. 

(130) I. A. Hauser, “Electrolytic Polishing of 
Metallographic Specimens,” Iron Age, 
Vol. 153, January 20th, 1944, p. 48. 

(131) H. B. Pulsifer, “Magnesium—Its Etching 
and Structure,” Transactions, Am. Inst. 
Mining and Metallurgical Engrs., Vol. 
78, p. 461 (1928). 

(132) H. Vosskuhler, “The Technology of 
Magnesium and its Alloys,” (1940). 
F. A. Hughes and Co., Abbey House, 
London, N. W. 1, England. 

(133) J. B. Hess and P. F. George, “The 
Metallography of Commercial Magnesium 
Alloys,” Transactions, Am. Soc. Metals, 
Vol. 31, p. 423 (1943). 

(134) P. F. George, “A Metallographic Rating 
Method of Commercial Magnesium Al- 
loys,” Preprint No. 33, 1944. For 1944 
Annual Meeting, Am. Soc. Testing Mats., 
New York, N. Y., June 26-30. 
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REPORT OF COMMITTEE E-8 
ON 

NOMENCLATURE AND DEFINITIONS 


Committee E-8 on Nomenclature and 
Definitions held a meeting in Pittsburgh, 
Pa., on June 29, 1943, during the Annual 
Meeting of the Society. 

The terms of M. E. Holmes and G., B. 
Waterhouse on the E-8 Advisory Com- 
mittee expired last year. Mr. Water- 
house has been reappointed by the Exec- 
utive Committee of the Society for a 
term of three years and J. W. McBurney 
of the National Bureau of Standards 
has been appointed as a new member. 

The following definitions prepared 
by other commitees of the Society have 
been reviewed by Committee E-8 during 
the year: 


Tentative Definitions of: 


Terms “Magnetic Particle Method” and ‘“‘Ap- 
parent Power” published as a tentative re- 
vision of the Standard Definitions of Terms, 
with Units and Symbols, Relating to Magnetic 
Testing (A 127-41), prepared by Com- 
mittee A-6 on Magnetic Properties, 

Terms “Askarel” and “Specific Gravity of 
Askarel,” incorporated in the Proposed Meth- 
ods of Testing Askarels, prepared by Com- 
mittee D-9 on Electrical Insulating Materials, 

Terms Relating to Textile Materials (D 123 - 
43T), prepared by Committee D-13 on 
Textile Materials, 

Terms Relating to Soaps and Other Detergents 
(D 459 —- 43 T), prepared by Committee D-12 
on Soaps and Other Detergents, 

Terms “Neutralization Number,” “Strong-Acid 
Neutralization Number,” “Base Neutraliza- 
tion Number,” and “Strong-Base Neutraliza- 
tion Number,” incorporated in the Tentative 
Method of Test for Neutralization Number of 
Petroleum Products by Color-Indicator Titra- 
tion (D 633-42 T), prepared by Committee 
D-2 on Petroleum Products and Lubricants, 

Terms “Fatigue,” “Fatigue Stregth,” “Mean 
Stress,” and “Fatigue Ratio,” incorporated 


in the Tentative Method of Test for Repeated 
Flexural Stress (Fatigue) of Plastics (D 671 -_ 
42T), prepared by Committee D-20 on 
Plastics, and 

Term “Shear Strength,” incorporated in the 
Tentative Method of Test for Shear Strength 
of Plastics (D732-43T), prepared by 
Committee D-20. 


This review resulted in a number of 
comments and suggestions concerning 
the various definitions which have been 
brought to the attention of the respon- _ 
sible committees. 

There has been increased interest on 
the part of a number of committees in 
establishing definitions for terms cover- 
ing materials in their particular field 
of activity as is evidenced by the follow- 
ing new and revised definitions being — 
presented to the Society at this Annual 
Meeting for publication as tentative: 


with Symbols, Relating to Magnetic Testing, 
prepared by Committee A-6 on Magnetic 
Properties, 

Definition of “Air-Entraining Portland Ce- 
ment,” incorporated in the proposed revision 
of the Tentative Specifications for Air-Entrain- 
ing Portland Cement for Concrete Pavements — 
(C175-42T), prepared by Committee C-1 
on Cement, 

Proposed ‘Tentative Symbols for Heat 
Transmission, prepared by Committee C-8 on 
Refractories, 

Definition of “Daylight 45 deg., 0 deg. 
Apparent Reflectance,” incorporated in the 
Proposed Tentative Method of Test for Day-— 
light 45 Degree, 0 Degree Apparent Reflection 
of Paint Finishes,” prepared by Committee D-1 
on Paint, Varnish, Lacquer, and Related 
Products, 

Definition of “Flaking,” incorporated in the 
Proposed Tentative Method of Evaluating 
Degree of Flaking (Scaling) of Exterior Paints 


Proposed Tentative Definitions of sting, 
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of the Linseed-Oil Type, prepared by Com- 
mittee D-1, 

Definition of “Bursting Strength,” incorpor- 
ated in the Proposed Tentative Method of Test 
for Bursting Strength of Paper, prepared by 
Committee D-6 on Paper and Paper Products, 

Definition of “Water Vapor Permeability,” 
incorporated in the Proposed Tentative Method 
of Test for Water Vapor Permeability of Paper 
and Paperboard, prepared by Committee D-6, 

Proposed revision of the Tentative Definitions 
of Terms Relating to Soaps and Other Deter- 
gents (D 459-43 T), prepared by Committee 
D-12 on Soaps and Other Detergents, and 

Proposed revision of the Tentative Defini- 
tions of Terms Relating to Textile Materials 
(D 123-43 T), prepared by Committee D-13 
on Textile Materials. 


In addition to the above, Committee 
D-13 is presenting to the Society at this 
Annual Meeting an extensive revision 
and rearrangement of the Standard 
Definitions of Terms Relating to Textile 
Materials (D 123-42). These revised 
definitions and those listed above will 
be reviewed by Committee E-8 during 
the year. 

The report of Committee D-17 on 
Naval Stores, being submitted at this 
Annual Meeting, contains Proposed Def- 
initions of Terms Relating to Tall Oil 
which will also be reviewed during the 
year. 

Committee C-9 on Concrete and 
Concrete Aggregates is recommending 


for adoption as standard this year defini- 
tions of the following terms appearing in 
the Tentative Definitions of Terms 
Relating to Concrete and Concrete 
Aggregates (C 125-427): Blast-Fur- 
nace Slag, Crushed Gravel, Elongated 
Piece, Flat Piece, and Water-Cement 
Ratio. These definitions have been 
reviewed by the members of the E-8 
Subcommittee on Sand and Aggregate 
(Cloyd M. Chapman, chairman). Sug- 
gestions concerning one or two of the 
definitions have been received and are 
being discussed with Committee C-9. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, P. V. Faragher. 

Vice-Chairman, R. P. Anderson. 


This report has been submitted to 
letter ballot of the committee which 
consists of 50 members; 45 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
CLoyp M. CHAPMAN, 
Chairman. 
R. E. HEss, 
Ex-officio Secretary. 
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REPORT OF COMMITTEE E-10 


As will be noted from this report, the 
number of recommendations submitted 
to Committee E-10 on Standards for 
action during the year was exceptionally 
large. In accordance with the emer- 
gency procedure! all recommendations 
covering the establishment of emergency 
alternate provisions to A.S.T.M. stand- 
ards or complete emergency standards 
must be approved by Committee E-10. 
The standing committees also have 
submitted to Committee E-10 quite a 
few recommendations with respect to the 
publication of new tentative standards, 
revisions of tentative standards, or ten- 
tative revisions of standards. 

Several emergency standards issued 
during the year have proved to be of 
permanent value and they are accord- 
ingly being recommended by the re- 
sponsible standing committees for pub- 
lication as tentative; in fact, some have 
already been changed from the emer- 
gency to regular status. Likewise some 
of the emergency provisions are being 
incorporated in the standards them- 
selves rather than having them appear as 
emergency alternates. 

Only one meeting of the committee 
was held during the year, much of its 
work having been handled by corre- 
spondence. At that meeting, held in 
Philadelphia, Pa., on August 30, 1943, 
H. S. Vassar was elected chairman of 
Committee E-10 to serve until June, 
1944. The membership on Committee 
E-10 of J. R. Townsend and N. L. 
Mochel expired last year. The Execu- 
tive Committee reappointed Mr. Mochel 


1 The complete emergency is set forth in the 
1943 A.S.T.M. Year Book, p. 3 
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and appointed L. B. Jones of The Penn- 
sylvania Railroad Co. to serve as 

members of Committee E-10 for a three- 
year term, expiring in 1946. 


REVIEW OF A.S.T.M. STANDARDIZATION 
ACTIVITIES 


A summary of new and revised ten- 
tative standards submitted at the 1943 
Annual Meeting was included in the 
August issue of the ASTM Buttetin 
together with a review of standard- 
ization work of the various commit- 
tees, with statements concerning new 
standards in prospect. Much of the 
information, particularly with respect to 
standardization projects under develop- 
ment in committees, is furnished by the 
standing committees subsequent to the 
Annual Meeting and takes advantage of 
the fact that many committees plan 
their next year’s work at committee 
meetings held during the Annual 
Meeting. 

At the present time, it is possible to 
make only a preliminary estimate, in 
terms of new and revised standards, of 
the volume of standardization work 
accomplished during the year which 
will be reported to the Society at this 
meeting. The reports of standing com- 
mittees to be presented at the Annual 
Meeting include recommendations to the 
Society substantially as follows: 


New tentative standards. ........ 54 
Revisions of tentative standards.. 103 
Tentative standards adopted as 
70 
Tentative revisions of standards... 25 
Revisions of standards recom- 
mended for adoption as standard 58 
Standards and tentative standards 
withdrawn or replaced ......... 9 
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There are at present 738 standards and 
435 tentative standards of the Society, 
making a total of 1173, and if the above 
recommendations are approved, 
total will become 1223. 


_ PROMOTION AND EXPANSION OF 

STANDARDIZATION ACTIVITIES 
ad 

The already extensive field of activities 
of the Society, on the recommendation 
of Committee E-10, have been expanded 
by the formation of two new standing 
committees—on  industrialy aromatic 
hydrocarbons and metal powders and 
metal powder products—as authorized 
by the Executive Committee. 

The Committee on Industrial Aro- 
matic Hydrocarbons, which has been 
designated as Committee D-16, held its 
organization meeting on October 26, 
1943, at which time the following scope 
of activities was agreed upon: ‘‘Nomen- 
clature, methods of test, and specifica- 
tions for industrial aromatic hydro- 
carbons and related products boiling 
below 400 F. for other than fuel 
purposes.” J. M. Weiss, Consulting 
Chemical Engineer, was selected as 
temporary chairman, C. A. Lunn, Con- 
solidated Edison Co., as temporary 
vice-chairman, and R. P. Anderson, 
American Petroleum Institute, as tem- 
porary secretary. An announcement 
with respect to the formation of this 
committee including the personnel and 
subcommittee structure appeared in the 
December, 1943, issue of the ASTM 
Additional information is 
given in the report of the committee 
being presented to the Society at this 
Annual Meeting.” 

As announced in the March, 1944, 
issue of the ASTM Buttetin, Com- 
mittee B-9 on Metal Powders and 
Metal Powder Products held its organi- 
zation meeting on February 22, 1944, 


2See p. 490. 


at which time W. A. Reich of General 
Electric Co. was elected chairman and 
W. R. Toeplitz of Bound Brook Oil-Less 
Bearing Co. was elected secretary. The 
following scope of activities was agreed 
upon: ‘The formulation of specifications 
and methods of test for metal powders 
and metal powder products.” This 
committee is also reporting to the 
Society at this Annual Meeting.* 

On the recommendation of Committee 
K-10, the Executive Committee has also 
authorized the appointment of a new 
standing committee on adhesives with 
the following scope: ‘The formulation 
of specifications, methods of test, and 
definitions of terms pertaining to adhe- 
sives, including animal, vegetable, miner- 
al, and synthetic types.” T. R. Truax 
of the U. S. Forest Products Lab- 
oratory is serving as temporary chairman 
to effect organization. It is expected 
that an organization meeting at Society 
Headquarters will be held shortly. 

There have been no further develop- 
ments with respect to the proposal that 
the Society: undertake standardization 
work in the field of porcelain enamels. 


CONSIDERATION OF NEW AND REVISED 
STANDARDS 


Proposed new standards accepted by 
Committee E-10 and published as tenta- 
tive during the year are as follows: 


Tentative Specifications 


Corrosion-Resisting Chromium Steel Clad Plate, 
Sheet, and Strip (A 263 - 43 T), submitted by 
Committee A-10 on Iron-Chromium, Iron- 
Chromium-Nickel and Related Alloys, 

Corrosion-Resisting Chromium-Nickel Steel 
Clad Plate, Sheet, and Strip (A 264-43 T), 
submitted by Committee A-10, 

Nickel and Nickel-Base Alloy Clad Steel Plate 
(A 265 - 43 T), submitted by Committee A-10, 

Carbon-Steel Seamless Drum Forgings (A 266 - 
43 T), submitted by Committee A-1 on Steel, 


3 See p. 292. 
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= On STANDARDS 


Copper Bus Bars, Rods, and Shapes (B 187 - 
44 T), submitted by Committee B-5 on Copper 
and Copper Alloys, Cast and Wrought, 

Copper Bus Pipes and Tubes (B 188 - 44 T) 
submitted by Committee B-5, 

Red and Brown Iron Oxide Pigments (D 84 - 
43 T), submitted by Committee D-1 on Paint, 
Varnish, Lacquer, and Related Products, 

Methy] Ethyl Ketone (D 740 - 43 T), submitted 
by Committee D-1, 

Nonrigid Vinyl Chloride-Acetate Plastics 
(D 742 - 43 T), submitted by Committee D-20 
on Plastics, 

Nonrigid Ethyl Cellulose Plastics (D 743 - 
43 T), submitted by Committee D-20, 

Nonrigid Vinyl Chloride Plastics (D744- 
43 T), submitted by Committee D-20, 

Nonrigid Vinyl Butyral Plastics (D 745 - 43 T), 
submitted by Committee D-20, 

Natural Block Mica and Mica Films Suitable 
for Use in Fixed Mica-Dielectric Capacitors 
(D 748 - 43 T), submitted by Committee D-9 
on Electrical Insulating Materials, 

Chloroprene Sheath Compound for Electrical 
Insulated Cords and Cables (D 752-43 T), 
submitted by Committee D-11 on Rubber 
Products, 

Chloroprene Sheath Compound for Electrical In- 
sulated Cords and Cables Where Extreme 
Abrasion Resistance is Not Required (D 753 — 
43 T), submitted by Committee D-11, 

Insulated Wire and Cable: Heat-Resisting Syn- 


thetic Rubber Compound (D 754-43 T), 


submitted by Committee D-11, 

Insulated Wire and Cable: Performance Syn- 
thetic Rubber Compound (D 755 - 43 T), sub- 
mitted by Committee D-11, 

Enclosures for Small Testing Machines for Tests 
at Subnormal and Supernormal Temperatures 
of Electrical Insulating Materials and Plastics 
(D 760 - 44 T), submitted jointly by Commit- 
tee D-9 and Committee D-20, 

Servicing Units for Tests at Subnormal and 
Supernormal Temperatures of Electrical In- 
sulating Materials and Plastics (D 761 - 44 T), 
submitted jointly by Committee D-9 and 
Committee D-20, 


Tentative Methods of: 


Measuring Dimensions of Rigid Rods Used in 
Electrical Insulation (D 741-437), sub- 
mitted by Committee D-9 on Electrical Insu- 
lating Materials, 

Test for Brittleness of Nonrigid Plastics (D 746 - 
43 T), submitted by Committee D-20 on 
Plastics, 

Test for Stiffness in Flexure of Nonrigid Plastics 
(D 747-43 T), submitted by Committee 


D-20, 
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Calibrating a Light Source Used for Accelerating 
the Deterioration of Rubber (D 749 - 43 T), 
submitted by Committee D-11 on Rubber 
Products, 

Test for Resistance to Accelerated Light Aging 
of Rubber Compounds (D 750-43 T), sub- 
mitted by Committee D-11, 

Testing Rubber-Coated Fabrics (D 751 - 43 T), 
submitted by Committee D-11, 

Test for Resistance of Plastics to Accelerated 
Service Conditions (D 756 — 44 T), submitted 
by Committee D-20, 

Test for Flammability of Plastics, Self-Extin- 
guishing Type (D 757 - 44 T), submitted by 
Committee D-20, 

Test for Tensile Strength and Compressive 
Strength of Plastics at Subnormal and Super- 
normal Temperatures (D 759-44 T), sub- 
mitted by Committee D-20, 

Spectrochemical Analysis of Lead Alloys for 
Impurities (E 49 - 43 T), submitted by Com- 
mittee E-2 on Spectrograpic Analysis, 

Spectrochemical Analysis of Tin Alloys for Im- 
purities (E51-43T), submitted by Com- 
mittee 


Tentative Recommended Practice for: 


Impact Strength Tests of Plastics at Subnormal 
and Supernormal Temperatures (D 758-44 T), 
submitted by Committee D-20 on Plastics, and 

Tentative Hardness Conversion Tables for Steel 
(Relationship Between Diamond Pyramid 
Hardness, Rockwell Hardness, and Brinell 
Hardness) (E 48-43 T), submitted by Com- 
mittee E-1 on Methods of Testing. 


Revisions of the following tentative 
standards and tentative revisions of 
standards were accepted by Committee 
E-10 during the year: _- 


Tentative Specifications for: 


Iron and Steel Arc-Welding Electrodes (A 233 - 
43 T), submitted by the Joint A.W.S.-A.S. 
T.M. Committee on Filler Metal, 

Ready-Mixed Concrete (C94-43T), sub- 
mitted by Committee C-9 on Concrete and 
Concrete Aggregates, 

Orange Shellac and Other Lacs (D 237 - 43 T), 
submitted by Committee D-1 on Paint, 
Varnish, Lacquer, and Related Products, 

Tar (D 490-43 T), submitted by Committee 
D-4 on Road and Paving Materials, 

Polystyrene Molding Compounds (D 703 - 44 
T), submitted by Committee D-20 on Plastics, 

Cellulose Acetate Molding Compounds (D 706 ~ 
43 T), submitted by Committee D-20, 

Cellulose Acetate Butyrate Molding Compounds 
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(D 707-43 T), submitted by Committee 
D-20, 
Vinylidene Chloride Molding Compounds (D 
729-44 T), submitted by Committee D-20, 
A.S.T.M. Thermometers (E1-44T), sub- 
mitted by Committee E-1 on Methods of 
Testing, 


Tentative Methods of: 


Test for Permeability and Core Loss of Filat- 
Rolled Magnetic Materials Using 28-cm. 
Specimen (A 257 - 43 T), submitted by Com- 
mittee A-6 on Magnetic Properties, 

Test for Normal and Incremental Permeability 
and Core Loss of Flat-Rolled Magnetic Ma- 
terials at Low Alternating Inductions Using 
28-cm. Specimen (A 258-43 T), submitted 
by Committee A-6, 

Test for Permeability of Feebly Magnetic Ma- 
terials (A 259 - 43 T), submitted by Commit- 
tee A-6, 

Test for Impact Resistance of Plastics and Elec- 
trical Insulating Materials (D 256 — 43 T), sub- 
mitted by Committee D-9 on Electrical In- 
sulating Materials, 

Chemical Analysis of Rubber Products (D 297 - 
43 T), submitted by Committee D-11 on 
Rubber Products, 

Test for Changes in Properties of Rubber and 
Rubber-Like Materials in Liquids (D 471 - 
43 T), submitted by Committee D-11, 

Testing Asphalt Composition Battery Contain- 
ers (D 639 - 43 T), submitted by Committee 
D-11, 

Test for Compressive Strength of Plastics (D 
695 -44T), submitted by Committee D-20 
on Plastics, 

Testing Compressed Asbestos Sheet Packing 
(D 733-43T), submitted by Committee 
D-11, 

Quantitative Spectrochemical Analysis of Zinc 
for Lead, Iron, and Cadmium (E 26-43 T), 
Submitted by Committee E-2 on Spectro- 
graphic Analysis, 

Quantitative Spectrochemical Analysis of Zinc- 
Alloy Die Castings for Minor Constituents and 

7 Impurities (E 27 - 43 T), submitted by Com- 
mittee E-2, 


Standard Specifications for: 


Preformed Expansion Joint Fillers for Concrete 
(Nonextruding and Resilient Types) (D 544 - 
41), submitted by Committee D-4 on Road 
and Paving Materials, 

Standard Methods of: 

Test for Magnetic Properties of Iron and Steel 


(A 34-42), submitted by Committee A-6 on 


Magnetic Properties, 


Testing Sheet and Plate Materials Used in Elec- 
trical Insulation (D 229 - 43), submitted by 
Committee D-9, 

Mechanical Analysis of Soils (D 422 - 39), sub- 
mitted by Committee D-18 on Soils for En- 
gineering Purposes, 

Testing Pin-Type, Lime Glass Insulators (D 468 
- 42), submitted by Committee D-9, and 

Testing Preformed Expansion Joint Fillers for 
Concrete (Nonextruding and Resilient Types) 
(D 545 - 41), submitted by Committee D-4 on 
Road and Paving Materials. 


Withdrawal of the Standard Specifica- 
tions for Mineral Iron Oxide (D 84 - 41), 
recommended by Committee D-1 on 
Paint, Varnish, Lacquer, and Related 
Products, was also approved by Com- 
mittee E-10. 


ACTIONS UNDER EMERGENCY PROCEDURE 


Emergency Alternate Provisions.—The 
emergency alternate provisions listed in 
Table I have been accepted by Com- 
mittee E-10 during the year. 

The withdrawal of the following 
emergency alternate provisions was ap- 
proved by Committee E-10: 


Designation Emergency Alternate Com- 
Provisions in mittee 
Standard Specifications for: 

Hard- Steel Spring Wire 

(A 227 - 41) A-1 
EA - A 229 Oil Tempered Steel Spring Wire 

41) 

EA-A230  Carbon-Steel Valve Spring Qual- 

ity Wire (A 230 - 41) A-l 


Emergency Standards——Nine  emer- 
gency standards have been accepted by 
Committee E-10 during the vear as 
follows: 

Emergency Specifications for: 

Insulated Wire and Cable: Heat-Resisting Syn 
thetic Rubber Compound (ES - 33), sub 
mitted by Committee D-11 on Rubber Prod- 
ucts, 

Insulated Wire and Cable: Performance Syn 
thetic Rubber Compound (ES - 34), sub- 
mitted by Committee D-11, 

Controlled Quality, Magnesium-Base Alloy Die 
Castings (ES - 40), submitted by Committee 
B-6 on Die-Cast Metals and Alloys, 


Emergency Methods of Test for: 


Color of U. S. Army Motor Fuel (All Purpose) 
by Means of an A.S.T.M. Color Standard 


On STANDARDS 37 


wn 


(ES - 32), submitted by Committee D-2 on Phosphorus in Lubricating Oils (ES - 37), sub- 


Petroleum Products and Lubricants, mitted by Committee D-2, 
Changes in Protective Properties of Organic Lead, Copper, and Iron in Lubricating Oils (ES - 
Coatings on Steel Surfaces When Subjected 38), submitted by Committee D-2, and 


TABLE I.—ACTIONS UNDER EMERGENCY PROCEDURE. 


Designation Emergency Alternate Provisions in Committee 
Standard S pecifications for: 
EA- A 30 Boiler and Firebox Steel for Locomotives (A 30 — 42) A-1 
EA -A 70a Carbon-Steel Plates for Stationary Boilers and Other Pressure Vessels (A 70 - 42) A-1 
EA - A 89 Low Tensile Strength Carbon-Steel Plates of Flange and Firebox Qualities (A 89 - 43 A-1 
EA-A 95 Carbon-Steel Castings for Valves, Flanges, and Fittings for High-Temperature A-1 
Service (A 95 41) 
EA - A 116 Zinc-Coated (Galvanized) Iron or Steel Farm-Field and Railroad Right-of-Way A-5 
Wire Fencing (A 116 - 39) 
EA -A 121 Zinc-Coated (Galvanized) Iron or Steel Barbed Wire (A 121 — 39) A-5 
EA - A 157 Alloy-Steel Castings for Valves, Flanges, and Fittings for Service at Temperatures A-l 
from 750 to 1100 F. (A 157 - 42) 
EA -A 167a Corrosion-Resisting Chromium-Nickel Steel Plate, Sheet, and Strip (A 167 - 43) A-10 
EA - A 201 Carbon-Silicon Steel Plates of Ordinary Tensile Ranges for Fusion-Welded Boilers A-l 
and Other Pressure Vssels (A 201 - 43) : 
EA-A 202 | Chrome-Manganese-Silicon (CMS) Alloy-Steel Plates for Boilers and Other Pres- A-1 
sure Vessels (A 202 39) 
EA - A 203 Low-Carbon Nickel-Steel Plates for Boilers and Other Pressure Vessels A-l 
(A 203 - 42) e 
EA -A 204 Molybdenum-Steel Plates for Boilers and Other Pressure Vessels (A 204 - 42) A-l 
EA - A 212 High Tensile Strength Carbon-Silicon Steel Plates for Boilers and Other Pressure A-1 
Vessels (Plates 44 in. and Under in Thickness) (A 212 — 39) 
EA - A 214a Electric-Resistance-Welded Steel Heat-Exchanger and Condenser Tubes A-1 
(A 214 - 42) 
EA - A 240a Corrosion-Resisting Chromium and Chromium-N ickel Steel Plate, Sheet, an Strip A-10 
| for Fusion-Welded Unfired Pressure Vessels (A 240 - 43 
EA - B 16 | Free-Cutting Brass Rod for Use in Screw Machines (B 16 - 42) B-5 
EA - B 69a | Castings of the Alloy: Copper 88 per cent, Tin 8 per cent, Zinc 4 per cent B-5_ 
B 69 41) 
EA - B 61 Steam or Valve Bronze Castings (B 61-42 B-5 
EA - B 62a Composition Brass or Ounce Metal Castings (B 62 - 41) | B-5 
EA - B 86b Zinc-Base Alloy Die Castings (B 86 - 43 B-6 
EA - D 69a Friction Tape for General Use for Electrical Purposes (D 69 ~ 38) D-11 
EA - D 496a Chip Soap (D 496-39) 1-12 
EA - D 498a , Powdered Soap (Nonalkaline Soap Powder) (D 498 ~ 39) | D-12 
Tentative Specifications for: 
EA -A 158 Seamless Alloy-Steel Pipe for Service at Temperatures from 750 to 1100 F. 
A 158 - 42 T) : 
EA- A 206 Seamless Carbon-Molybdenum Alloy-Steel Pipe for Service at Temperatures from 
| 750 to 1000 F. (A 206 - 42 T) 
EA-A 216a | Carbon-Steel Castings Suitable for Fusion Welding for Service at Temperatures 
up to 850 F. (A 216 ~ 42 T) 
EA - B 22a Bronze Castings for Turntables and Movable Bridges and for Bearing and Ex- 
pansion Plates of Bridges B 22 - 42 I ae 
EA - B 143a Tin-Bronze and Leaded Tin-Bronze Sand Castings ‘B 143 - 42 T) 
EA - B 1l44a High-Leaded Tin-Bronze Sand Castings (B144-42T) 
EA -B 145a Leaded Red Brass and Leaded Semi Red Brass Sand Castings (B 145 - 42 T) 
EA - B 146a Leaded Yellow Brass Sand Castings for General Purposes (B 146 - 42 T) 
EA - D 224a Asphalt Roofing Surfaced with Powdered Tale or Mica (D 224-41 T) 
EA - D 225 Asphalt Shingles Surfaced with Coarse Mineral Granules (D 225 - 41 T) 
EA - D 249a Asphalt Rooting Surfaced with Coarse Mineral Granules (D 249 - 42 T) pa 
EA - D 574a Insulated Wire and Cable. Ozone-Resistant Type Insulation (D 574 - 40 T) 
Standard Methods of: . 
EA - D 129 Test for Sulfur in Petroleum Oils by Bomb Method (D 129-39) | D-2 
EA - D 147 Testing Bituminous Mastics, Grouts, and Like Mixtures (D 147 - 41) D-8 
EA - D 231 Testing and Tolerances for Knit Goods (D 231 - 39) D-13 
Tentative Methods of: | 
EA - D 228 Testing Asphalt Roll Roofing, Cap Sheets, and Shingles (D 228 - 42 T) D-8 


to Immersion (ES - 35), submitted by Com- Metals in Lubricating Oil (ES - 39), submitted 


mittee D-1 on Paint, Varnish, Lacquer, and by Committee D-2. 

Related Products, Revisions of the following emergency 
Chlorine in Lubricating Oils by Bomb Method — specifications were accepted by Com- 

(ES - 36), submitted by Committee D-2, mittee E-10: 
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Emergency Specifications for: 


GR-S Synthetic Rubber Sheath Cunnnail for 
Electrical Insulated Cords and Cables (ES - 
6a), submitted by Committee D-11 on Rubber 
Products, and 

Controlled Quality Aluminum-Base Alloy Pres- 
sure Molded Castings (ES - 29a), submitted 
by Committee B-6. 


Committee E-10 approved the recom- 
mendation of Committee D-11 that the 
following emergency standards be with- 
drawn and issued as tentative: 


Emergency Specifications for: 


Chloroprene Sheath Compound for Electrical 
Insulated Cords and Cables (ES — 28) [re- 
placed by Tentative Specifications D 752 - 
43 T], 

Chloroprene Sheath Compound for Electrical 
Insulated Cords and Cables Where Extreme 
Abrasion Resistance is Not Required (ES — 30) 
|replaced by Tentative Specifications D 753 
43 T], 

Insulated Wire and Cable: Heat-Resisting Syn- 
thetic Rubber Compound (ES —- 33) [replaced 
by Tentative Specifications D 754 - 43 T], and 

Insulated Wire. and Cable: Performance Syn- 
thetic Rubber Compound (ES — 34) [replaced 
by Tentative Specifications D 755 - 43 T]. 


AMERICAN 
ASSOCIATION 


RELATIONS WITH THE 
STANDARDS 


Revised Standards Submitted Under 
Proprietary Procedure.—The Society has 
been granted proprietary sponsorship 
for the revision of A.S.T.M. standards 
approved as American Standard under 
the existing standards procedure and, 
functioning as proprietary sponsor, has 
submitted to the American Standards 
Association during the year revisions of 
the following standards, all of which 
have been approved: 

Standard Specifications for: 

Low Tensile Strength Carbon-Steel Plates of 
Structural Quality for Welding (A 78-43; 
ASA G40.1-1943), 

Low Tensile Strength Carbon-Steel Plates of 
Flange and Firebox Qualities (A 89-43; 
G30.1-1943), 

Carbon-Silicon Steel Plates of Ordinary Tensile 
Ranges for Fusion-Welded Boilers and Other 
Pressure Vessels (A 201 — 43; G31.1-1943), 


Report or Commitree E-10 


Electrolytic Copper Wire Bars, Cakes, Slabs, 
and Ingot Bars (B 5-43}. 


Billets, Ingots, - 
H17.2-1943), 
Basic Carbonate 

K23.1-1943), 
Chrome Yellow and Chrome Orange (D iti 
K27.1-1943), and 


White Lead (D 81-43; 


Standard Methods of: 


Laboratory Sampling and Analysis of Coal and 
Coke (D 271-43; K18.1-1944). 


Standards Submitted Under 
Committee Procedure.— 
ceived from three of the sectional 
committees for which the Society is 
sponsor submitting standards to the 
ASA for approval. These reports were 
transmitted to that association and the 
following standards have been approved 
for the first time or reapproved in 
revised form during the year as American 
Standard: 


Sectional 
Reports were re- 


On the Recommendation of Sectional Committee 
C59 on Electrical Insulating Materials: 


A.S.T.M. Methods of: 


Testing Molded Materials Used for Electrical 
Insulation (D 48-43 T; ASA C59.1-1944), 
Testing Electrical Insulating Oils (D 117 - 43; 

C59.2-1944), 
Testing Sheet and Plate Materials Used in Elec- 
trical Insulation (D 229 - 43; C59.13-1944), 
Test for Impact Resistance of Plastics and Elec- 
trical Insulating Materials (D 256-43 T; 
C59.11-1944), 

Testing Laminated Tubes Used in Electrical In- 
sulation (D 348 - 42; C59.14-1943), 
Testing Laminated Round Rods Used in Elec- 
trical Insulation (D 349 - 42; C59.15-1943), 
Testing Shellac Used for Electrical Insulation 
(D 411 — 42; C59.18-1944), 

NEMA Laminated Phenolic Products Standards 
(C59.16-1944), and 

NEMA Practice for Machining and Punching of 
Laminated Phenolic Plate (C59.17-1944). 


On the Recommendation of Sectional Committee 
G8 on Specifications for Zinc Coating of Iron and 
Steel: 


A.S.T.M. Specifications for: 


Zinc-Coated (Galvanized) Iron or Steel Tele- 


phone and Telegraph Line Wire (A 111 - 43; 


ASA G8.3-1944), 


I 
€ 
I 


al 


Zinc-Coated (Galvanized) Iron or Steel Farm- 


Field and Railroad Right-of-Way Wire Fenc- 
ing (A 116 — 39; G8.9-1944), 


-Zinc-Coated (Galvanized) Iron or Steel Barbed 


Wire (A 121-39; G8.10-1944), and 
-Zinc-Coated Steel Wire Strand (Class B and 
Class C Coatings) (A 218-41; G8.11-1944). 


On the Recommendation of Sectional Committee 
Z11 on Petroleum Products and Lubricants: 


A.S.T.M. Methods of: 


Test for Vapor Pressure of Petroleum Products 
(Reid Method) (D 323-43; ASA Z11.44- 
1943), 

Test for Carbonizable Substances in White 
Mineral Oil (Liquid Petrolatum) (D 565 - 43; 
Z11.49-1943), 

Test for Dropping Point of Lubricating Grease 
(D 566 — 42; Z11.51-1943), 

Test for Carbonizable Substances in Paraffin 
Wax (D 612 - 43; Z11.50-1943), and 

AS.F.M. Standard Viscosity-Temperature 
Charts for Liquid Petroleum Products (D 341 
— 43; Z11.50-1943). 


ASA War COMMITTEE ON RADIO TO BE 
DISBANDED 


The War Committee on Radio which, 
as indicated in the 1943 report of Com- 
mittee E-10, had been formed under the 
war standards procedure of the American 
Standards Association at the request of 
the War Production Board to set up war 
standards for components for military 
radio to help speed production of radio 
equipment for the Army and Navy, 
make replacements of parts easier, and 


conserve materials, is to be terminated, 
the work to be taken over by a joint 
Army-Navy group. At the time this 
project was initiated, the Armed Forces 
could not spare the personnel required to 
handle such a program. Since then, 
conditions have changed and the Army- 
Navy Electronics Standards Agency 
(ANESA) was established recently to 
take over this work. The War Com- 
mittee on Radio had already completed 
fourteen standards which include a 
number of references to A.S.T.M. meth- 
ods of testing. To avoid any substantial 
loss of effort already expended, those 
subjects which are nearly completed will 
be concluded under the war procedure 
of the ASA, and the remaining specifica- 
tions will be handled exclusively by 
ANESA. In completing the work, 
ANESA will utilize the current ASA 
drafts of the specifications which they 
have started to develop. The existing 
ASA task groups which have been 
developing the standards will be dis- 
banded, as ANESA will seek the co- 
operation of industry by other means. 


Respectfully submitted on behalf of 
the committee, 
H. S. VASSAR, 
Chairman. 
R. E. Hess, 
Ex-officio Secretary. 
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EDGAR MARBURG LECTURE 


Due PURPOSE of the Edgar 


Marburg Lecture is to have described at the Annual Meet- 


ings of the American Society for Testing Materials, by lead- 


ers in their respective fields, outstanding developments in 

the promotion of knowledge of engineering materials. 

Established as a means of emphasizing the importance of 

promoting knowledge of materials, the Lecture honors and 

perpetuates the memory of Edgar Marburg, first Secretary 
of the Society. 
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NINETEENTH EDGAR MARBURG LECTURE 


By Harotp DEWITT SMITH? 


The engineering approach to the evaluation of textile fibers which is the 
central theme of this lecture was first discussed by the author in elementary 
B form in an unpublished paper which was delivered before the Textile Execu- 
tives’ Club in Boston on February 13, 1940, and again, without publication, 
before the American Association of Textile Technologists in New York on 
-November 6, 1940. This lecture embodies the first publication of an elabora- 


tion of these ideas. 


INTRODUCTION 


ON THE EVOLUTION OF TEXTILE 
THINKING 


There is no such thing as a natural 
textile fiber! There are only natural 
fibers which have been selected by man- 
kind for use in textiles. 

The utility and the beauty of the 
textiles which man has created down the 
ages by the ingenious manipulation of 
selected natural fibers into yarns and 
fabrics bear witness to his skill. Tex- 
tiles made of natural fibers serve a multi- 
plicity of civilized purposes, ranging from 
the stark strength of a ship’s hawser to 
the lustrous majesty of a royal robe or 
the diaphanous luxury of the sheerest 
lingerie. 

The invention of textile structure by 
the twisting together of short fibers to 
form long yarns, and the interlacing of 
fibers or yarns to form supple, tough, 


1 Read on June 28, 1944, before the Annual Meeting of 
the American Society for Testing Materials, New York, 
N. ¥. 

2 Treasurer and Textile Technologist, The A. M. 
Tenney Associates, Inc., New York, N. Y. 
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AN ENGINEERING APPROACH TO THEIR PROPERTIES AND | 
UTILIZATION! 
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porous sheets of material whicn we call 
fabrics, ranks with the utilization of fire 
and the invention of the wheel, of the 
lever, and of pottery, as one of the unique 
triumphs of the early human mind. 

The natural fibers which man _ has 
chosen, and in many cases improved by 
careful breeding, in order to provide 
himself with raw materials for his varied 
textile needs were evolved by nature for 
diverse purposes, but in no instance for 
combining into textile yarns or for inter- 
lacing into textile fabrics. Some few 
members of the animal kingdom use 
natural fibers to build a structure, which 
in every case is rigid, and, therefore, 
lacking in that internal flexibility which 
is the very essence of the architecture of 
textiles. The caterpillar manufactures 
its own silken strand and winds it about 
itself to form a stiff shell or cocoon of 
cemented fibers within which to sleep 
and dream of the beautiful moth or but- 
terfly itis tobe. The bird gathers twigs, 
grass, feathers, and even condescends to 


| 
| 


borrow bits of yarns from man, to build 
its nest, a rigid structure in which to 
raise its young. The wasp is a paper 
maker which converts natural fibers into 
a multilayered crepe paper home in which 
to dwell securely. 

Other animals utilize natural fibers 
less consciously, having been provided by 
nature with a furry or a woolly coat of 
hairs for protection against the elements. 
Early man undoubtedly used the pelts of 
fur-bearing animals for many purposes 
for which he subsequently invented tex- 
tile fabrics. That these man-made ‘‘sub- 
stitutes” for pelts were found to be 
superior to the natural product is proved 
by the fact that the human race now 
clothes itself with textiles rather than 
with sheepskins and fur pelts, except for 
two widely separated groups. One of 
these comprises Eskimos and other so- 
called primitive peoples whose environ- 
ment makes it easier to get and prepare 
pelts than to raise and process natural 
fibers suitable for the types of textile 
garments required for such climates. 
The other group comprises femininity 
the world over, to whom the style appeal 
of a coat of carefully selected furs means 
much more than the mere matter of 
keeping warm. 

The Armed Forces of the United 
States and its Allies, profiting by the fine 
work on cold-weather clothing which was 
one of the most valuable fruits of the 
several polar expeditions led by Admiral 
Byrd, have proved beyond a doubt that 
furs are the traditional clothing material 
of races which live in very cold climates 
only because furs are the best materials 
which have been available to such 
peoples. 

The multilayered clothing of our 
Arctic forces, with its thin, dense, wind- 
resistant, water-repellent, but moisture- 
permeable outer layer over light, lofty 
inner layers of pile fabrics or other air- 
entrapping textile structures, has proved 
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superior to traditional Arctic fur clothing. 
We can look for a change in Eskimo 
styles after the war when some of our 
Arctic troopers go back over the Alcan 
Highway with sample trunks of ‘“‘warmth 
without weight” clothing instead of 
military packs and guns! 

This development is one specific illus- 
tration of the thesis of my lecture, 
namely, that an engineering approach to 
the design and utilization of textile 
fibers, yarns, and fabrics is needed in 
order to blend textile craftsmanship with 
modern textile science if the textile in- 
dustry is to exploit its opportunities and 
meet its obligations in the world of today 
and tomorrow. 

To return to nature’s uses of fibers, 
the vegetable kingdom, which provides 
man with the greatest tonnage and 
variety of natural fibers for textiles, 
evolved these fibers for several non- 
textile purposes. There are seed hairs, 
such as kapok and milkweed, designed by 
nature to waft the seeds afar, and cotton 
which is a hairy seed coat believed to 
have evolved as a protection against de- 
hydration rather than as a seed para- 
chute. The other two important types 
of vegetable fibers are bast fibers, which 
grow within the stalk, and leaf fibers. 
The natural function of both of these 
types is to form part of the skeletal 
structure of plants, and the fibers are 
cemented or chemically united to other 
plant constituents into a structure which, 
while more flexible than that of many 
homogeneous materials, is nevertheless 
not comparable with the suppleness 
achieved by man in textiles. 

For man, directing the amazing manip- 
ulative skill of his hands by the even 
more amazing thinking mechanism of his 
brain, created textiles—structural forms 
of matter which are unique throughout 
the natural and the man-made universe 
because of the three very diverse but 
very valuable characteristics which they 
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combine, namely, strength and toughness 
on the one hand, a very high degree of 
suppleness or flexibility on the other, 
and these two in a structure which is 
porous and permeable to air, to water 
vapor, and, if desired, even to light. 

Not only for the purpose of this lecture, 
but in all our thinking about the struc- 
ture and utilization of textiles, we should 
remember that the essence of the textile 

invention is the building up of large, useful 
structures—threads, ropes, felts, nets, cloth 
by combining countless tiny fibrous 
units in such ways that the individual 
strength and toughness of each fiber is 
accumulated, yet its individual freedom of 
movement and, hence, its suppleness, al- 
though restrained, is largely retained. 

Because of the organic nature of all 

natural fibers except asbestos (which, 
incidentally, was known to, and used by, 
the Greeks), archaeologists have found 
no textiles among the earliest evidences 
of man’s works. Nevertheless, basket- 
like mold impressions on pottery, and 
stones which were evidently used as warp 
weights on primitive one-bar looms, 
provide evidence that weaving and, 
probably, spinning were well known to 
stone-age humans. One can imagine 
that vines and reeds were the first textile 
raw materials. Perhaps the search for 
more supple strands led to strips of 
leather and then to the furry and woolly 
hairs of animals on the one hand and, 
on the other, to the vegetable fibers 
through the observation that, although 
the dried stalks of some plants broke too 
easily to be good for even coarse weaving, 
a layer of tough, fine strands between the 
outer bark and the woody core remained 
unbroken and could be separated from 
the broken chaff and twisted into finer, 
softer yarns than the stalks of reeds 
or vines. 

Textiles were undoubtedly first in- 

vented by prehistoric engineers for pur- 
poses such as ropes, snares, fish nets, 
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containers, and shelters. However, the 
love of decoration and beauty which is 
evidenced by painted cave walls, by 
patterns on very ancient specimens of 
pottery, and by the painting of human 
bodies which is still practiced by many 
primitive races, must have caused the 
early artist, as well as the early engineer, 
to search for finer and finer fibers to use 
as textile raw materials and to develop 
increasing manipulative skill in combin- 
ing these finer, more delicate fibers into 
textiles in which beauty of texture, of 
color, and of touch was added to the 
necessary comfort and utility for which 
they were produced. 

The list of natural fibers currently 
available in commercial quantities (in 
times of peace) which the A.S.T.M. 
Committee D-13 on Textiles has com- 
piled and published* provides evidence 
of the persistence with which man has 
searched for, and experimented with, 
natural fibers for textile purposes since 
the first human twisted several strands 
of vine together to make a rope. There 
are 15 animal fibers on this list, 3 mineral 
fibers, and 110 vegetable fibers. Of the . 
vegetable fibers, 7 are classed as seed 
hairs, 35 as bast (stalk) fibers, 60 as leaf 
or leaf-stem fibers, and 8 mis¢ellaneous. 
This list, totaling some 128 different 
natural fibers of commercial importance 
for textiles, may be accepted as the final 
“Report by Mankind” on a textile re- 
search project which started at least ten — 
thousand years ago and encompassed the 
investigation of countless natural fibrous — 
materials, for it is unlikely that there 
remains undiscovered any new natural 
fiber capable of achieving a very large > 
measure of importance for textiles. 

Within the lifetime of many of us who 
are here today, Mankind has initiated a 
second great textile research project, 
namely, the creation of textile fibers. This 


“List of Man-made and Natural Fibers,”’ Standards 
on Textile Materials, Am. Soc. Testing Mats., p. 356 (1943). 
(Issued as separate publication.) 
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create new utility and new beauty. Table I. According 


new research program is now motivated nomic data between nations was possible, 
by an urge which is much more profound _ the principal fibers for which production 
than the mere imitative impulse with data are listed by the U. S. Department 
which it started, namely, the urge to of Commerce* number 18, as shown in 


to the glossary pre- 


TABLE I—WORLD PRODUCTION OF PRINCIPAL TEXTILE FIBERS—1938. 


From data sup- | 
by Textile 
nit, Bureau of 


i Domestic Com- Materials 
Fiber merce, U. S. 
Department of 
Commerce 


Tons (2000 Ib.) | Fiber Group | 


Foreign and ween A.S.T.M. Standards on Textile 


Principal Uses 


Major producing countries included. 

‘ Estimated for 1936. Latest available. 
© Incomplete. 
/ 1941 exportable surplus of major producin ng countries. (Domestic consumption data 
Norte. — on following fibers not available from Department of Commerce: angora 
chingma, horsehair, kenaf, mescal maguey, piteira, and wild silk. 


produc tion of textile fibers reveals that, eight of these are 


listed as commercially available, the 


really important classes of natural fibers and Domestic Commerce, 
June 23, 1944. 


Standards on Textile Materi 


An examination of the figures on world pared by A.S.T.M. 


7 032 000 Seed we household, and apparel tex- 
| tiles 
Jute 1 377 000 | Stalk and backing yarn in 
ile car 
Wools (clean basis) | Animal hairs Apparel, a and industrial tex- 
Apparel* 777 150 tiles. 
Carpet 250 250 
Mohair 15 130 
Alpaca? 3350 | 
Total Wool. ............. 1 046 000 
Rayons (all types) Manufactured © Apparel, industrial, and household tex- 
Filament yarn 496 550 SO tiles. 
Staple fiber 467 950 
Total Rayon....... 964 000 
880 000 Stalk Household, apparel, and industrial tex- 
tiles. 
Asbestos (all types)® ......... 484 000 Mineral Industrial textiles, thermal insulation, 
and packing. 
415 000 Stalk Twines, halyards, and tarred rigging. 
285 000 Leaf Twines and coarse cordage. 
Abaca ( Manila gh Se 169 000 Leaf Ropes, coarse twines, and cordage. 
rere 110 000 Stalk Twines. 
ato 110 000 Stalk Woven textiles, tapestries, seine nets, 
shoe thread, and trimmings. 
ark 90 000 Shell (cocoanut Door mats, and upholstery stuffing. 
72 000 Leaf twine, coarse twine, and small 
opes 
DR nerchenneeuentenherabetien 55 000 Animal cocoon Apparel, household, and industrial tex- 
tiles. 
Kapok’ EGusteeeniicws ae 37 000 Seed hair Stuffing in pillows, mattresses, and life 
preservers. 
Cantala (Maguey)*.............. 13 000 Leaf Coarse twines. 
7 000 Leaf Twines. 
13 188 000 | 
, 1939. 


« » Peru only (major producer). No figures available for Argentina, Bolivia, and Chile. 


not av ailable.) 
rabbit, camel cashmere, 


Committee D-13,° 
used principally in 


despite the large number of natural fibers _ fabric form for industrial, household, and 


4 Communication from Textile Unit, Bureau of Foreign 


Department of Commerce, 


are few in number. For 1938, the last ° “Glossary of Terms Relating to Textile Materials”, 


als, Am. Soc. Testing Mats., 


year in which a free exchange of eco- 5. 34¢ (1943). (Issued as separate publication.) 
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apparel purposes, and the remaining ten 
for ropes, cordage, and twine, or for 
stuffing. The eight are, in the order of 
tonnage importance, cotton, jute, wool, 
rayon, flax, asbestos, ramie, and silk. 
Cotton is certainly king, accounting for 
over half of the total of thirteen million 
tons. Silk was a deposed queen even in 
the pre-war world, but a queen whose 
beauty and elegance should never be 
allowed to disappear completely from the 
textile scene. It is interesting to note 
that the rayons, within the half-century 
since Count Hilaire de Chardonnet 
started the first “artificial silk” factory 
in Belgium, had attained fourth place in 
world importance. 

If we analyze the long list of fibers in 
Committee D-13’s previously mentioned 
‘List of Man-made and Natural Fibers,” 
we find that many of the individual fibers 
listed are merely different species of a few 
genii, or families, or are of local rather 
than of world importance, and that most 
of the various wool and hair fibers listed 
are closely related to one another in their 
chemical and morphological structure 
and, therefore, in their general chemical 
and physical behavior. 

In other words, this first great textile 
research project which was initiated by 
our prehistoric ancestors in order to find 
fibers which could be spun into textile 
yarns yielded a group of hair fibers with 
the general characteristics of wool; a 
small group of continuous filament co- 
coon fibers with the general character- 
istics of silk; a group of vegetable seed 
hair fibers with the general characteristics 
of cotton; a group of “‘soft”’ bast or stem 
fibers with a range of general character- 
istics represented by flax, hemp, jute, 
and ramie, respectively; a group of 
“hard” leaf fibers with a range of general 
characteristics represented by abaca 
(Manila “hemp’’), sisal, henequen, and 
phormium; and one group of mineral 


fibers with the general characteristics of 
asbestos. 

This adds up to six fundamental types 
of spinnable, natural fibers, each dis- 
tinctive with respect to its molecular and 
morphological architecture. These six 
types differ enough in textile qualities 
to stand out in our minds as six distinct 
and easily recognizable sensory evalua- 
tions of textile character which can be 
labeled with the subjective descriptive 
terms: wool-like, silk-like, cotton-like, 
linen-like, sisal-like, and asbestos-like 
These homely adjectives epitomize the 
long, exciting, and fruitful evolution of 
textiles up to the early part of the present 
century. 

But they also emphasize, by their very 
connotation, that the thinking of textile 
craftsmen and of consumers of textiles 
has been inevitably fettered by ages of 
dependence upon a few types of fibrous 
substances whose fundamental properties 
and behavior have remained essentially 
unchanged, despite the generations of 
patient husbandry and careful breeding 
which have been devoted to their evolu- 
tion and refinement. 

The flax fibers in the oldest existing 
fabric, which was found in Egypt and 
dated approximately 7000 B.C., have 
the same chemical and morphological 
structure as those of present-day flax. 
Five thousand years later, the Egyptians 
left a record, in the form of paintings and 
bas-relief on the walls of various tombs, 
of the technology of flax harvesting, 
spinning, and weaving, as practiced dur- 
ing the period 2200 to 1500 B.C. (Fig. 1). 

About two weeks ago, a native of the 
former Austro-Hungarian Empire de- 
scribed to me how flax was harvested, 
retted, hackled, spun, and woven on 
her father’s farm when she was a girl. 
These thirty-five hundred year old Egyp- 
tian pictures are adequate illustrations of 
the techniques which she described, ex- 
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Stalks areBound Dirt is Knocked 
Off the Roots 


Flax is Pulled Up 
by the Roots 


‘Action Shown Taking Place from Right to Left 
(a) Gathering flax in the field. 
Flax 1s Cleaned from abile of Preparation of FromFlaxinFront of — Spinning Thread Already Pre- 
Between Two Rough Fiber Woman Flax for Spinning Her Woman Draws Fiber pond Mer Companions and 
Sticks Draws Out a by Loosening Fibers which SheLoosely Twists Placed ina Bucket to Maisten. 
Continuous Rove which on Her Thghandlays  TwoFree Spindles are Used, 
She Lays ina ina Coil Behind Her.Ts — One the Girl Twirls on Her 
Coil Her (sNowReady for theFnal Thigh,while ~~. 
Twisting tobe done by the Other \ 
Use of the Spindle. Whirls in 
the Arr. 
! 


| (6) Preparation and spinning of flax. 


Woman at Left with One Hand Inserts Heddle to 
_ Separate Warp for Passage of Shuttle Bearing 
Woof, while with the Other Hand She Helps Her 
Companion Push the Woof into Position with the "Beater In" 


Peg Warp Beam 


Peg 
Laze Threads 


“Beater In” 


Breast Beam’ Finished Cloth Breast Beam 


Weaving of flax on horizontal beam. 
Fic. 1.—Flax Technology in Ancient Egypt (2200 to 1500 B.C.). 
Courtesy of the Metropolitan Museum of Art 
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Modern linen fabric. 


Ancient Egyptian linen fabrics. . 
Fic. 2.—Ancient and Modern Flax Fibers and Linen Fabrics. 


Courtesy of the Metropolitan Museum of Art 


Modern flax fibers. 
| 
Ancient Egyptian flax fibers. 
| 
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cept for the substitution of a spinning 
wheel for the simple spindle whorl and 
some purely mechanical improvements 
of the hand-loom. 

Photomicrographs of fibers from Egyp- 
tian fabrics made during the period 
represented by these tomb paintings and 
of fibers from a present-day linen fabric 
indicate the unchanging nature of the 
structure of the flax fiber (Fig. 2). 

The numerous present-day varieties 
of flax differ from one another chiefly 
in fineness and length and, therefore, to 
a degree in tactile and visual qualities 
such as softness and luster, but all are 
characterized by the smooth, cool feel, 
the high water absorbency, the tendency 


modern silkworm, Bombyx mori, spins 
today. This structure of the silk fiber 
is responsible for the smooth, luxurious 
feel, the bloomy luster, and the strength 
and durability which we imply by the 
term silk-like. 

In the case of wool, breeding has in- 
creased the weight of wool per fleece, 
the length, the fineness, and the curl, or 
crimp, ascompared to the undomesticated 
animal. But the fibers from the earliest 
shreds of wool cloth which were re- 
covered from Scandinavian bog graves of 
the Bronze Age (3500 to 2500 B.C.) are 
built up of the same _ spindle-shaped 
cortical cells of keratin-surrounded by 
the same shingle-like layer of epithelial 


TABLE II.—COMPARISON OF ANCIENT AND MODERN COTTON FIBERS. 
(Data on modern and ancient Indian cottons from A. N. Gulati and A. J. Turner, The Journal of the Textile Institute» 


Vol. 20, p. T-1 (1929). 


Modern Long Staple 
Modern Indian Ancient Indian Cottons 
= Cottons Cotton 
| Sakel. Sea Island 
India | Excavations at Mo- Egypt West Indies 
henjo-Daro Indus 
Valley, India 
AD 1925 to 27 A.D. 3000 B.C. 1935 A.D. 
Fiber fineness, gx 2.29 to 3.77 3.17 1.2to1.5 | 0.9 to1.2 
Convolutions per inch...................... 45 to 114 73 | 
1.92 to 1.41 0.82 | $3.2 to 4.3 5.3 


Fiber strength, g. per gx........ 


toward crispness, the lack of “give,” 
which we integrate when we say that a 
fabric is linen-like. 

Both silk and wool have been bred 
for thousands of years as carefully as 
any strain of horseflesh or of prize cattle. 
In the case of silk, the result has been 
longer continuous lengths of fiber per 
cocoon, greater uniformity of fiber di- 
ameter from one end of the cocoon 
filament to the other, and a marked 
improvement in fineness as compared to 
the wild varieties. But when we ex- 
amine the silk fibers in the earliest bits 
of silk textiles which were excavated 
in Central Asia (500 to 300 B.C.), we 
find that they have the same fibrous 
architecture as those which the well-bred, 


scales as is a modern merino fiber, and 
this structure is responsible for the 
springiness, the felting power, the high 
elastic recovery, and the warm feel of 
fabrics which we describe as wool-like. 
An examination of one of the earliest 
known fragments of cotton textiles re- 
veals an analogous persistence of fiber 
structure. Breeding has produced longer, 
finer, and somewhat stronger cotton, but 
the cotton fibers from fragments of cloth 
and yarns found in the Indus Valley 
among relics which date back to about 
3000 B.C., like the fibers in today’s 
cotton fabrics, are flattened, twisted 
tubes, the walls of which are composed 
of fibrils of cellulose built up in a number 
of concentric layers—and the textile 
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(a) Cotton cloth fragment. Approximate construction: 2 oz. per sq. yd.; 60 20; warp and 


(b) and (c) Cotton fibers from cloth fragment. 


(d) and (e) Cotton fibers from a fragment of cord. The approximate construction of the cord 
is 14/6/2/2 making a total of 24 ply. 
(f) Cotton fibers from a fragment of another cord. Approximate construction: 18/12/2 making 
a total of 24 ply. 
Fic. 3.—Cotton Textiles Found at Mohenjo-Daro in the Indus Valley, India, dated between 
3500 and 2700 B.C. 


7 Date Limits are Based on Seals and Other Objects found at the Same Site. ’ ; 
From A. N. Gulatti and A. J. Turner, “A Note on the Early History of Cotton,” Journal, Textile Inst., Vol. 20, 
p. T-1, 1929. 
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character which we call colton-like is the 
result of this unchangeable fibrous struc- 
ture (Fig. 3 and Table II). 

During the last twenty years of the 
nineteenth century and the first thirty 
years of this century, the blossoming of 
man’s knowledge of the chemical and 
physical nature of things turned him 
toward the effort to create textile fibers 
in the image of silk. Silk was the obvi- 
ous model because it was the most costly, 
the most beautiful, and, therefore, the 
most desirable of the natural fibers in 
the eyes of the textile consumer. 

For almost the whole of that fifty- 
year period, the several man-made fibers 
which survived the experimental stage 
and emerged into the commercial world 
were called “artificial silks,” a frank 
declaration of the motive which produced 
them and of the light in which they were 
viewed by the textile craftsman and the 
consumer. About twenty years ago, the 
producers and the merchants of these 
new members of the textile fiber family 
invented the generic term “rayon’”’ to 
replace the term “artificial silk.”” This 
was an event of far greater significance 
to the textile world than the mere chris- 
tening of a new group of fibers. It wasa 
moment of historic textile importance 
because it first emphasized that these 
man-made fibers, despite any outward 
similarity to silk and despite the natural 
tendency to use them in imitation of 
silk, were actually new and destined to 
stand or fall on their own distinctive 
properties and values. 

About ten years ago, another idea, 
which had been germinating since the 
early days of continuous filament rayon, 
namely, to cut these filaments into short 
lengths comparable to the staple lengths 
of cotton and of wool and to spin them 
into yarns on cotton, woolen, and worsted 
machinery, suddenly flowered into com- 
mercial success. The fabrics made of 
these spun rayon yarns were less like 


cotton, linen, woolen, worsted, or spun 
silk fabrics than were continuous fila- 
ment rayons like silk fabrics. But textile 
thought was still too rigidly encased in 
the restrictions imposed by the natural 
fibers to think in any terms except those 
of comparison with the natural fibers. 
Hence, spun rayon fabrics were described 
as ‘“‘woolly” or ‘‘worsted type”’ or “‘linen- 
like.” The commercial advent of fibers 
made from milk casein in 1936 tended to 
perpetuate this comparative mode of 
thinking because they were first used to 
supplement the dwindling supply of wool 
in Axis countries and their identity was 
generally lost in blending with wool. 

The next step in the invention of 
manufactured fibers widened the breach 
which the rayons had made in the walls 
of tradition surrounding the textile 
mind, and its fruition is even now 
crumbling the obstacles to objective 
thinking about textile fibers and letting 
in the light of a scientific and engineering 
approach. 

This step was the synthesis of fibrous 
molecules out of elements and simple 
organic compounds and the building up 
of these molecules into fibers suitable for 
textiles. The Vinyon of 1938, the nylon 
of 1939, and the Saran of 1940 are un- 
doubtedly only the forerunners of an 
increasing number of manufactured fibers 
whose varied ‘‘personalities,” added to 
those of the rayons, will emancipate us 
from the old mode of thinking about 
textile fibers, fabrics, and machinery, 
thereby opening new vistas toward the 
achievement of mankind’s insatiable de- 
sires for beauty, utility, and economy in 
the field of textiles. 


ON THE EVALUATION OF TEXTILE FIBERS 


Members of Committee D-13 are 
familiar with the micréscopic appearance 
of the various natural and manufactured 
fibers but, for those whose interest and 
activities are centered on other struc- 
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tural materials, the photomicrographs of 
some of the more important fibers which 
are reproduced in Appendix D® may help 
to visualize these ‘‘microbeams”’ whose 
mechanical behavior -we are about to 
examine. Since all of the exposures from 
which this series of photomicrographs 
were taken were made at a magnification 
of 500 diameters, they show not only the 
surface character and the cross-sectional 

shape of each fiber type, but also a 

comparison of the fineness of each. 

A photomicrograph provides useful 
information about the surface character 
of a fiber and the size and shape of fiber 
cross-sections, but, because of the minute 
portion of the length of the fiber which 
is encompassed within the field of the 
microscope, it tells us nothing about two 
of the most important characteristics of 
fibers for textiles, namely, the length 
and the ratio of length to diameter. 

Committee D-13 has defined the word 
“fiber,” as follows: 

“Fiber: 1. General.—The fundamental] 
unit used in the fabrication of textile 
yarns and fabrics. 

2. Specific.—A unit of matter char- 
acterized by having a length at least 
100 times its diameter or width, and 
with the exception of noncrystalline 
glass fiber, having a definitely pre- 
ferred orientation of its crystal unit 
cells with respect to a specific axis. 

3. Textile —Fibers that can be spun 
into a yarn or made into a fabric by 
interlacing in a variety of methods, 
including weaving, knitting, braiding, 
felting, and twisting.” 

A footnote states that the minimum fiber 

length which is practical for spinning 

into yarn is 5 mm. or about in. Such 
short fibers could only be spun in blends 
with longer ‘‘carrier’’ fibers. For cotton 

® Appendix D—Photomicrographs of Common Textile 

Fibers is not included with the lecture in the Proceedings. 


These photomic pegraphe are part of the A.S.T.M. Tenta 
tive Methods for Identification of Fibers in Textiles 


(D 276-43 T), 1944 Book of A.S.T.M. Standards, Part 
ILI, p. 1939, 
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yarns, the minimum limit of length for 
spinnability is about 3 in. 

To visualize the significance of the 
. length 
ratio, 

diameter 
tile fiber made to a linear magnification of 
200. The minimum fiber as defined by 
Committee D-13 would have a diameter 
of { in. for a length of 12 in. A fiber 
of 3 in. Bengal (Indian) cotton would 
have a diameter of { in. and a length of 
83 ft. A fiber of 1? in. Egyptian cotton 
would have a diameter of ;'g in. and a 
length of 27 ft. One has only to imagine 
the problem of untangling (without ex- 
cessive breakage) a tangled mass of mil- 
lions of flexible rods of these dimensions 
and of arranging them in a continuous 
strand of parallel rods whose ends over- 
lap at random along the length of the 
strand, to gain a tremendous respect for 
the ingenuity of man’s manipulative skill 
in converting masses of fibers into spur 
yarns and also to realize why so few of 
the many natural and manufactured 
materials which have, or might be given, 
the size and shape of a textile fiber 
possess the right balance of strength, 
suppleness, and toughness to meet the 
demands of processing and of service- 
ability. 

As a guide to the actual dimensions of 
textile fibers, the approximate range of 
width or diameter and of length of a 
number of the important fibers is listed 
in Table III. In thinking of fiber di- 
mensions it is well to remember that, 
whereas the range of diameter or fineness 
and the relation between fineness and 
length of each natural fiber is fixed by 
nature, the range of dimensions in which 
the manufactured fibers may be produced 
can be varied at will and extended in 
both directions. 

In Table IV, I have listed the funda- 
mental characteristics which determine 
the textile value of a fiber. The stature 
which a fiber attains in the textile world 
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TABLE III1.—APPROXIMATE DIMENSIONS AND FINENESS OF SOME TEXTILE FIBERS. 


Diameter or Ww idth,* 
Fineness, grex 
Mean| Length, Commer- Length Mean 
Fiber aft cial Range, in. Diameter Ratio m4 
Most ost 
Range Com- Range Com- 
monly monly 
| Used Used 
Glass. . ‘ (d) 5.8to 12.2) 7 Any length staple 0.5to 2.9 0.8 
and continuous | 
7 Saponified Acetate Rayon (d) 8.2 Continuous 0.8 ; 
Cotton—Sea Island . ..| (aw) 8.5to 10 9.5 | 1% to2 5000 0.9to 1.2 1.1 
Silkk—China......... ...| (aw) 10 to il 10.5 | Continuous ‘3 
—Japan (aw) 11 to 12.5 11.5 | Continuous 1.4 ( 
Cupram. Rayon... (aw)| 6.5to 11.5) 11 Continuous 1.6 
Viscose (aw) 8.3 to 43 11.8 | Any desired length to 22 1.7 
—Filament ...-| (aw) 9.7 to 37 12.5 | Continuous l.l to 16 1.9 
Fur Fibers—Various.......| (d)| 11 to 16 13 ¥% to 3 800 to 7000 l.lto 2.4 1.4 
Vicuna 823.800 26.5] 93,513 14000 1.6to 2.2 1.9 
Flax ...| (aw)! 14 to 16 | 15° | 12 to 36 2.76 
Jute (aw) 15.5” 50 to 80 2.7% ' 
Cashmere (d) 14.3 to 17 15.5 | 1% to 3% 4000 2.2to 2.8 25 
Cotton—Amer. Upland (aw) 16.8to 20.2 | 18 ¥% to 1% 1000 to 2400 1.8to 2.3 2.1 j 
Acetate Rayon—Staple.... (aw) 12.5 to 46 18 Any desired length 1.7 to 22 3.3 
—Filament... (aw) 12.5 to 21 18 Continuous 1.7to 4.4 3.3 | 
Nylon (d) 8 to — 19.5 | Any length staple 0.6to — 3.3 
and continuous 
| 17.3 to 22 20 2to2-% 2800 2.8to 5 4 
Cotton—Indian 20 to 23 21.5 | to 500 to 1300 2.3to 3.8 3.3 
(d) 11.4 to 28 24 1.6to 8 5.8 
Wool- 19 to 40 25 2 to 16 2600 to 10000 3.6 to 16.5 6.4 
_ (aw)| 24 to 27 | 25.5"| 3 to 10° 6.7° 
Alpaca (d)| 24 to 29 | 27 4 to8 4000 to 7000 | 5.3to 8.6 7.3 
Mohair—Kid.............. (d)| 24 to 29 27 5 to7 5000 to 6000 5.3 to 8.6 7.3 
Silk—Tussah.............. (w)!| 27 to 28.5 Continuous and 
staple 
Mohair ; (d) 34 to 60 40 6 to 12 4500 to 5000 11.5to 37 16 
Human Hair 6a (d) 40 to 100 69 12 to 36 15000 16.5 to 103 37 
Silk—Kuriwata 50 to 125 90 19 
Horsehair—Mane and Tail (d) | 120 to180 (150 150 to 335 240 
@ (d) = mean diameter (of fibers whose cross-section is approximately circular). 


= width (of fibers whose cross-section is flat or ribbon shaped). 
w) = mean width (average of maximum and minimum widths of fibers of ribbon shape or irregular cross-section). 
b The values for diameters or widths of the vegetable fibers, such as flax, jute, and ramie, are the dimensions of the unit 
cells. Commercial fibers of these materials are generally composed of groups of unit cells, and the diameters of the com- 
mercial fibers depend upon the = ation treatment of the raw fibers and therefore vary greatly. Values given for ( 


the lengths of these fibers are the lengths of the commercial fibers rather than of the unit cells. ( 
© 1 micron = 0.001 mm. = 0.00004 in. ‘ 
d 
TABLE IV.—FUNDAMENTAL FIBER CHARACTERISTICS. 0) 
1. Form Il. Physical ILI. Chemical re 
— ol 
1. Length | 1. Density email gravity) 1. Composition ra 
(a) Mean length 2. Moisture Absorption 2. Structure . 
(6) Length distribution (staple (a) Relation between relative humidity 3. Behavior toward S\( 
diagram) and moisture regain a) Acids ar: 
2. Cross-Section (b) Swelling phenomena (b) Alkalies ol 
(a) Mean area . 3. Stress-Strain Behavior (c) Oxidation 
(b) Area distribution (a) Strength (d) Dyes cr 
(c) Shape (b) Elongation (e) Solvents 
3. Crimp (c) Stiffness p! 
(a) Frequency (crimps per inch) (d) Toughness , 
(b) Amplitude (e) Elasticity Ir 
4. Surface Character (J) Resilience 1 
4. Inter-Fiber Friction 
5. Color 7 at 
6. Luster 
7 Refractive Index 
&. Scorching or Melting Point 
9. Specific Heat St 
10. Specific Conductivity 
(a) Heat 7 ur 
(6) Electricity st: 
‘ 
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is based on an integrated evaluation of 
all of these characteristics. In this 
lecture we shall concentrate principally 
on the mechanical properties of the ma- 
terials of which fibers are composed 
(Group II-3 in Table IV) and on the 
effect of moisture and heat on these 
inherent properties, with some consider- 
ation also of the influence of the form 
factors, namely, dimensions and shape, 
on the mechanical behavior of the fibers 
themselves. 

Although the subject of yarns is be- 
yond the scope of this lecture, I have 
ventured to list the significant character- 
istics of spun yarns in Table V to em- 
phasize that yarn character is directly 


555 


thinks 
strength in terms of load per unit fine- 


textile of unit 


technologist 
ness. Fineness is here used in an exact 
sense as a quantity or property of ma- 
terials having the dimensions: mass per 
unit length. The physicist’s term for 
fineness is linear density. Direct units 
of fineness which have been used in the 
textile industry include micrograms per 
inch, used in cotton fiber work, and 
denier, the traditional unit of fineness for 
silk and rayon. The denier of a fiber or 
yarn is its linear density or fineness in 
grams per 9000 meters. The word, 
denier, and its present dimension as a 
unit of fineness had their origin in the 
practice of the silk merchants of early 


TABLE V.—SIGNIFICANT CHARACTERISTICS OF SPUN YARNS. 


I. Form Il. Physical Chemical 
1. Fineness (count) 1. Stress-Strain Behavior 1. Composition 
2 Twist (a) Strength 2. Effect of 
3. Cross-Section (b) Elongation 7 (a) Acids 
(a) Diameter (c) Stiffness = : (b) Alkalies 
(b) Compactness (d) Toughness > _ (c) Oxidation 
4. Surface Character e) Elasticity a (d) Dyes 
(f) Resilience (e) Lubricants 
2. Evenness (f) Resins 
3. Rigidity of cross-section (g) Other substances 
shape) 


derived from fiber character, modified, 
of course, by the form factors which 
define the structure of the yarn. 

The densities of the various natural 
organic fiber materials lie within the 
range 1.25 to 1.55, but the introduction 
of manufactured fibers has widened the 
range of densities at both ends of the 
scale and has increased the importance 
of the distinction between diameter (or 
cross-sectional area) and fineness. The 
present-day textile fibers vary in density 
from nylon, which is the lightest, at 
1.14, to glass, which is the heaviest, 
at 2.54. 

The engineer usually thinks of unit 
strength in terms of force or load per 
unit area of cross-section, as, for in- 
stance, pounds per square inch or kilo- 
grams per square millimeter, but the 


Europe who used coins called ‘‘deniers” 
as weights in weighing sample skeins of a 
given length in order to measure the 
fineness. In the cotton, wool, and most 
other branches of the industry, fineness 
is expressed inversely as length per unit 
weight, and there is a different unit for 
almost every fiber. For the textile anti- 
quarian, these various units of fineness 
provide an interesting commentary on 
the growth of the separate branches of 
the industry as isolated crafts, but, in the 
modern textile world in which the walls 
between the various fiber groups are 
crumbling, there seems to be little justifi- 
cation for perpetuating the confusion 
which such a multiplicity of fineness 
units creates. 

Committee D-13 has just taken a 
courageous step toward eliminating the 
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inconvenience of so many fineness units 
by broadcasting an explanation of a pro- 
posed unit of fineness called Grex. The 
grex of a fiber, yarn, cord, or rope is its 
linear density, or fineness, in grams per 
10,000 meters. The merits of the Grex 
system have been ably presented by A. 
G. Scroggie during the last six months 
on behalf of Committee D-13 with the 
cooperation of the entire textile trade 
press.’ Qbviously, the introduction of 
a new unit of measurement into an 
industry with the generations of tradition 
and habit on which each of the old 
branches of the textile industry are based 
TABLE VI.—AIR-DRY STRENGTH OF SOME FIBER 
MATERIALS. 


Tenacity, Tensile Stress, 


Density 


Material 
per gx. 

Nylon 1.144.060 to 6. 55 000 to 102 000 
Silk (boiled-off) 1.352.2 to 4.6 42000to 88000 
Wool 1.321.1 to 1.5 21000to 28 000 
Acetate rayon 1.321.2 to 1.5 22 000to 28 000 
Vinyl fibers 1.35,1.8 to 3.6 35 000to 69000 
Hemp 1.49 5.3 to 6.2, 112 000 to 132 000 
Jute 1.492.7 to 5.3 57000 to 112 000 
Flax 1.502.4 to 7.0 50000 to 150 000 
Viscose rayon... 1.521.8 to 4.5 39000to 97 000 
Saponified acetate 

rayon 1.524.5 to 6.3 97000 to 136 000 
Cotton... 1.54:2.0 to 5.0 44000 to 109 000 
Vinylidene fibers 1.72 3.6 to 5.4. 88000 to 132 000 
Glass .. 2.54.6 to 30 217 000 to 1 100 000 
Steel (structural) 7.8 


0.4 to 1.1 50000 to 125 000 


is not easy, but the temporary incon- 
venience will be so far outweighed by 
the permanent benefits to every textile 
firm which is concerned with calculations 
or commerce in two or more different 
kinds of fibers or yarns that I believe 
anyone who tries it will convince him- 
self, as I have convinced myself, that 
it should be adopted immediately by all 
branches of the textile industry. Ap- 
pendix A®* contains the summary of the 
Grex system as published by A.S.T.M. 
Committee D-13. 
Fineness is a function of density as 
_ well as of cross-sectional area, being pro- 


: 7A. G. Scroggie, “A New Universal Yarn Numbering 
er Rayon Textile Monthly, Vol. 25, pp. 17 and 69 
(1944). F 

8 See p. 586. 
— 


portional to the preduct of these two. 
Therefore, the breaking strength per unit 
fineness (which is called the ¢enacity) is 
not proportional to the breaking strength 
per unit cross-section (which is called 
tensile strength) for materials of different 
densities. Table VI lists the density, 
the tenacity in grams per grex, and the 
tensile strength in pounds per square 
inch for a number of fiber materials, 
with structural steel included as a refer- 
ence point. 


On THE EVALUATION OF TEXTILE| 
FABRIC QUALITY 

Of the five senses by which we receive 
impressions of the external world, we use 
an integration of tactile and visual im- 
pressions in the direct evaluation of a 
textile fabric. Of course, we often sup- 
plement this direct sensory impression 
by secondary impressions gained by sub- 
jecting the fabric to a carefully planned 
series of tests for strength, for warmth, 
for resistance to deteriorating agents, or 
for whatever other pertinent specific 
characteristics cannot be measured by 
direct sight or touch. In the large and 
important field of apparel and household 
textiles, the direct sensory impression 
plays a major part, and probably always 
will, regardless of the admirable trend 
toward certification of tested quality by 
means of suitable labels. In the field of 
industrial textiles, the secondary impres- 
sions based on quantitative data are 
usually of greater importance. 

However, apart from that portion of the 
visual impression which is stimulated 
solely by color, the visual and the tactile 
stimuli, that is, the subjective character- 
istics by which household and apparel 
fabrics are evaluated, are largely due to the 
mechanical properties of the fabric and of 
the fibers of which it is composed. 
These same mechanical properties are also 
directly responsible for the objective physi- 
cal characteristics by which industrial 
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fabrics are evaluated. ‘Therefore, an en- 
gineering approach to the evaluation and 
utilization of textile fibers seems to me 
to be of primary importance to an under- 
standing of the ancient invention of 
textile structure in the light of the new 


extensibility, and resilience are important 
to an understanding of all engineering 
materials. Although the table is con- 
cerned only with hand, one or more of 
these same physical properties are also 
directly responsible for the draping 


TABLE VIJ.—TERMS RELATING TO HAND OF FABRICS. 


(Supplement III, p. 370, 1943 Edition, A.S.T.M. Standards on Textile Materials) 


Physical Property 


Wiexibility Ease of bending 
Compressibility ......... Ease of squeezing 
Extensibility... ....... Ease of stretching 


Resilience 


Density 


Explanatory Phrase 


Ability to recover from deformation 


Terms to be Used in Describing Range of 
Corresponding Component of Hand 

Pliable (high) to stiff (low) 

Soft (high) to hard (low) 

Stretchy (high) to nonstretchy (low) 

Springy (high) to limp (low). Resilience 
may be flexural, compressional, exten- 
siona]}, or torsional 


Surface Contour 
Surface Friction 
Phermal! Character 


Weight per unit volume (based on measure- 
ment of thickness® and fabric weight) 
Divergence of the surface from planeness 


Resistance to slipping offered by the surface} 


Apparent difference in temperature of the 


Compact (high) to open (low) 


Rough (high) to smooth (low) 
Harsh (high) to slippery (low) 
Cool (high) to warm (low) 


fabric and the skin of the observer touch 


ing it 


@ Thickness measurements and weight are made in accordance with the procedures described in the A.S.T.M° 


methods for specifiic fabrics. 


philosophy of textiles which has been 
created by the introduction of manu- 
factured fibers. 

This viewpoint is supported by an 
inspection of Table VII, ‘‘Terms Relating 
to Hand of Fabrics,” which was com- 
piled and published by Committee D-13.° 
In this table, eight physical properties 
are listed as related to the “hand” of a 
fabric (which is the common trade name 
for the feel, or tactile sensation). All of 
these terms, with the possible exception 
of the last, are certainly familiar to the 
engineer and it is obvious that the first 
four, namely, flexibility, compressibility, 


qualities of fabrics and, to a considerable 
extent, for the appearance or surface 
texture. 

These mechanical properties of the 
fabric are dependent, in part, upon the 
mechanical properties of the fibers of 
which the fabric is composed; in part, 
upon the structural arrangement of the 
fibers in the yarns and of the yarns in 
the fabric; and, in part, upon the nature 
of the fabric finishing operations. In 
this lecture, we shall confine ourselves to 
an engineering study of fibers and leave 
the equally important engineering ap- 
proach to yarn and fabric structure for 
future consideration. | 


Tur MECHANICS OF TEXTILE FIBERS 


The behavior of a body (whether it be 
a beam of wood or of steel or of rein- 
forced concrete, a wire strand in a sus- 
pension cable, or a single textile fiber) 
under the influence of external forces 


9 Standards on Textile Materials, Am. Soc. Testing 
Mats., p. 370 (1943). (Issued as separate publication.) 


which tend to stretch or compress or 
bend or twist it, depends upon three 
major factors: 
(a) The nature of the material of 
which the body is made. 
(b) The dimensions of the body. 
(c) The shape of the body. 
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Tue INFLUENCE OF FIBER MATERIAL ON 
FIBER BEHAVIOR 


Treatises onthe strength of materials 
as, for instance, section 5 of L. S. Mark’s 
“Mechanical Engineers’ Handbook,’”!® 
which is concerned chiefly with massive 
structural materials such as metals, 
wood, and concrete, remind us that the 
nature of a material with respect to its 
behavior under the influence of external 
forces, that is, its mechanical properties, 
is described by a few qualities of which 
the five basic ones, namely, strength, 
stiffness, elasticity, resilience, and tough- 
ness, are presented in Table VIII. 

TABLE VIII.—BASIC MECHANICAL PROPERTIES 
OF MATERIALS. 


Quality Service Rendered Criterion 

A. Strength....... To carry a dead load. | Ultimate 

| strength 

B. Stiffness....... To carry a load with- | Modulus of 
out deformation. | elasticity 

C. Elasticity....... To undergo deforma- | Elastic limit 
tion and return to 
original shape upon 
cessation of deform- 
ing force. 

D. Resilience...... To absorb shock with-, Modulus of 
out permanent resilience 
deformation. 

E. Toughness...... To endure large, per- | Ultimate re- 
manent deforma- silience 
tions without rup- 
ture. 


Complete knowledge of the behavior 
of a substance with respect to these five 
primary qualities involves a knowledge 
of its behavior under three kinds of 
forces, namely, tensile, compressive, and 
shearing forces, and a knowledge of the 
influence on this mechanical behavior, of 
time, of temperature, and, in the case of 
hydrophilic substances such as wood and 
most textile fibers, of moisture. Bending 
produces simultaneous tensile and com- 
pressive stresses within the material and 
is, therefore, a derivative of the tensile 
and compressive behavior. ‘Torsion, or 
twisting, produces shearing stresses 
within the substance and is, therefore, a 
derivative of shearing behavior. 
S. Mark, Mechanical Engineers’ Ilandbook, 

Edition, McGraw-Hill Book Co., Inc., New York, N. 


Quantitative information about a ma- 
terial with respect to these five primary 
mechanical properties is obtained by sub- 
jecting a specimen of the substance to 
stresses (tensile, compressive, or shear- 
ing) and observing the deformation at 
various amounts of stress. The most 
common procedure is to increase the 
stress at a gradual rate from zero to 
rupture. The influence of time is ob- 
served by varying the rate of increase of 
the stress between two limiting extremes. 
One limit is an infinitely slow rate of 
loading (creep test), carried out in prac- 
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Fic. 4.—General Form of Stress-Strain Curve. 


tice by observing the behavior of the 
substance under different constant loads. 
The other limit is an infinitely fast rate 
of loading. Impact tests are the nearest 
practical approach to this upper limit of 
rate of loading and are carried out by 
observing the behavior of the substance 
under the shock of a sudden stress such 
as that produced by a falling weight. 

Most mechanical testing is done at a 
uniform rate of loading, the rate being 
slow enough to permit the observation 
or the automatic recording of simultane- 
ous readings of load and elongation from 
which data the stress-strain curve is 
plotted. 

The general form of such a stress- 
strain curve is given in Fig. 4. Such a 
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curve shows not only the deformation 
(in terms of unit strain) produced in a 
material by every load (in terms of unit 
stress) from zero to the breaking load 
(ultimate stress), but also provides a 
graphic explanation of the criteria by 
which the other basic qualities of elas- 
ticity, stiffness, resilience, and toughness 
are quantitatively described. 

Stiffness is measured by the slope of 
the elastic portion o-x of the stress- 
strain curve and equals p./e,. As a 
practical approximation, the slope of a 
straight line drawn from o to the yield 
point y (which lies close to x in the case 
of most nontextile structural materials) 
is generally used as a measure of stiffness 
which is therefore computed from p,/ey. 
Jn engineering and scientific literature, 
the true significance of this particular 
measure of stiffness is invariably masked 
for many of us under the formidable 
“modulus of elasticity” or 
“Young’s modulus.” I strongly urge 
the use of the simple, descriptive name, 
“elastic stiffness,’’ whenever this criterion 
is used in textile literature, whether of 
highly scientific or of technological 
nature. 

Elasticity is measured by the stress py 
at the yield point y (elastic limit). The 
yield strain e, is also of importance in 
materials of high extensibility. 

Resilience is measured by the area 
o-y-e,-o under the elastic portion of the 
stress-strain curve. This area expresses, 
in terms of the stress and strain di- 
mensions of the chart, the work required 
to deform the material to its elastic limit 
y and, therefore, the recoverable work 
stored up in the material at its elastic 
limit. 

Toughness is measured by the area 
o-y-u-E-o under the stress-strain curve. 
This area expresses, in terms of the stress 
and strain dimensions of the chart, the 
work required to the m ma- 


In addition to these five basic qualities 
of behavior of a material under the influ- 
ence of external forces, there are other 
mechanical qualities of importance to the 
engineer. For specific purposes, some of 
these other qualities may be more im- 
portant than the five which we have 
already described, but they are, never- 
theless, secondary rather than basic be- 
cause they are, in general, dependent on 
the magnitude of one or more of the basic 
qualities. Among these secondary quali- 
ties may be mentioned hardness, ductility, 
and fatigue. 


A Systematic Analysis of the M ae 
Behavior of Fiber Materials: 


With this brief résumé of the engineer- 
ing analysis of the behavior of materials 
under stress as a foundation for those 
who are either unfamiliar with that phase 
of engineering education known as 
“strength of materials” or whose class- 
room training in the subject is as far 
away along the time axis as is mine, | 
would like to propose a system of evalu- 
ating the mechanical properties of textile 
fibers which should be at least of passing 
interest to the materials engineer who is 
accustomed to working with massive 
structural materials, and of lasting inter- 
est and practical value to every. textile 
technician who deals with the conversion 
of fibers into yarns and yarns into 
fabrics, whether for industrial], for house- 
hold, or for apparel purposes. This 
system is outlined in Table IX, in which 
six basic qualities are defined. Quanti- 
tative criteria for each quality are named 
and defined. The formula for the com- 
putation of each criterion is given, as are 
also the dimensions in metric engineering 
units and in textile units. (In order to 
avoid encumbering with minutiae the 
general exposition of this scheme, I 
have placed in Appendix C™ the deriva- 


11 See p. 588. _ 
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tion of the formulas and dimensions listed 
in Table LX, and have included there a 
more detailed discussion of the qualities 
and quantities for those who may put 
the proposed system to use.) 

There is nothing new or radical about 
the concepts of mechanical behavior in 
this scheme which embraces the basic 
criteria that have long been used by 
engineers in the selection and use of 
other materials of construction, and by 
scientists in fundamental researches on 
the relations between the internal struc- 
ture and the mechanical behavior of high 
polymers, including fibers. Its novelty 
lies rather in the attempt to systematize 
and clarify the engineering concepts by 
the use of terms, definitions, and symbols 
for the basic quantitative criteria which 
are directly descriptive of the subjective 
qualities by which fibers, yarns, and 
fabrics are evaluated by that ultimate 
testing machine, the human sensory 
system of the textile technician and the 
textile consumer. 

Nevertheless, while designed to make 
the terminology understandable and use- 
ful to the nonengineering mind, the 
treatment adheres to the true engineering 
method of basing the concepts on the 
firm foundation of physical theory and 
experimental fact, tempered by the neces- 
sities of practical application. The con- 
cepts are equally applicable to the evalu- 
ation of tensile, compressive, or shearing 
behavior, or to the derivative bending 
and torsional behavior. For simplicity 
in presentation and because of the greater 
availability of data, Table [IX is confined 
to tensile behavior. 

Because of the anisotropic nature of 
the internal structure of fibers, their 
physical properties are undoubtedly not 
of equal magnitude lengthwise and cross- 
wise, as is the case in some massive 
structural materials. The experimental 
difficulties imposed by the fiber shape 
and dimensions make difficult the deter- 
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mination of behavior at right angles to 
the fiber axis, and little or no data of this 
type are available. The bending be- 
havior and the torsional behavior of tex- 
tile fibers are at least as important as the 
tensile behavior. Some good data exist, 
but there is great need for standardized 
test methods and for more data on these 
two derived properties. 

The most widely used physical test of 
manufactured fibers is the determination 
of breaking strength and breaking elonga- 
tion of single fibers or of small groups of 
parallel fibers in the form of continuous 
filament yarn. In the case of continuous 
filament yarns, their high degree of uni- 
formity of size makes reliable the calcu- 
lation of breaking stress or breaking 
tenacity from the measured breaking 
load and yarn number (fineness). In the 
case of single fibers, the degree of vari- 
ation of cross-sectional area from fiber to 
fiber and, in the case of the natural fibers, 
even within short lengths of the same 
fiber, makes the calculation of stress 
from the observed load less dependable, 
but some data on breaking stress or on 
breaking tenacity of natural fibers and 
considerable data on manufactured fibers 
are available. 

Existing A.S.T.M. textile specifications 
prescribe standard methods of testing 
the breaking strength of fiber bundles of 
cotton fibers and of rayon staple fibers; 
and the breaking strength of single 
strands of rayon filament yarn, spun 
rayon yarn, rayon tire cord, cotton tire 
cord, and cotton, asbestos, linen, ramie, 
hemp, glass, jute, woolen, worsted, and 
mixed fiber yarns. Except for tire cord, 
however, no mention is made of measur- 
ing and reporting elongation. I recom- 
mend strongly that the determination of 
elongation be incorporated into every 
one of the Society’s standards for the 
testing of textile fibers and textile yarns. 

If the breaking stress P in terms of 
either tensile strength or tenacity, and 
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the breaking strain E in terms of unit 
elongation (one hundredth of the per- 


centage elongation) are known, the 
2 


average stiffness S, = E and the toughness 
IR 


E 
can be computed. 


two indices are based on the arbitrary 


index W; = These 


assumption that the stress-strain curve 


is a straight line connecting the origin o0 
with the breaking point « (Fig. 4). 
Since the actual stress-strain curve for 
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P alone or even from P and E. It is 
obvious that values for elastic stiffness 
S,, yield stress p,, and resilience R, are 
needed to fill in the elastic details of the 
fiber ‘“‘portrait” and that the actual 
stress-strain curve will yield more ac- 
curate information than the straight-line 
approximation. Nevertheless, much can 
be learned from the P-S,-W;  in- 
dices. Table XI gives the average val- 
ues of these criteria for 26 different fibers 
as determined from a compilation of 


TABLE XI.—GENERAL INDICES OF MECHANICAL CHARACTER OF SOME FIBER MATERIALS 
(P-Sa-Wi VALUES). 


Tenacity Average Stiffness Toughness Index 
P Sa | 
Fiber Material g. Fiber Material gZ. Fiber Material g. cm. 

gx.cm 
Nylon (strong) 5.8 | HEMP 200 Nylon (strong).............. | O.41 
FLAX 5.5 || JUTE 185 SILK (Boiled off)............ 0.40 
RA MIE 5.0 || ABACA (Manila “Hemp” ) 0.32 
ABACA (Manila “Hemp’’)... 4.6 || RAMIE .|167 SILK (Tussah)............ 0.30 
4.5 || SISAL 127. || VinyI—E................... 0.30 
4.5 || Saponified Acetate... Viny!l—1. 0.30 
4.5 | Viscose—G | 75 0.25 
4.0 || COTTON | 57 0.20 
4.0 || Nylon (strong) ....... 41 0.20 
SILK (Tussah)................ 3.8 || SILK (Tussah)... | 24 Viscose M.T................ 0.19 
3.7 | 23 Saponified Acetate......... 0.19 
SILK (boiled 3.5 || Nylon (reg.)............ 22 0.17 
3.3 || Vinyl—2 | 22 || Acetate R. 0.16 
3.0 || Vinylidene 0.14 
2.8 || SILK (Boiled off) 0.14 
Viscose M.T................... 2.4 || Viscose M.T. 15 || Viscose—G..........,...... 0.14 
2.0) C uprammgnium R.T 14. | Cuprammonium R.T. 0.13 
Cuprammonium R.T........... 1.9 || Viscose ‘ 10 RAMIE 0.08 
1.8 || Vinyl—1 7 ABACA (Manila “Hemp”’) 0.07 
| 1.3 Acetate R.T 5 Glass 0.06 
each commercial textile fiber lies above data from over 30 different sources: 


this straight line, these stiffness and 
toughness indices will be conservative. 
Table X shows the part of the scheme 
which can be based on tests of tenacity 
and elongation when the stress-strain 
curve is not available. 

The three values P?, S,, and W; which 
can be thus obtained from the measure- 
ment of the tenacity and breaking elon- 
gation of a fiber give a much better indi- 
cation of the textile “personality” of the 
fiber material than can be obtained from 


In Fig. 5, these values are charted as 
relative tenacity, relative average stiff- 
ness, and relative toughness index, re- 
spectively, on scales in which the stiffest, 
the strongest, and the toughest fiber ma- 
terial listed in Table XI are each 
rated 100. 

In examining this table and chart, I 
must ask you to temper with charity the 
indignation which you will probably feel, 
if your favorite fiber material is not 
blessed with the perfect combination of 
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stiffness, strength, and toughness. This 
charity is solicited because dependable 
comparable data on breaking stress and 
breaking elongation of many fiber ma- 
terials, particularly those of natural 
origin, are not plentiful. There is no 
doubt in my own mind that the accumu- 
lation of additional dependable data on 
each fiber material will result in shifting 
some of them up or down each of the 
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ganization such as that institute, the 
Textile Foundation, er the Textile Sec- 
tion of the National Bureau of Stand- 
ards make a series of tests of all of the 
natural and manufactured fibers under 
uniform conditions of temperature, rela- 
tive humidity, and rate of loading in 
order to provide the textile industry 
with comparable data on these basic 
qualities of fiber materials. 


RELATIVE TOUGHNESS INDEX 


FIBER % RATING FIBER % RATING FIBER % RATING 
SAP ACETATE 100 GLASS 100 VINYLIDENE 
q 
GLASS FLAx 
NYLON (STRONG) 
— 90 — 90 
BAMIE 80 80 80 
iL K (BOILED OFF 
Heme 
SQTION 
SILK (TUSSAH) ABACA (MANILA HEMP) 60) 
SLSAL RAMIE ACETATE 
SILK (BOILEO OFF) ————-+ Sik (TUSSAH) 
VINYL-E 
VINYL? 2 VINYL -1 
—50 —50 
VISCOSE -H.7. 
UTE SISAL L = 2 — -— 
—40 — 40 —4q 
VISCOSE 
SAP ACE TATE VISCOSE -H.T. 
SE -M.T. 
ACETATE-RT 
NYLON & S 20 —+20 
VINYLIDENE 
(BOILED OFF. 
CASEIN VISCOSE -RT GLAS 
—!0 q VINYL -1 } — 410 
ACE TATE-RT. 
4 
Ji 3 ITE 
VINYL-E - 
Fic. 5.—Relative Scale of General Indices of Mechanical Character of Some Fiber Materials. 


three scales. I have two proposals for 
facilitating such adjustments. One is to 
ask each interested person to send me 
references to any published data, or any 
unpublished data of his own, which 
should be put into the pot in which these 
figures were brewed in order to improve 
the authenticity of this table and chart. 
My second proposal (based on a sug- 
gestion received by the Textile Research 
Institute) is _ that some | Tesearch or- 


Meanwhile, this preliminary compila- 
tion can be studied with profit, for it 
clarifies some things that a textile man 
knows by empirical experience, and re- 
veals some things that many of us may 
not have known or understood. Re- 
member that we are now discussing the 
unit values or indices of the properties of 
FIBER MATERIALS and that, as we shall 
see shortly, the stiffness, strength, and 


toughness of the fibers themselves are in- 
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fluenced by their shape and dimensions 
as well as by the properties of the ma- 
terials of which they are composed. This 
distinction is analagous to that in the 
field of metals, where the unit values of 
strength, etc., for a given type of steel 
are the basic data by which the engineer 
can understand his raw material. These 
inherent substance properties are re- 
sponsible in part for the mechanical be- 
havior of a beam of that steel, but its 
actual strength, stiffness, etc., are de- 
pendent also on its shape and dimen- 
sions. Because textile fibers are such 
tiny beams, this distinction is harder to 
remember, but it is equally important. 

Just as the adjectives “hot” and 
“cold” describe the opposite ends of a 
temperature scale or provide a non- 
numerical way of describing the relative 
degree of hotness of one or more objects, 
so we can describe the range of each of 
these three mechanical qualities on the 
numerical scales of Table XI or on the 
percentage scales of Fig. 5 thus: 

Strength or tenacity ranges from 

strong to weak. 
‘Stiffness ranges from stiff to pliant. 

Toughness ranges from fough to 

yielding. 

Table XI indicates, for example, that 
silk substance is several times stiffer than 
wool substance, and that cotton sub- 
stance is several times stiffer than silk 
substance; while glass substance, at the 
top of the stiffness scale, is some seventy- 
five times stiffer than wool substance. 
Acetate rayon is about as pliant as wool, 
and viscose rayon is comparable to silk 
in its pliancy (or stiffness). 

Some of the strongest fiber substances 
(such as glass, flax, ramie) are very 
stiff, but very low on the toughness scale, 
that is, very yielding. This combination 
spells brittleness. The combination of 
low toughness and low strength, on the 
other hand, means excessive softness and 
makes a poor fiber. 
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Some fibers, such as wool, regular 
acetate rayon, and high impact ace- 
tate rayon are approximately equal in 
strength, but differ in toughness. 

From these data, the personalities of 
some fiber materials might be char- 
acterized as follows: 

Wool—very pliant, weak, but tough. 

Silk—pliant, moderately strong, and 

very tough. 

Cotton—moderately stiff, moderately 

strong, and moderately tough. 

Flax—very stiff, very strong, but very 

yielding (brittle). 

These three quality indices provide a 
general guide to the mechanical nature 
of a fiber substance which is far more en- 
lightening than breaking strength alone, 
on which we have all been inclined to 
lean too heavily in the past. They are 
an answer to the question, “Can a fiber 
material take it?’ They do not, how- 
ever, tell us anything about the elasticity 
or resilience of the fiber. These criteria 
do not answer the question, ‘‘Can a fiber 
material take it and hand it right back?” 
For this we must have some sort of 
stress-strain curve and, when we turn to 
fhe traditional type of curve which has 
served our purpose thus far, we find it 
inadequate because most textile fiber 
materials exhibit the complex plastic- 
elastic behavior which is characteristic of 
high polymeric materials in general 
rather than the simpler behavior of 
crystalline structures such as the metals. 

The typical stress-strain curve for 
many metals at room temperatures has a 

rather sharply defined yield point below 
which the metal is essentially elastic and 
above which it is essentially plastic. 
Therefore, the location of the yield point 
in the curve permits the ready deter- 
mination of elastic limit, elastic stiffness, 
and resilience. The elastic limit is read 
directly from the yield point. The elas- 
tic stiffness is computed from the slope 
of the curve between the origin and the 
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yield point. The resilience is computed 
from the area under that portion of the 
curve between the origin and the yield 
point. 

In the case of fiber materials, however, 
the very structure which makes them 
useful for textiles results in a much more 
complex behavior under stress. Elastic 
and plastic phenomena are concurrent, 
rather than consecutive. Furthermore, 
the elastic reaction itself is not wholly 
instantaneous, as in the case of a metal, 
but exhibits “‘laziness’’; that is, if a given 
load which is within the elastic limit is 
applied to a fiber material, the material 
does not stretch instantly to the corre- 
sponding elongation, but stretches part 
way rapidly and then creeps, slower and 
slower, until it finally reaches its equilib- 
rium elongation. When the load is re- 
moved, the fiber material contracts 
rapidly at first, and then creeps, slower 
and slower, until it reaches its original 
length. 

Consequently, the actual course of the 
stress-strain curves of fiber materials are 
much more dependent upon time (rate 
of loading) than are the stress-strain 
curves of metals, and the location, the 
sharpness, and even the presence of a 
yield point are largely dependent upon 
the experimental conditions of the ten- 
sion test. This is illustrated by Fig. 6, 
which reproduces actual stress-strain 
curves of a few fiber materials made in 
the usual way at a constant rate of 
loading of 4 g. per denier per min. 

There are many publications which 
deal with the elastic-plastic behavior of 
fiber materials. For those who wish to 
pursue the subject in detail, one of the 
best analyses of the relation between 
internal structure and this complex be- 
havior is a paper by Press and Mark.” 
Leaderman"™ has reviewed the historical 


2 J. Press and H. Mark, “Elasticity, Creep, and Re- 
covery of Acetate and Viscose Rayon Yarns,” Rayon 
Textile Monthly, Vol. 24, pp. 297, 339, and 405 (1943). 

H. Leaderman, “Elastic and Creep Properties of Fila- 
mentous Materials and Other High Polymers,”’ The Textile 
Foundation, Washington, D. C. (1943). 
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development of the subject of elasticity 
and creep in filamentous materials in the 
book which records his own painstaking 
investigations in this field. 

With the engineer’s enthusiasm to re- 
duce theory and experiment to some sort 
of practical working philosophy, let us 
return to Table IX and to the problem 
of providing usable criteria of mechanical 
behavior of fiber materials for textiles. 

The unit breaking toughness can be de- 
termined from the usual stress-strain 
curve (Fig. 4) by computing, in terms of 
the units used to plot stress and strain, 
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Fic. 6.—Stress-Strain Curves of Some Fiber 
Materials. 


From G. Loasby, Journal, Textile Inst., Vol. 34, p. 51 
(1943). 


the area under the entire actual stress- 
strain curve. The unit breaking tough- 
ness will always be larger than the 
toughness index because the actual stress- 
strain curve always lies above the straight 
line connecting the origin with the break- 
ing point. Breaking toughness is an 
accurate measure of the work required 
to rupture the fiber material (under the 
test conditions). 

The unit toughness up to any given 
stress (or any given strain) can be simi- 
larly computed from the area under the 


4 


ar 
in 
of 
be 
th. 
nd | 
ely 
a 
ire 
= 
ne, 
to 
are | 
ber 
ria | 
ber 
) to 
has 
1 it 
ber - 
tic- 
eral | 
of | 
for 
as a 
‘low 
and 
stic. 
oint 
ter- 
1eSS, 
read 
lope 


568 EpGAR MARBURG LECTURE 


stress-strain curve between the origin 
and the given stress (or strain). 

If the stress or strain selected is the 
yield point, that is, the elastic limit of 
the material, then the unit toughness 
becomes the unit yield resilience, a meas- 
ure of the maximum recoverable work 
which the material can absorb without 
permanent deformation, or, in other 

Constant 

Yield Stress py 


Increasing 
Strain ey. 


elastic stiffness is usually greater than 
the average stiffness. 

This brings us right back to the fact 
that we cannot determine the elastic 
limit of a fiber material from a yield 
point on the simple stress-strain curve 
which’ we have used thus far. Before 
we discard this curve and turn to the 
problem of how to get usable data on 


Constant 
Stiffness Sy, 
Increasing ~~ 
Yield Stress and Strain 
Constant , 
Yield Strain ex 
/ncreasing 
Yield Stress Py 
Fic. 7. 


words, a measure of its springiness or 
liveliness. Furthermore, the stiffness 
computed from the stress and strain at 
the yield point is the elastic stiffness, a 
true measure of the inherent stiffness 
of the fiber material below its elastic 
limit, which means under most con- 
ditions of household and apparel use and 
many conditions of industrial use. The 


Relationship Between Stress, Strain, Stiffness, and Resilience at the Yield Point. 


elastic limit and resilience, I would like 
to use the idealized elastic portion of the 
traditional curve to visualize the wide 
range of textile character obtainable in 
fiber materials by selecting or creating 
materials with different combinations of 
yield stress and yield strain, that is, 
elastic strength and elongation. 

In Fig. 7, the interrelation of yield 
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stress and strain, elastic stiffness, and 
resilience is portrayed. Only the elastic 
portion of the stress-strain curve is 
drawn (as a straight line) and the area 
under part of the curve is blacked in. 
The elastic stiffness, computed from the 
slope of the curve; and the resilience, 
computed from the area under the curve, 
are tabulated for three sets of conditions, 
as follows: 

(a) Doubling and trebling the yield 
strain e, at constant yield stress fy. 

(b) Doubling and trebling the yield 
stress p, at constant yield strain e,. 

(c) Doubling and trebling the yield 
point (yield stress and strain) at constant 
elastic stiffness S,. 

The relationships revealed by this 
graphic analysis may be summarized as 
follows: 

At constant yield stress p,, the elastic 
stiffness is inversely proportional to the 
yield strain, and the resilience is directly 
proportional, to the yield strain and in- 
versely proportional to the elastic stiff- 
ness. 

At constant yield strain e,, the elastic 
stiffness is directly proportional to the 
yield stress, and the resilience is directly 
proportional to the yield stress and also 
to the elastic stiffness. 

At constant elastic stiffness S,. the 
yield stress is directly proportional to the 
yield strain, and the resilience is directly 
proportional to the square of the yield 
stress and to the square of the yield 
strain. 

Inasmuch as good resilience is more ‘o 
be desired in fiber materials for textiles 
than mere strength, the attention cf 
fiber creators might well be directed to 
the following facts derived from this 
analysis: 

1. An increase in either the yield stress 
or the yield strain will increase the re- 
silience in direct proportion. However, 

(a) increasing the yield stress will in- 
crease the elastic stiffness, whereas 


(6) increasing the yield strain will de- 
crease the elastic stiffness. 

2. If the elastic stiffness is to be held 
constant, the only way to increase the 
resilience is to increase the yield stress 
and strain in equal proportions. This 
will move the yield point outward, that 


is, lengthen the straight-line portion of | 


the stress-strain curve. The resilience 
will increase as the square of the yield 
stress (or yield strain). 


3. There must be an optimum elastic — 


stiffness from the standpoints of fabric 
hand and of brittleness under flexure. 
Increases in resilience obtained by ex- 
ceeding this optimum stiffness are pur- 
chased too dearly, except for special 


purposes for which stiffness is more im- | 


portant than other characteristics. 
Considerations such as these empha- 
size the desirability of an experimental 
technique which will provide data on the 
elastic behavior of fiber materials. How- 
ever, no standard method or methods for 
determining the elasticity and the re- 
silience of fiber materials exist in this 
country. I recommend this to A.S.T.M. 
Committee D-13 as an important field 
for further usefulness to the textile in- 


dustry. We need, first, the promulga- — 


tion of a standard method of obtaining 
the usual] stress-strain curve as a basis 
for determining stress, strain, stiffness, 


and toughness criteria such as those — 


which we have been discussing. Sec- 


ondly, we need the development and 


promulgation of a method of obtaining 
stress-strain behavior which will enable 
us to determine the elastic limit in terms 


of yield stress and strain, the elastic re- — 


covery from any given stress or strain, 
the yield resilience, and the resilient 
recovery from any given stress or strain. 


An interesting beginning of the study of — 


resilience measurements was made by a 
special subcommittee of Committee D-13 
under the chairmanship of F. D. Pil- 


a 


_ grim, but was interrupted at an early 
stage by the war." 

In addition to the standardization of 
_ methods of determining stiffness, tough- 
ness, elasticity, and resilience of fiber 
_materials in the form of fibers or fila- 
‘ment yarns at ordinary rates of loading, 
-- standard tests at two other rates of 
loading should be developed: one at a 
very slow rate approaching creep at 
constant load, and one at a fast rate 
approaching instantaneous impact or 
shock. These three tests would provide 
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and unload the fibcr material at a con- 
stant rate of 4 g. per denier per min. 
The specimen is stressed until a pre- 
determined strain is reached (5 per cent 
in the case of the silk and nylon curves 
in Fig. 8), then unloaded to zero stress, 
then reloaded until the next predeter- 
mined stress is reached (10 per cent in 
the case of these curves), then unloaded 
to zero stress, and so on until the speci- 
men breaks. By repeating the experi- 
ment on fresh specimens at various 
strain intervals, the elastic limit, or yield 


Silk 


Viscose 


a sound engineering basis for predicting 
the performance of fiber materials in 
textiles according to their intended use. 

A number of investigators have ap- 
proached the problem of measuring the 
elastic properties of fiber materials on 
existing constant-rate-of-loading testing 
machines by performing a series of load- 
ing and unloading cycles-which results in 
the type of curve shown in Fig. 8. Such 
a curve is made on the inclined plarie 
tester which is normally adjusted to load 


4“ F, D. Pilgrim, three unpublished reports to Sub- 
committee B-1 of A.S.T.M. Committee D-13 by Special 
Committee on Resilience (May 24, 1940; October 9, 1941; 
and March 5, 1942). 
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Fic. 8.—Cyclic Stress-Strain Curves of Some Fiber Materials. 
From G. Loasby, Journal, Textile Inst., Vol. 34, p. 52 (1943). 


point, for the conditions of the test can 
be determined as the maximum stress 
(and strain) from which the material will 
contract to its original length upon re- 
turning to zero load. By comparing 
Fig. 8 with Fig. 6, it will be observed 
that, for each fiber material Fig. 8, the 
composite curve described by the first 
loading cycle and the upper part of the 
succeeding loading cycles is essentially 
the same as that of the simple stress- 
strain curve of the same fiber material in 
Fig. 6. 

The committee on textile standards 
(Normenauschuss) in Germany has pre- 


~ 


af Beeil.ence nar cant 


| if 


scribed this procedure for determining 
the recoverable strain and the recover- 
able work at various stresses. The 
curves in Fig. 9, which were published 
by Schramek and Hempel,” show the 
German method of plotting the results 
of the cyclic stress-strain test as the 
relation between the stress and the de- 
gree of elasticity. The degree of elas- 
ticity is the ratio of recoverable (elastic) 


strain to total strain at any given stress. _ 


It varies from one fiber material to an- 
other and, for each fiber material, it 
decreases as the stress increases. 

The usefulness of the cyclic stress- 
strain curve for comparing the elastic 
properties of various fiber materials un- 
der a specified test procedure is illus- 
trated in Loasby’s paper on the mechani- 
cal behavior of nylon and other fibers." 
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Fic. 10.—Relation Between Degree of Resili- 
ence and Strain for Some Fiber Materials. 
From G. Loasby, Journal, Textile Inst., Vol. 34, p. 52 
(1943). 
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Fic. 9.—Relation Between Degree of Elasticity and Stress for Some German Rayon Staple Fibers _ 
(Schramek and Hempel). 


Figure 10, taken from his paper, sum- — 


marizes the results of an investigation of 
the degree of resilience (which he calls 
“recovery power’’) of a number of fiber 
materials at various strains. These data 
were obtained from load-recovery cycles 
made at a constant rate of loading of 4 g. 
per denier per min. The degree of re- 
silience is the ratio of the area under the 
recovery part of the cyclic stress-strain 
curve (Fig. 8) to the area under the 
Joading part of the curve. Figure 10 
indicates that at strains of less than 3 
per cent, the resilience of silk is superior 
to nylon and that below about 1.5 per 
cent strain, the resilience of silk, cotton, 
viscose, and acetate is probably better 
than nylon; whereas, above 3 per cent 
strain, the superiority of nylon’s re- 
silience over that of the other fibers 
increases rapidly. According to this 
chart, the maximum degree of resilience 
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Textilindustrie, Vol. 53, p. 19 (1938) 
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(expressed as percentage) for each fiber, 
and the percent strain at which it occurs, 
is as follows: 


ST ere 50 per cent at 8 per cent strain 
ais cg .. 30 per cent at 3 per cent strain 
19 per cent at 3 per cent strain 
Wicose R.T. ........... 16 per cent at 2 per cent strain 
15 per cent at 4 per cent strain 


11 per cent at 14 per cent strain 
Cuprammonium........ 10 per cent at 2 per cent strain 

Another bit of interesting evidence on 
fiber properties can be obtained from 
some data on the tensile strength (break- 


of the order of A.S.T.M. standard prac- 
tice. The toughness and resilience of 
each fiber were determined at 60 per cent 
of its breaking stress P and computed 
to a unit volume basis. The values, 
therefore, represent breaking stress P, 
unit toughness Wg, and unit resilience 
Re in engineering terms in our system. 

A glance at this chart evokes a very 
marked respect for the mechanical 
stamina of silk which combines strength, 
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_ Fic. 11.—Strength, Toughness, and Resilience of Some Fiber Materials (Mark). 


ing stress), modulus of rupture (tough- 
ness), and resilience, which are scattered 
through several tables in a book by 
H. Mark.” I have assembled these data 
(which are given in engineering units of 
kg. per sq. mm. for strength and kg. mm. 
per cu. mm. for toughness and resilience) 
in chart form in Fig. 11. I believe that 
the tests were made at rates of loading 


17H. Mark, Die Physik und Chemie der Cellulose, 
Julius Springer, Berlin (1932). 
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toughness, and resilience in high degree. 
The sturdiness of wool, despite its low 
strength, is also very evident. Nylon is 
absent because these data antedate the 
advent of that fiber material. The data 
in this chart and in Fig. 10 supplement 
the P-S,-W; values which we have previ- 
ously examined by providing some indi- 
cation of the elastic part of the me- 
chanical character of fiber materials. 
Because of the complex elastic-plastic 
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behavior of fiber materials which we 
have already mentioned, great caution 
should be exercised in extrapolating any 
data on elasticity or resilience from 
laboratory tests to predictions of per- 
formance-in-use or even in comparing 
elasticity and resilience data in one paper 
with that in another. In order to build 
up a dependable body of comparable 
data, there is an urgent need for the 
standardization of test methods for de- 
termining important criteria of fiber 
material character in accordance with 
some such system as is here proposed. 


The Effect of Moisture, Heat, and Rate 
of Loading on the Mechanical Proper- 
lies of Fiber Materials: 


Thus far, we have simplified our dis- 
cussion by confining our observations 
and calculations to data obtained under 
standardized conditions of relative hu- 
midity, temperature, and, for the most 
part, rate of loading. The promotion by 
Committee D-13 over a period of twenty- 
live years (as well as by other standard- 
ization and testing groups) of a standard 
atmosphere of 65 per cent relative 
humidity and 70 F. for the conditioning 
and testing of all textile materials has 
been invaluable to the industry; as has, 
also, the specflication of 12 in. per min. 
for the speed of the pulling jaw of 
pendulum-type testing machines and 
4 g. per denier per min. for the rate of 
loading of constant specimen-rate-of-load 
testing machines. 

Adherence to these test conditions per- 
mits the comparison of data obtained in 
the same Jaboratory at different times 
and in different laboratories. It has 
contributed a great deal to the control of 
quality in the production of fibers, yarns, 
and fabrics and to the mutual under- 
standing of seller, buyer, and consumer 
of all textiles whose value is based in part, 
or in whole, on mechanical properties. 
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Nevertheless, these test conditions are 
arbitrary and actually eliminate three 
of the variables which must be studied 
in order to predict the behavior of textile 
materials in the real world of changing 
temperature, moisture content, and load- — 
ing conditions. Testing wet specimens, - 
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Fibers. 


Fic. 12. 


which is also specified in some cases, 
gives useful information on the maximum 
effect of moisture, but still fails to pro- 
vide a working knowledge of the effect 
of varying atmospheric humidity on 
textile character. 


(a) Effect of Moisture. 


All of the natural fibers and many of 


\ 
+ 
35 | 
T 
+ + 
i) 
10 o 
Qo" 
= cott Coe 
| 
| 
al 


574 EpGAR MARBURG LECTURE 


TABLE XII.—THE EFFECT OF MOISTURE ON THE 
LATERAL SWELLING AND THE STRENGTH OF 
SOME FIBER MATERIALS. 


| F Swelling in 
| Moisture welling 
| Regain, per Water, per Wet 


cent 
| increase in 
Fiber Material cross-sec- 

tional area 
at | at | fom aie value at 
65% | 100% | dry to wet 65% R.H. 
R.H. 

7 Se 14.7 33 32 80 to 90 
Viscose R.T...... 13.1 | 45 45 45 to 55 
RES: 9.5 36 | 30 75 to 85 
Cotton 44 110 to 120 
Acetate R.T...... 6.0; 18 il 65 to 70 
8 slight 85 to 90 

Vinyon......... 0 0 | 0 100 


Note: The figures in the literature for regain at 100 
r cent relative humidity and for on of cross section 
rom air-dry to wet state vary considerably due chiefly to 
experimental difficulties. These data as given above are, 
therefore, approximate averages of the collected data 
except in the case of silk for which the regains and swelli 
values are based on a paper by A. C. Gcodings and L. H. 
Turl, Journal, Textile Inst., Vol. 31, p. T-69 (1940). The 
figures for regain at 65 per cent relative humidity and for 
change of strength from air-dry to wet state are founded on 
consistent published data. 


humidity of the- surrounding air, and 
affects not merely the weight of the yarn 
or fabric, but also the dimensions of the 
fibers and all of the mechanical properties 
which we have been discussing. 

The relation between relative humidity 
of air at 70F. and moisture regain 
(moisture content as a percentage of the 
weight of dry material) for some textile 
fiber materials is shown in Fig. 12 based 
on data from various published sources. 
These curves show absorption, that is, 
the amount of moisture picked up from 
the dry side. An excellent study of the 
relation between relative humidity and 
moisture regain at elevated temperatures 
(96 to 302 F.) has been published by 
Wiegerink.!® 
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Fic. 13.—Stress-Strain Curves of Some Fiber Materials in an Atmosphere of 70 F. : 
(a) O per cent relative humidity. 
(b) 65 per cent relative humidity. 
(c) 100 per cent relative humidity. 
Computed and plotted from data provided by Hindman and Fox. 


the manufactured fibers are hygroscopic, 
absorbing moisture from or losing mois- 
ture to the surrounding air until equilib- 
rium between fiber moisture and air 
moisture is reached. The moisture con- 
tent of each hygroscopic fiber material is 
very sensitive to changes in the relative 


= 


@ 
The amount of absorbed moisture at 


65 per cent and at 100 per cent relative 
humidity (wet) for a number of fiber 
materials is given in Table XII, which 
also indicates the lateral swelling and the 


18 J. G. Wiegerink, Textile Research, Vol. 10, p. 357 
(1940). 
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change of strength produced by this applied generally to all fiber materials. 
difference in absorbed moisture. It is Evidently, the molecular composition 
apparent from these data that there.isno and structure of the material influence 
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Fic. 14.—Effect of Relative Humidity on Stress-Strain Curves of Selected Fiber Materials from 
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(a) ae stiffness versus relative humidity. (b) Toughness index versus relative humidity. 
Fic. 15.—Effect of Humidity on Stiffness and Toughness. 


From Hinkman and Fox data. 


consistent relationship between any of not only how much moisture is absorbed, 
the three factors, moisture pick-up, but also how this absorption affects the 


swelling, and strength, which can be swelling and the strength. 
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Comparatively few data on the effect 
of moisture on the stress-strain curves 
are available. Hindman and Fox, of the 
Textile Division at Massachusetts Insti- 
tute of Technology, have conducted such 
a study on acetate rayon, cupram- 
monium rayon, nylon, and several types 
of viscose rayon.'? Through the courtesy 
of these authors, I have obtained the 
detailed data on which their load-exten- 
sion curves were based and have con- 
verted the loads to tenacity in terms of 
grams per grex and plotted the stress- 
strain curves. These experiments were 
not all made at the same rate of loading, 
but the rates were so low (ranging from 
0.3 to 1.0 g. per grex per min.) that the 
differences should not prevent us from 
getting comparable information on the 
influence of moisture by a study of these 
curves (Fig. 13). At each of the three 
selected relative humidities, namely, 0 
per cent, 65 per cent, and 100 per cent, 
the curve for a given fiber material has 
the form which is characteristic of that 
material. 

Increasing relative humidity shifts the 
curves for all six fiber materials toward 
the strain axis, but the magnitude of the 
softening effect is different for each, being 
least for nylon and greatest for regular 
tenacity viscose. This is shown more 
clearly in Fig. 14, in which the curves 
for a given fiber are superimposed. 

The effect of relative humidity on 
average stiffness S, and on toughness 
index W; is shown in Fig. 15, plotted on 
semilogarithmic coordinates so that equal 
vertical distances represent equal per- 
centage changes. Figure 15 (a) shows 
that the order of average stiffness is the 
same at all humidities, except for cupram- 
monium rayon which is stiffer than nylon 
at 0 per cent relative humidity but less 
stiff at 65 and 100 per cent relative 
humidity. The average stiffness of nylon 


19H. Hindman and K. R. Fox, “Effect of Relative 
Humidity on Load-Elongation Properties of Certain 
nl Rayon Textile Monthly, Vol. 24, pp. 235 and 287 
(1943) 


is least affected and that of regular 
viscose most affected by humidity 
changes. The rate of increase in pliancy 
is generally greater above than below 
65 per cent relative humidity. Figure 
15 (6) shows that the toughness index is 
much less sensitive to changes in relative 
humidity than is average stiffness. The 
viscose rayons appear to be tougher at 
65 per cent relative humidity than at 
0 or 100 per cent relative humidity. 
The toughness of nylon, regular tenacity 
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Fic. 16.—Stiffness at 1 per cent Strain versus 
Relative Humidity. 


acetate ,rayon, and saponified acetate 


rayon is relatively insensitive to moisture. 

From the same data from which the 
curves in Fig. 13 were plotted, the stress, 
stiffness, and toughness, at 1 per cent 
strain, were calculated. If we assume 
that the yield point of all of these fibers 
is above 1 per cent strain, then the data 
tell us something about how the elastic 
stiffness and the resilience of these fiber 
materials at small deformations are 
affected by changes in relative humidity. 
Figure 16 shows the effect of relative 
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humidity on the elastic stiffness at 1 per 
cent strain and reveals great differences 
in the sensitivity to moisture. Acetate 
rayon is least affected; viscose and 
cuprammonium rayons, the most. Ny- 
lon and saponified acetate occupy an 


_ intermediate position with respect to the 


softening influence of moisture on the 
elastic stiffness at small strains. It is 
clear that the order of elastic stiffness of 
the various fibers, as well as the magni- 
tude of this criterion, changes with 
changing relative humidity. 

Since for strain e = 0.01, S,; = 100 p, 
and R, = 0.005 p; it follows that the 


effect of relative humidity on stress and 


on resilience at 1 per cent strain would 
also be indicated by Fig. 16 if the values 
of the ordinates were changed as indi- 
cated by the above relationships. In 
other words, stress, elastic stiffness, and 
elastic resilience, at 1 per cent strain, are 
all affected similarly by relative humid- 
ity but to a different degree. 

At the risk of sounding repetitious, I 
think it well to point out that here again, 
as in the discussions of degree of elasticity 
and degree of resilience, the values of 
strength, stiffness, toughness, and re- 
silience obtained from Hindman and 
Fox’s data cannot be compared with 
other stress-strain data determined un- 
der different experimental conditions. 
Nevertheless, they do provide a valid 
way of learning something about the 
effect of relative humidity on the me- 
chanical behavior of these fiber materials. 


(b). Effect of Heat. 


The textile fibers are, in general, far 
less sensitive to heat than to moisture, 
particularly within the range of climatic 
temperatures ordinarily encountered. A 
rule-of-thumb generalization states that 
a change of 10 F. in temperature is ap- 
proximately equal to a 1 per cent change 
in relative humidity in its effect on the 
physical properties of textiles. The 
effect of increasing temperature is in the 
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direction of decreasing strength and in- 
creasing elongation, that is, decreasing 
stiffness. 

Fiber materials can be divided into 
two general classes with respect to the 
effect of heat—thermoplastic and non- 
thermoplastic. Acetate, vinyl, and 
nylon are typical examples of the first; 
silk, cotton, flax, and viscose, of the 
second. 

The rate of change of the physical 
properties per degree rise in temperature 
is of the same order of magnitude for 
both types at ordinary temperatures, 
but, as the softening points of the 
thermoplastic materials are approached, 
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Fic. 17.—Effect of Temperature on the Tensile 
Strength of Cotton and Rayon Tire Cords. 
From W. F. Busse, Journal of Applied Physics, Vol. 13, p. 
715 (1942). 


they yield and begin to flow under load. 
This is the reason that excessive tem- 
peratures must be avoided in ironing 
acetate rayon, for example, to prevent 
shine, or glazing, or even destruction 
by melting. On the other hand, thermo- 
plasticity makes possible the production 
of permanent moiré and other embossed 
patterns on fabrics of acetate rayon or 
nylon, permanent pleats and creases in 
garments of these materials, and pre- 
boarding or setting of acetate and of 
nylon hosiery. The softening points of 
thermoplastic textile fibers vary, ranging 
from that of the vinyl fibers, which be- 
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come sufficiently thermoplastic in the 
neighborhood of 150F. to permit the 
internal tension which has been set up 
during manufacture of the fiber to cause 
a large contraction, to nylon, whose 
softening point is sufficiently high to 
permit its use in airplane tires. Ace- 
tate rayon falls between these two. 

The effect of increasing temperature 
on nonthermoplastic fibers is generally 
proportional to the temperature up to 
the point where thermal decomposition 
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elongation is much less sensitive to rate 
of loading. Peirce, in England, found 
that the elongation of single cotton 
fibers, cotton yarns, and rayon filaments 
remains fairly constant over a wide range 
of loading rates, whereas the ‘strength 
increases with faster rates of Joading.”! 
The lower limit of rate of loading is a 
constant load. A fiber will break in time 
under a constant load at a unit stress 
which is well below its breaking stress 


as determined at 4 g. per denier per min. 


10} 


15 20 


Elongation, percent 


_ Fic. 18.—Effect of Rate of Loading on Tensile Behavior of Nylon. 
From E. R. Schwarz, M.I.T. Textile Division, 


or “tendering” begins. Figure 17, which 
is reproduced from a paper by Busse and 
co-workers, shows the effect of dry heat 
on the tensile strength of rayon and 
cotton tire cords.”° 

(c) Effect of Rate of Loading. 

For all fibers, the breaking strength 
increases as the rate of application of the 
load increases. In general, the breaking 


20 W.F. Busse, E. T. D. L. Laughborough, and 
L. Larrick, “Fatigue of Fabrics,” Journal of Applied 
Physics, Vol. 13, p. 715 (1942) 


The upper limit of rate of loading is 
an instantaneous load which exceeds the 
breaking strength of the fiber. There is 
no laboratory technique for making such 
tests. Very high rates of loading can be 
attained by impact tests, that is, sub- 
jecting the fiber to the force of a weight 
traveling at high speed. Under the di- 
rection of E. R. Schwarz, the Textile 
Division of the Massachusetts Institute 


F, T. Peirce, ‘Some Problems of Textile Testing,” 
Journal of the Textile Institute, Vol. 18, p. T-475 (1927). 
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of Technology, in connection with a 
Slater Mills research program, has de- 
veloped a recording impact tester which 
produces stress-strain curves of fibers or 
yarns broken at loading rates which 
cause rupture in less than 1/200 sec. 
The stress in the fiber is measured by the 
change in electrical resistance of a wire, 
the resistance of which is-sensitive to 
tension. One end of the fiber is fixed to 
this wire and the other end to a bar 
which is struck by a falling weight whose 
movement is recorded by an oscillograph 
and camera in order to provide data on 
strain. 

Figure 18, which was kindly provided 
by Prof. Schwarz, shows the effect of rate 
of loading on the load-elongation curve 
of nylon. Both curves were made on con- 
stant-rate-of-elongation machines devel- 
oped at Massachusetts Institute of 
Technology under the Slater program. 
The lower curve was made at a rate of 
stretching of 12 in. per min. (0.017 ft. 
per sec.), which is of the order of usual 
textile testing speeds; and the upper 
curve, at 21 ft. per sec., which is an in- 
crease of 1200 times in the rate of load- 
ing. The slow, or normal, rate is re- 
ferred to as a static test and the fast 
rate, as a dynamic test. 

The total toughness of this nylon 
sample is approximately equal at both 
rates of loading but the dynamic break- 
ing strength is 16 per cent greater than 
the static, and the dynamic average 
stiffness is 42 per cent greater than the 
static. As the elongation increases, the 
absolute difference between dynamic and 
static loads increases from about 1 Ib. at 
4 per cent elongation to a maximum of 
3.5 lb. at 15 per cent elongation and then 
drops to 1.5 lb. at the break. 

Expressed as percentage of the static 
load, the dynamic load and, therefore, 
the dynamic stress, dynamic average 

. stiffness, and dynamic toughness drop 
rapidly from a maximum of 300 percent 


at elongations of less than 1 per cent to 
180 per cent at an elongation of Sper 
cent, and then gradually to 128 per cent 
at the dynamic breaking elongation of 
18 per cent. 
The results of tests of all fiber ma- 

terials in this machine will be olka 
with interest. 


THE INFLUENCE OF FIBER DIMENSIONS 
ON FIBER BEHAVIOR 


We have examined in some detail the 
influence of the fiber material itself on the 
mechanical behavior of fibers. As has 
already been stated, the nature of the 
material of which a body is made is the 
first of three factors which affect the 
behavior of a body under the influence of 
external forces. The second and third 
are, respectively, the dimensions and the 
shape of the body. In general, for 
tensile forces acting on a beam or a fiber, 
the ultimate strength, the toughness, the 
limit of elastic load, and the resilience 
are each proportional to size and more or 
less independent of shape. Therefore, if 
the unit values of breaking stress, break- 
ing strain, breaking toughness, yield 
stress, and yield resilience of a material 
are known, the breaking strength, break- 
ing deformation, total toughness, yield 
load, and total resilience can be readily 
calculated for any size body, that is, for 
any size fiber. This is not strictly true of 
fibers, because a fiber is usually not a 
homogenous body. Dimensions, there- 
fore, affect somewhat the unit values, as 
well as the ultimate values, of mechani- 
cal behavior. 

Stiffness, on the other hand (which is of 
major importance in the subjective eval- 
uation of textile hand and drape, as well 
as in the objective evaluation of many 
industrial textiles), is affected in a com- 
plex way by dimensions and by shape. 
Parenthetically, it should be pointed out 
that shearing and torsional behavior are 
also markedly affected by shape. 
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The dimensions of a body have a tre- 
mendous effect on its stiffness under the 
influences of bending and twisting forces. 
Torsion is actually a special and compli- 
cated type of shear and of flexure. For 
the sake of simplicity in treatment, let 


ing Handbook, again point the way to a 
quantitative evaluation of this second 
factor in fiber behavior. 

When a beam (or fiber) supported at 
one end is subjected to an external bend- 
ing force F, acting at distance Z from 
the point of support, it is bent (Fig. 19). 
~The total amount of bending or flexure 
is measured by the deflection of the end 
of the beam from its original position. 
The degree of bending at a given point 
is defined by the radius of curvature C 
of the neutral axis of the beam. The 
radius of curvature at any point is 

_ 


FL 


where: 


_S, == elastic stiffness of the material, and 
' = = moment of inertia of the cross- 


section” 
_ 
Hence, F CL 


Thus, the load F at the end of a beam 
or fiber of given length LZ which is re- 
quired to produce a given degree of 
bending (given radius of curvature C) is 
proportional to the product of S, (the 
material stiffness which we have dis- 
cussed above and J (which combines in 


22 In the field of mechanics of materials, the concept 
“moment of inertia” J of a cross-sectional area with 
respect to the neutral axis of that section is defined as the 
limit of the sum of the product of the elementary areas 
into which the area may be conceived to be divided and 
the square of their distances from the given axis. The 
dimension of / is, therefore, the fourth power of a linear 
unit, as, for example, mm‘. 
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itself the dimensional stiffness and the 
shape stiffness). 

In order to examine the effect of di- 
mensions alone on fiber stiffness, the 
effects of shape and of fiber material can 
be eliminated by confining our attention 
to a series of fibers composed of the same 
material, all of which have cross-sections 
of the same shape. 

For a circular cross-section of diam- 
eter d, 


Hence, for a cylindrical fiber of a given 
kind, the bending stiffness in terms of the 


Fic. 19.—Diagram of Flexure of a Beam or Fiber. 


force required to produce a given curva- 
ture in a given length is proportional to 
the fourth power of the diameter. 
Furthermore, since the grex number (or 
the denier) of a fiber of a given kind is 
proportional to the cross-sectional area 
(and, therefore, in the case of cylindrical 
fibers, to the square of the diameter), the 
bending stiffness is proportional to the 
square of the grex (or denier) of the fiber. 
Thus, doubling the grex of a fiber in- 
creases the bending stiffness four times, 
and doubling the diameter of a fiber 
increases the stiffness sixteen times. 
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If S, is expressed in kg. per sq. mm. 
and d, C, and L are expressed in milli- 
meters, the bending stiffness of any 


cylindrical fiber in terms of bending 
_ force F can be computed in kilograms. 


For our purpose, however, it is sufh- 


- cient to examine Table XIII which lists 
a series of acetate rayon fibers ranging 
- from 1.67 to 22.2 grex (1.5 to 20 denier) 
_ which are hypothetical in the sense that 
each is truly circular in cross-section. 
This table gives the diameter of each 


fiber in microns and the relative stiffness 
of each compared to the stiffness of the 
5.55 grex (5 denier) fiber. The value of 
I for each fiber computed to mm.‘ is also 
given. The 22.2 grex (20 denier) fiber 
is 16 times as stiff as the 5.55 grex fiber 
and almost 200 times as stiff as the 
1.67 grex (1.5 denier) fiber. 

Comparison of this range of dimen- 
sional stiffness with the range for the 
inherent stiffness of various fiber ma- 
terials given in Fig. 5 indicates that both 
are of about the same order of magnitude, 
namely, several hundredfold. Thus, 
fiber fineness is as important as fiber 
material with respect to the stiffness of 
textile fibers and, consequently, of textile 
yarns and fabrics. In applying this fact 
to the problem of fabric design, however, 
it should be remembered that fiber bulk, 
or density, is closely interrelated with 
stiffness and other physical criteria in 
producing the subjective qualities of 
hand and drape in fabrics. Two fabrics 
of the same construction and composed 
of fibers of equal stiffness but of different 
fineness (because of a difference in fiber 
material density) would not have the 
same hand, drape, and visual texture, 
even if the mechanical] properties of the 
two fiber materials were otherwise iden- 
tical. 


THE INFLUENCE OF FIBER SHAPE ON 
FIBER BEHAVIOR 


In addition to the inherent material 


stiffness S, and the dimensional stiffness, 
the shape of a body, such as a beam or a 
textile fiber, affects its behavior under 
the influence of external forces. The 
effect of shape of cross-section on the 
bending stiffness can be examined by 
calculating the moments of inertia J of a 
number of cross-sections of different 
shapes but of equal areas. 

The first column in Table XIV illus- 
trates the principal types of cross-sec- 
tional shape found in a sample of 5.55 
grex (5 denier) dull acetate rayon staple 
fiber of the vintage of 1939, during an 
unpublished investigation of stiffness and 
other characteristics by W. F. Macia and 
me. These shapes were selected as typi- 
cal of the range in a random assortment 
of one hundred fibers which were photo- 
graphed and studied. The second col- 
umn gives the ratio of major to minor 
axis for each actual section, as well as 
for two shapes which did not exist in the 
sample, namely, a true circle and a very 
thin rectangle. 

From the various shapes of sections of 
structural beams treated mathematically 
in Mark’s ‘Mechanical Engineering 
Handbook,” shapes resembling the typi- 
cal fiber sections were selected and are 
reproduced in the third column of Table 
XIV. The fourth column gives the 
dimensions of each beam section in 
microns for a cross-sectional area of 421 
sq. microns which is the area of the cross- 
section of a 5.55 grex (5 denier) acetate 
rayon fiber. The fifth column gives the 
engineering formula for the moment of 
inertia J in terms of the dimensions of 
the various sections, and the sixth col- 
umn, the computed moment of inertia 
for each section. The last column gives 
the relative stiffness of each shape about 
the axis indicated in the table, that is, 
the ratio of stiffness of each section to 
the stiffness of a circular section of the 
same area. 
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TABLE XIII.—EFFECT OF FIBER FINENESS ON BENDING STIFFNESS.* 
y | 
a Moment of Relative 
Dimensional 
i Diameter mm.* 
Cross-Section (X 500) ° Stiffness 
grex denier — = 1) 
WS 1.67 1.5 12.7 0.012 0.085 
( \K 3.33 3.0 17.9 0.050 0.35 
q 
; 5.55 5.0 23.2 0.142 1.0 
q 
8.89 8.0 29.2 0.352 2.5 
13.3 12.0 35.8 0.807 5.7 
( 17.8 16.0 40.4 1.440 10 
22.2 20.0 46.3 2.250 16 
i} 


| 
| 


“ Although the data for diameter and for moment of inertia are computed for acetate rayon (density = 1.32) 
the relation between relative dimensional stiffness and fineness (in either grex or denier) as shown in this table holds 
for fibers of any one material. 
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TABLE XIV.—EFFECT OF FIBER SHAPE ON FIBER STIFFNESS 
T. of Actual Sections of 5.55 grex E & as 
Genier) Acetate Rayon Fibers Moment of Inertia, J 
a4 
Beam Sections Resembling | Dimensions, £28 
Ratio, Actual Fiber Sections microns Value, | “58 
Shape Major Axis Formulae 
Minor Axis 10-7 
1.0 d = 23.20 a 0.142 
ath 
1.18 ri 0.117 
1,98 2 0.074 
‘ 
3.05 12 0.049 
Y 
b= 12-51 | ys 
B = 12.97 
h = 11.85 
= 23.7 BH* + bhi 
1.10 x © | | os 
t \* B = 11.85 
) Y = 7.75 bhi 
is 7.0 = 54.25 0.021 


ad The data on dimensions and on mome 


‘ r nt of inertia are computed for a cross-sectionai area of 421 sq. microns which 
is that of a 5.55 grex (S denier) acetate fiber whose density is 1.32. However, the relation between relative shape stiffness 
and cross-sectional shape as shown in this table holds for fibers of any one material. 
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The results show that for three- and 
four-lobed sections and for ellipsoidal 
or two-lobed sections having axis ratios 
not greater than 1.2, the shape stiffness 
of each does not differ more than 50 per 
cent from that of a circular section or 
from one another. 

Oblong or rectangular sections, how- 
ever, decrease rapidly in stiffness as the 
axis ratioincreases. In fact, the decrease 
in stiffness is inversely proportional to 
the axis ratio. For example, the flat, 
-ribbon-shaped section pictured on the 
lowest line of Table XIV (which repre- 
sents a special type of acetate rayon 
whose axis ratio is 7) has a stiffness 
only one seventh that of a circular sec- 
tion of the same area. The ribbon- 
shaped type of section is, furthermore, 
very ununiform in stiffness and will tend 
to bend only about its long axis. 

The range of the shape stiffness for 
the wide variety of actual sections shown 
in Table XIV is less than sixfold as 
compared to two hundredfold each for 
the ranges of dimensional stiffness and of 
material stiffness which we have previ- 


CONCLUSION 


In this lecture. I have attempted to 
fulfill a twofold purpose which falls, I 
believe, well within the objects for which 
the annual Edgar Marburg Lecture was 
established. 

On the one hand, I have endeavored 
to provide the non-textile members of 
the Society with some information about 
textile fibers as engineering materials, 
not only in the sense of materials which 
might be used by them along with steel 
and wood and concrete to build a belt 
conveyer, an automobile, or a chemical 
factory, but also in the sense that the 
mechanical behavior of these tiny, micro- 
scopic beams which we call textile fibers 
is of primary importance alike to the 
strength of a hawser or a pneumatic tire, 


ously examined. The range of dimen- 
sional stiffness is, of course, not limited 
by the range of fineness which we have 
examined (1.67 to 22.2 grex) because 
finer fibers are made commercially in 
several of the manufactured varieties 
and, on the coarser side, there need be 
no limit to fiber size except that imposed 
by the suppleness desired in the textile 
structure. 

Our excursion into the very important 
field of fiber stiffness indicates, therefore, 
that, within the limits of normal manu- 
facturing control, cross-sectional shape 
is of little consequence to fiber stiffness 
(and, therefore, to the hand and drape 
of fabrics) as compared to the effects of 
fiber fineness and of the material of which 
the fiber is composed. In fact, since 
each kind of fiber as produced by nature 
or by man has a random variation of 
cross-sectional shape from fiber to fiber, 
the effect of shape on stiffness can be 
ignored and considerations of shape con- 
fined to its effect on other properties 
such as luster, abrasive wear, and inter- 
fiber friction, which are beyond the scope 
of this discussion. 


the comfort of an overcoat or of a summer 
suit, the utility of a carpet or a child’s 
play dress, and the elegance and beauty 
of an evening gown. 

On the other hand, I have tried to 
develop a framework for a systematic 
engineéring approach to an understand- 
ing of textile fibers as structural] materials 
and to inspire the textile mind, whether 
it be that of the designer, the fabricator, 
or the technologist, with the new philos- 
ophy of textiles which has been created 
by the advent of manufactured fibers. 


The essence of this new philosophy is 
that fibers can be designed to meet specific 
textile wants rather than that textile wants 
must be designed to utilize immutable fiber 


“personalities.” 
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and variety to the textile scene. Tex- 
tiles made of the thirty-odd natural and 
present-day manufactured fibers, which 
we have just examined, occupy the fore- 
ground. Beyond this foreground is the 
wide and exciting horizon of the future in 
which the only real limitations on the 
variety and the characteristics of textile 
fabrics yet unborn will be the ability of 
the textile designer and technologist to 
help the fiber maker to understand what 
kinds of fibers are wanted. This is an 
engineering job, for the engineer stands 
midway between the scientist and the 
craftsman. The latter has learned to 
know the natural fibers by generations 
of inherited, and years of first-hand 
experience. His knowledge is based on a 
subtle blend of direct sensory impres- 
sions and the results of routine test 
methods, many of which are rather 
empirical. The scientist, stimulated to 
investigate all textile fibers by the ac- 
ceptance of his own inventions—fibers, 
plastics, and synthetic rubbers, which 
he groups along with the natural fibers 
and rubber under the general term, high 
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_ This viewpoint gives a new perspective 


polymers—has made great progress re- 
cently in understanding the molecular 
architecture of these materials and in 
explaining their mechanical behavior in 
terms of the strength of chemical bonds 
and other cohesive forces between the 
atoms and between the molecules. 

The engineer, or the textile technolo- 
gist with an engineering viewpoint, now 
has the opportunity and the responsi- 
bility of bringing the scientific knowledge 
about textile fibers down tqgearth in 
order to give the, textile craftsman and 
technician the means of understanding 
and using such knowledge for the benefit 
of the industry and of the textile con- 
sumer. 

There is a great deal to be said for the 
engineering approach to the translation 
of theories and experimental facts into 
the concrete reality of useful objects, 
such as industrial fabrics, household 
furnishings, and clothing; for the en- 
gineer’s role in textiles, as in all other 
spheres of activity, is to catalyze the 
union of theoretical’ exactitude and 
practical reality by the liberal applica- 
tion of well-founded textile common 
sense. 
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APPENDIX A 


PROPOSED RECOMMENDED UNIVERSAL YARN NUMBERING SYSTEM! 


This is a proposed recommended practice and is published as information 
only. Comments are solicited and should be addressed to the American 


e Society for Testing Materials, 260 S. Broad St., Philadelphia 2, Pa. . 


A universal yarn numbering system 
based on “Grex’”? units is recommended 
for use with all fibers, on all sizes of 
yarns. 

System.—The “Grex” Yarn Num- 
bering System. 

Unit.—The Grex, plural Grex, ab- 
breviation Gx. 

Definition——The Grex number is 
defined as the weight in grams of 
10,000 meters of yarn. 

Supplementary Unit. — Kilogrex 
(Kgx.) = 1000 Gx. 

1. Conversion factors for length and 
weight: 


Yards X 0.914 = meters 
Ounces X 28.35 = grams 7 
Grains X 0.065 = grams 


2. Conversion factors for reciprocal 
(length per unit weight) numbering 


systems: 
Grex = 3 100.3 + woolen run number (1600 
yd.) 
= 4960.5 + typp number (1000 yd.) 


1 This prapesed su recommended practice is under the 
jurisdiction of the A.S.T.M. Committee D-13 on Textile 
aterials. Publighed as information in October, 1944. 
2 Derived from ,000 meters 


Grex = 5905.4 + cotton hank number (840 
yd.) 
= 8 858.1 + worsted hank number (560 


d. 
10 000.0 + ee number (496 yd.) 
16 535.1 + linen lea number (300 yd.) 
16 535.1 + woolen cut number (300 
yd.) 
To convert grex to the corresponding 
units, divide the numerical constants 
given above by the grex number. 
3. Conversion factors for direct 
(weight per unit length) numbering 
systems: 


Grex = 1.111 X denier—grams per 9,000 m. 
(0.90) 
= 344.5 XX spyndle—pounds per 14,400 
yd. (0.0029) 


= 5.905 X grains per 120 yd. (0.1693) 

= 7.086 X grains per 100 yd. (0.1411) 

= 19.377 X drams per 1000 yd. (0.0516) 

= 4.961 X pounds per 1,000,000 yd. 
(0.2015) 

31.00 X ounces per 10 yd. (323) 


To convert grex units to other —_ 
divide the Grex by the constants givén 
thus, denier = grex + 1.11, or multiply 
by their reciprocals shown in paren- 
theses; thus, denier = 0.90 X grex. 

4. The yards per pound of a 1.0 grex 
yarn = 4,960,537.2. 
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7 SYMBOLS AND ABBREVIATIONS 
area of cross-section m. meter 
width (or breadth) mm. = millimeter | 
radius of curvature of beam or fiber min. = minute 
centimeter M.T. = medium tenacity, a designation for 


degree of elasticity 

degree of resilience 0 

diameter 

denier, a unit of fineness (g. per p 
9000 m.) 

unit strain (extension) = unit 
elongation, the ratio of elongation 
to original length-of specimen 

unit strain at yield point (yield p, 
strain) P 

unit strain at load p 


= residual unit strain after cessation R 


of stress 

unit breaking strain 

fineness = linear density, the mass R, 
of a given length of material of 
uniform cross-section along its 


length R.T. 
force or load 
breaking force or load S 
gram 


grex, a unit of fineness (g. per Sy, 
10,000 m.) 


height (or depth) Sa 
high impact, a designation for a 
class of rayons u 
high tenacity, a designation fora V 
class of rayons W. 
moment of inertia of the cross- W, 
section of a beam or fiber W, 
original length W; 


deformation (elongation) x 
mass 


= origin of stress-strain curve 


= unit stress (load per unit cross- 


= unit breaking toughness 
= unit toughness to strain e 
= unit toughness to stress p = 
= toughness index 
= proportional limit 
= yield point 


a classeof rayons 
pounds per square inch 


section) or tenacity (load per unit 
fineness) 

stress or tenacity at yield point 
(yield stress) 

stress or tenacity at unit strain e 

unit breaking stress or breaking 
tenacity 

unit resilience, recoverable work per 
unit volume (or per unit fineness) 
of material 

unit yield resilience, maximum re- 
coverable work per unit volume 
(or per unit fineness) of material 

regular tenacity, a designation for a 
class of rayons 

stiffness, ratio of unit stress to unit 
strain 

elastic stiffness, stiffness to yield 
point 

average stiffness, ratio of breaking 
stress to breaking strain 

breaking point 

volume 
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APPENDIX C 


DERIVATION OF FORMULAS AND DIMENSIONS IN TABLES [X AND X* 


Strength: 


When an external force (in this case a 
pull, or tensile force) acts on one end of a 
body whose other end is immovably fixed, 
internal forces (in this case tension) equal to 
the external forces occur to oppose or resist 
the external force. The sum of these forces 
in any section is equal to the total force. 
The strength of a body (in tension) is equal 
to the total of the forces in the entire cross- 
section of the body at the instant it breaks 
at that cross-section. 

Breaking Stress P.—In studying the 
strength of the material of which a body is 
composed, strength is expressed in terms of 
unit stress, that is, force per unit cross- 
section. If a force or load F, is required to 
break a rod of material, the area of whose 
cross-section is A, then 


breaking stress P= —...... (1) 


In engineering terms, if F, is expressed in 
kilograms and A in square millimeters, then 
the dimension of the quantity, breaking 
stress, is kg./mm?. 

In textile terms, unit stress is usually ex- 
pressed as stress per unit fineness (linear 
density) f, rather than as stress per unit 
cross-section, and unit stress based on fine- 
ness is called tenacity. Thus 


breaking tenacily P = 


If /, is expressed in grams and f in denier, 
then the dimension of the quantity, breaking 
tenacity, is g./den. If f is expressed. in grex 
(see Appendix A), then the dimension of the 
quantity, breaking tenacity is g./gx. 

Stress (Tenacity) at Any Strain e—The 
unit stress p,. at any strain e below the 
breaking strain (see below) is computed by 


* The presentation and, therefore, [the responsibility 
for this appendix on derivations is entirely mine, but I 
am indebted to Dr. H. F. Schiefer, senior physicist in the 
Textile Section of the National Bureau of Standards, for 
his kindness in perusing it and providing me with some 


the same formulae and in the same dimen- 
sions as the breaking stress (breaking 
tenacity), except that the breaking force F, 
is replaced by the force F, required to 
produce the given strain e. Thus 


F. 
Pe = A ere (3) 
and 
F. 
(4 
Elongation: 


Although a body which is immovably fixed 
at one end and subjected to the action of a 
pull, or external tensile force, at the other 
end develops internal forces which op- 
pose and equal the external force, its shape 
is deformed by the external force. The 
major deformation is an elongation, or ex- 
tension of length, although some reduction in 
cross-section also occurs. 

Breaking Strain.—In studying the elonga- 
tion of the material of which a body is com- 
posed, elongation is expressed in terms of 
either unit strain or of percentage strain. 
Unit strain is the elongation per unit length 
of the material. Percentage strain is equal 
to unit strain X 100. In textile literature, 
strain is expressed sometimes one way and 
sometimes the other. Care must therefore 
be exercised in reading or using strain (elon- 
gation) data in order to avoid confusion. 
Unit strain is more convenient mathemati- 
cally and is used throughout this lecture 
except where percentage strain is definitely 
stated. 

If the elongation of a rod of length L is 
L, at the instant it breaks under the influ- 
ence of a tensile force F,, then, 


unit breaking strain E = on 


Since E is a ratio of length to length, it 
has no physical dimension. 

Strain at Any Stress p.—The sirain e, at 
any stress p below the breaking stress is 
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computed by the same formula as the break- 
ing strain, except that the breaking elonga- 
tion /, is replaced by the elongation /, which 
is produced by the given stress p. Thus: 


Stiffness: 


The quality, stiffness, is the ability to re- 
sist deformation. In the case of a body sub- 
jected to a tensile force, or pull, stiffness is 
the ability to resist elongation under the 
influence of such a force. The quantitative 
measure of stiffness of a body under tension 
is the amount of force required to produce a 
unit of elongation. In studying the stiffness 
of the material of which a body is composed, 
force is expressed in terms of unit stress and 
clongation in terms of unit strain. I pro- 
pose the following three criteria of stiffness 
for evaluating materials for textile fibers: 

Average Stiffness Sa.—Average stiffness is 
the over-all stiffness of a material from its 
original state to its breaking point. It is 
computed as the ratio of unit breaking stress 
P to unit breaking strain EZ and thus indi- 
cates the average stress (or tenacity) for the 
entire range of extensibility of the material 


per unit increase in strain. Thus: 
P 
Se = E (7) 


Average stiffness is useful as a criterion of a 
material’s general character because it can 
be computed, without recourse to the stress- 
strdin curve, from the widely used deter- 
mination of breaking strength and elonga- 
tion, provided the cross-sectional area of the 
specimen or the fineness (denier, grex, etc.) 
is known. It is an indicator of general 
character with respect to the quality of 
stiffness. 

Since EF is dimensionless, the mathematical 
dimension of S,_ is the same as that of P, 
namely, kg./mm. in engineering terms, 
and g./gx. in textile terms. On the 
stress-strain chart it is represented by the 
slope of the straight line o-u (Fig. 4) joining 
the origin and the breaking point. Average 
stiffness may be thought of as the average 
stress per percentage clongation X 100. 

Elastic Stiffness —The clastic stiffness S, 
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is the stiffness of the material within its 
elastic limit or yield point y. It is indi- 
cated by the slope of the stress-strain curve 
(Fig. 4) between the origin o and the yield 
point y (or of the straight line joining o and 
y if the actual curve is not linear between 
o and y) and is computed thus, 


Its dimension is kg./mm.? or g./gx., as in 
the case of average stiffness. 

For metals and other substances which 
have a sharply defined elastic limit marked 
by a definite yield point on the stress-strain 
curve, the elastic stiffness is readily deter- 
mined from the curve. In engineering and 
scientific terminology, clastic stiffness is 
called modulus of elasticity, or Young’s 


modulus (after the name of the person who © 


proposed its use). Its dimensions are the 
same as those for stiffness. 

Because the high polymeric materials of 
which most textile fibers are made exhibit a 
combination of plastic and elastic behavior 
under stress, there is no sharply defined 
elastic limit. The location and even the 
occurrence of a yield point on the stress- 
strain curve is dependent on the test con- 
ditions. Therefore, in studying the stiff- 
ness of fiber materials under small stresses 
or strains, that is, in the range of loads and 
clongations to which the fiber materials are 
subjected during the draping, bending, and 


tensions of ordinary wear and use, it is con- — 


venient to compare the stiffness of different 
fiber materials to any arbitrarily chosen 


stress or strain such as to 0.1 g./gx. or — 


0.5 g./gx. etc., or to 1 per cent clongation 
(0.01 strain) or 2 per cent clongation (0.02 
strain), etc. 


Stiffness to Any Stress p.—The stifiness S, 


to any given stress p is computed as follows: 


Stiffness to Any Strain e.—The stiffness — 


S, to any given strain e is computed thus: 


be 


If p is expressed in kg./mm.? or in g./gx., 
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then the dimension of 5, and S, is also 
kg./mm.? or g./gx., as in the case of average 
stiffness and elastic stiffness. 


Toughness: 


The quality, toughness, is the ability to 
absorb work. The quantitative measure of 
work is the product of force times ‘the dis- 
tance through which the force acts. 

Thus, Work = F-1. 

If a body, such as a rod, is subjected to a 
steadily increasing tensile force, or pull, it 
will be deformed, the major deformation 
being a lengthening along the line of the 
pulling force. Each value of the increasing 
force F produces a small increment of elonga- 
tion Al, hence the increment of work ab- 
sorbed is equal to F-Al. The summation of 
all these increments of absorbed work be- 
tween / = oand/ = lL, (the elongation at the 
breaking point) equals the total work re- 
quired to rupture the rod, and can be com- 
puted from the expression, 


Total toughness (work ly 
of rupture) W = [ F dl. 
0 


If F is expressed in kilograms and / in milli- 
meters, the dimension of the work of rupture 
is kg.-mm. 

If the elongation in units of length (such 
as millimeters) is plotted for each value of 
the load in units of force (such as kilograms) 
on rectangular coordinate paper, the result- 
ing line is the load-elongation curve and the 
area under this curve in terms of these units 
is a measure of the work absorbed in extend- 
ing the body to the breaking point. 

In studying the material of which a body 
such as a textile fiber is composed, I suggest 
that modifications of the term, toughness, 
be employed for several useful quantitative 
criteria of the quality, toughness, by com- 
puting the work absorbed per unit volume V 
of material in the case of engineering units, 
and per unit fineness f per unit length (that 
is, per unit mass) of material in the case 
of textile units, as follows: 

Toughness Index W;.—The toughness in- 
dex is the work per unit volume (or per unit 
mass) of material which would cause rupture 
if the load-elongation curve were a straight 
line joining the origin o and the breaking 


point u. It is useful as a criterion of a ma- 
terial’s general character with respect to 
toughness because it can be computed with- 
out recourse to the actual load-elongation, 
or stress-strain, curve from the widely used 
determination of breaking strength and 
elongation, provided that the cross-sectional 
area and the gage length of the specimen, or 
the fineness of the specimen (denier, grex, 
etc.) are known. 

Thus, in engineering terms, if F is ex- 
pressed in kilograms, / in millimeters, and V 
in cubic millimeters, the area under the 
straight line is 4F./, and the derivation of 
the formula for the toughness index and of 
its dimensions is as follows: 


but V = AL 

hence Wi= 
but = Pp 
hence wWw;= ; 


but : =E or ly = EL 3 


PEL PE 
= —...... 11 
hence W (11) 
kg. mm. kgmm. ke 
mm. mm mm.’ mm. 


Although unit toughness quantities are 
often expressed in terms of the net di- 
mension, unit stress, it will be noted from 
this detailed derivation that they should 
always be thought of in their true signif- 
cance of ‘“‘absorbed work per unit volume 
(or mass) of material.” 

In textile terms, the toughness index can 
be expressed as work per unit fineness per 
unit length of material instead of per unit 
volume of material. This corresponds to 
work per unit mass of material. If Fu is 
expressed in grams, /, in centimeters, and 
f in grex, then 


but 
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g.cm. 
gx. 


but 
and 


therefore 


Breaking Toughness W..—The breakin& 
toughness is the actual work per unit volume 
(or per unit mass) of material which is re- 
quired to rupture the material, and is meas- 
ured by the area under the stress-strain 
curve from the origin o to the breaking 
point u. 

The derivations are analagous to those for 
toughness index above, and result in integral 


expressions. Thus, in both engineering and 
textile terms, 
PE a 

Ws a 
E 

becomes W, = (13) 
0 

mm.* mm.? gx.cm. gx. 


Toughness to Any Stress p.—The tough- 
ness to any stress p is the work required per 
unit volume (or per unit mass) to produce 
the stress p in the material (see also resili- 
ence). 

In both engineering and textile terms, 


Wp= | "pde........ (14) 

0 
mm.’ mm.” gx.cm. gx 


Elasticity: 


The quality, elasticity, is the ability of a 
body to recover its original shape or dimen- 
sions in full or in part upon cessation of the 
force or forces which have deformed it. In 


the case of a body subjected to a tensile 
force, or pull, which produces an elongation, 
elasticity is the ability of the body to con- 
tract to or toward its original length when 
the force ceases to act. 

In the field of engineering, the usual 
quantitative measure of the elasticity of a 
body with respect to tensile force is the 
force, or load, which the body can withstand 
without suffering any permanent defor- 
mation. 

In studying the elasticity of the material 
of which a body is composed, force is ex- 
pressed in terms of stress and elongation in 
terms of strain as before. 

The elastic limit is usually expressed in 
terms of the yield stress p, which is the stress 
at the yield point y. Thus, in engineering 


terms 
F 
by = (15) 


If Fy is expressed in kilograms and A in 
square millimeters, the dimension of Py is 
kg. 
mm." 

In textile terms 


(16) 


If F, is expressed in grams and f in grex, the 


dimension of py is —., 
gx. 


If recoverable elongation is to be con- 
sidered, rather than recoverable load, the 
elastic limit can be expressed in terms of the 
yield strain e, which is the strain at the 
yield point y. Thus, 


¢y = (17) 


Regardless of the unit used to express l, 
and L, E, is dimensionless. 

The yield stress and yield strain represent 
the limit within which the material is com- 
pletely elastic. An equally valid criterion 
of elasticity which is useful in materials such 
as textile fibers, which exhibit partial elastic 
recovery when stressed beyond the elastic 
limit is the degree of elasticity, D.E., which 
is the ratio of recoverable strain to total 
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strain at any given stress (or at any given 
strain). Thus, if a material is subjected to 
a stress p which produces a strain e and, 
upon removal of the stress, the material con- 
tracts partially to a residual strain e, at 
zero stress, then the recoverable (elastic) 
strain is e — e, and the degree of elasticity is 


DE. = 


D.E. is dimensionless. 
Resilience: 


The quality, resilience, is the ability to 
absorb work without suffering permanent 
deformation or, put in another way, the 
ability to perform work by complete or 
partial recovery from deformation upon ces- 
sation of the deforming force. The quanti- 
tative measure of work is, as already stated, 
the product of force times the distance 
through which the force acts. The deriva- 
tion of formulae and dimensions for resili- 
ence is analagous to that developed in the 
section above on toughness, since resilience 
is, in fact, elastic toughness, that is, recover- 
able toughness. 

By analagous reasoning, the following 
formulae and dimensions for criteria of re- 
silience can be derived: 

The unit yield resilience R, is the work, 
per unit volume (or per unit fineness) of 
material, which is required to deform the 
material to its yield point (elastic limit) and 
which is completely recoverable. Since the 
stress-strain curve is essentially a straight 
line from its origin to the yield point, 


(19) 

2 
In the engineering units and textile units 
kg. 


used heretofore, the dimension of R, is = 


and . respectively. If the recovery part 


of the cyclic stress-strain curve is not a 
straight line, the exact expression for unit 


resilience is | p’ de, where p’ is the stress 
er 
on the recovery curve. The dimensions 
are the same as for toughness, namely, 


kg.mm. kg. . , 
————- = ——— in engineering terms, and 


mm.? mm.? 
cm. 
and in textile terms. Thus, the 
gx.cm. gx. 


unit resilience at any stress p, R, is 


ep 
er 
and the unit resilience at any strain e, R, is 
Re = (21) 
If e- = 0, the material is completely 


resilient at stress p. If e, is greater than 
zero, the material is not completely elastic 
and, therefore, not completely resilient. In 
either case, the formula (whose value is 
equal to the area under the recovery part of 
the cyclic stress-strain curve) gives the unit 
resilience at stress p or at strain e. 

The degree of resilience D.R. is the ratio 
of recoverable work to total work at any 
stress p or at any strain e. 


p'de 
= “—_....... (22) 
pde 
0 
‘p'de 
and DR. = ——....... (23) 
p de 


Because it is a ratio, D.R. is dimensionless. 
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THE TEC HNICAL COHESIVE ST RENGTH OF SOME STEELS AND LIGHT 
ALLOYS AT LOW TEMPERATURES 


By D. J. McApaM, Jr.,! R. W. Mess,! anp G. W. Gert! 


SYNOPSIS 

‘An investigation has been made of the technical gohesive strength of 
a high-carbon steel, a stainless steel, 
Tension tests of notched and unnotched specimens have been made at room 
temperature and at selected low temperatures down to that of liquid air. 
Diagrams have been constructed to show the influence of notch depth, notch 
angle, and root radius on strength and ductility. A study is thus made of 
the influence of the ratio of radial to axial stress on the technical cohesion 
limit and the influence of plastic deformation, heat treatment, and tem- 
perature on technical cohesive strength. 
the quantitative variation of strength and ductility with temperature. 


The technical cohesive strength of 
metals has been discussed in three 
papers by one of the authors (4, 5, 6);? 
the discussion was based on data found 
in the literature. In more recent papers 
(7, 8), two of the authors have presented 
data obtained in their own experiments, 
which involved tension tests of notched 
specimens. The metals considered in 
those papers have high ductility, at 
least when tested at room temperature 
in the form of unnotched specimens. 
The present paper gives results obtained 
with less ductile metals, including high- 
carbon steels and light alloys, and also 
gives additional results obtained with 
one of the previously discussed metals 
(13 per cent chromium, 2 per cent nickel 
steel). Because of the lesser ductility, 
it has been found necessary to include 
experiments with larger notch-root radii 
than those used in the previously de- 
scribed experiments, and to make a 


National Bureau of Standards, Washington, D. 

2The boldface numbers in parentheses refer to < 
reports and rap appearing in the list of references 
appended to this S paper, see p. 605. 


duralumin, and magnesium alloys. 


Diagrams are also included to show 


more through study of the influence of 
the root radius on the strength and 
ductility of notched specimens. 

As shown in the previous papers 
(4 to 8), the technical cohesive strength 
of a metal, in any particular state as 
regards prior mechanical treatment and 
heat treatment, cannot be represented 
by single stress value. The (/echnical 
cohesive strength comprises an infinite 
number of technical cohesion limits, each 
corresponding to a specific combination 
of the principal stresses. The technical 
cohesive strength of a metal, therefore, 
must be represented by a diagram con- 
sisting of curves of variation of the 
cohesion limit with variation of the 
stress system. Such diagrams of vari- 
ous types have been presented in previ- 
ous papers, and consideration has also 


3 Any stress system may be resolved into three prin- 
cipal stresses normal to three mutually perpendicular 
planes, known as the “principal planes,” on which there is 
no shear. Tensile stresses are viewed as positive, and 
compressive stresses are viewed as negative. In this 
paper as in the previous papers, the algebraically greatest 
principé I stress is designated Sj, the least Princi al stress 


is designated S3, and the intermediate principal stress is 


till 


designated 
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been given to the variation of the 
technical cohesive strength with plastic 
deformation and with temperature. 


METHOD OF INVESTIGATION, SPECIMENS, 
AND MATERIALS 


The .method of investigation of the 
technical cohesive strength is based on 
the fact that when a notched cylindrical 
specimen is subjected to longitudinal 
tension, the minimum cross-section is 
under transverse radial tension. The 
mean radial stress tends to increase with 
the depth and sharpness of the notch, 


In the present paper, attention is con- 
fined almost entirely to the influence of 
deep notches. With such notches the 
disturbing effects of stress concentration 
are minimized, and thus do not inter- 
fere with a study of the influence of the 
radial stress ratio (7, 8). 

Most of ‘the notched specimens were 
approximately 6 in. in length; those 
having large angles were necessarily 
somewhat longer. The ends of most 
specimens were threaded to 2 in. in 
diameter. Between the threaded ends, 
each specimen was machined toa selected 


TABLE I.—DE sc ‘RIPTION OF METALS. 


Chemical Composition, per cent 


Be 
Metal ‘3 | Condition | % & 
. 
13 per cent 
2 per cent nickel 
steel E | Annealed |0.875 |0.09| diff. 
0.73 per cent carbon 
steel V | Hot rolled |1.125 |0.73) diff. 
Duralumin, type 
DA|As aged (0.750 


Magnesium alloy, 
A.S.T.M. No. 8X, 
first heat...........|MJ | Extruded |0.745 <0.005 

Magnesium alloy, 
A.S.T.M. No. 8X, 
second heat |MK| Extruded |0.750 <0.005 

alloy 


A\S.T.M. No. | Extruded |1.00 <0.005 
Experimental mag- 
<0.005 


| Nickel 
| Copper 


nesium alloy.......|MX| Extruded |0.75 


but is always less than the longitudinal 
stress. The algebraically greatest prin- 
cipal stress (S;), therefore, is longi- 
tudinal. The radial stress is equivalent 
to two equal principal stresses (S3) which 
are rotatable without change around the 
axis of the specimen. By the use of 
notched specimens, therefore, it is possi- 
ble to investigate the influence of the 
radial stress ratio (.$3/.5;) on the technical 
cohesion limit, ultimate stress, yield 
stress, and ductility. One of the pre- 
vious papers (7) gives results so obtained 
with both shallow and deep notches. 


| Chromium 
Aluminum 


| Phosphorus 


| Sulfur 
| Silicon 


Magnesium 
Silver 
Manganese 


| Zinc 


nN 
oo 
a 


. 40.31 0.019,9.017, 0.24 


4.5 |diff.'1.5 |... 
| 
<0.005; <0.05 6.5 \diff. 0.2 |.... 10.3 


uniform diameter and a circumferential 
V notch of fixed angle, depth, and root 
radius was machined at the mid-section. 
The notch sadius was carefully machined 
so that the conical sides of the notch 
were tangent to the arc at the root. 
Care was also taken to avoid heating, 
bending, or appreciable cold working 
during machining. 

Before testing, each specimen was 
carefully measured as follows: the maxi- 
mum diameter was measured by microm- 
eter calipers; the diameter of the mini- 


mum section, at two or more positions 
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TABLE IIl.—HEAT TREATMENT OF THE STEELS. 


Tempera- Ti Tempera Ti 
Designa-| ture, Cooled iture, Cooled 
ahr. abr. 
13 per cent chromium, 2 per cent 
0.73 per cent carbon steel............... { i600 ‘Air 


@ Heat treated by manufacturer. 


uniformly spaced circumferentially, was 
determined by means of a measuring 
microscope. The root radius was meas- 
ured by means of a graduated set of 
wires of slightly different diameters, 
and the notch angle was measured on a 
magnified photograph of the notched 
specimen. 

The metals used were a 0.73 per cent 
carbon steel, a steel containing 13 per 
cent chromium and 2 per cent nickel, a 
sample of duralumin of type Al 24 
(hereafter referred to in this paper as 
duralumin), and several magnesium al- 
loys. The 0.73 per cent carbon steel 
was tested both in the fully annealed 
and in the heat-treated condition. To 
study the influence of plastic deforma- 
tion on the technical cohesive strength 
and to reveal more clearly the influence 
of the radial stress ratio on the technical 
cohesion limit, some samples of duralu- 
min and magnesium alloys were investi- 
gated in the usual commercial condition 
and after being cold drawn to about 13 
per cent reduction in cross-section. 

All the metals were in the form of 
round rods. A description of the metals 
is given in Table I, and details of heat 
treatment of the steels are given in 
Table II. For a description of the ap- 
paratus and method of test, reference 
may be made to a preceding paper (7). 
For a description of the methods of 
testing at low temperatures, reference 
may be made to another paper (8). 

The 13 per cent chromium, 2 per cent 


Ase 


nickel steel was obtained from the Car- 
penter Steel Co. through the cooperation 
of G. V. Luerssen. The duralumin was 
obtained from the Aluminum Company 
of America through the cooperation of 
R. G. Templin, Chief Engineer of 
Tests. The magnesium alloys were fur- 
nished by cooperation of the Dow 
Chemical Co. 


THE TECHNICAL COHESIVE STRENGTH 
AND OTHER MECHANICAL PROPERTIES 
OF 13 PER CENT CHROMIUM, 2 PER 
CENT NICKEL STEEL AND 0.73 PER 
CENT CARBON STEEL AT Room 
TEMPERATURE 


Influence of Notch Angle, Notch Depth, 
and Root Radius on Yield Stress and 
Ultimate Stress: 


In Figs. 1 to 5 are curves showing the 
variation of the yield stress, ultimate 
stress, breaking stress, and ductility 
with the notch angle. Comparison of 
these curves reveals qualitatively the 
influence of notch depth and root radius. 
The diagrams are of two types. Those 
in Figs. 1, 3, and 4 show the influence of 
notches on yield stress, ultimate stress, 
and breaking stress; those in Figs. 
2 and 5 show the influence of notches on 
breaking stress and ductility. Atten- 
tion will be given first to the curves 
showing the influence of the notch 


4 Ductility, as in previous papers (7, 8), is expressed 
in terms of Ao/A, in which Ao and A represent initial 
and final areas of cross-section (References 1, 2, 3, and p. 
15 of reference 7). 
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characteristics on yield stress and ulti- 
mate stress (Figs. 1, 3, and 4). 

The effect of varying the notch angle, 
w, on the yield stress and ultimate stress 
is the resultant of two variables, the 
radial stress ratio (.S3/5,) and the stress 
concentration. Both the radial stress 
ratio and the theorelical stress concen- 
tration increase continuously with de- 
crease in the notch angle. The increas- 
ing radial stress ratio tends to cause a 
continuous rise of a curve of yield stress 
or ultimate stress. Any stress concen- 


tration remaining in the metal decreases’ 


the mean stress at yield or at highest 
load and thus opposes the rise of 
curve of yield stress or ultimate stress. 
Some curves of yield stress or ultimate 
stress rise continuously under the domi- 
nant influence of the continuously in- 
creasing radial stress ratio; others 
eventually descend under the dominant 
influence of increasing stress concentra- 
tion. 

The 13 per cent chromium, 2 per cent 
nickel steel was sufficiently ductile to 
permit the tensile load to reach a 
maximum with deeply notched speci- 
mens (k = 0.18 or less)® even when the 
root radius, r, was only 0.001 in. (Fig. 1). 
With deeply notched specimens, the 
influence of stress concentration is mini- 
mized and the elevating influence of the 
increasing radial stress ratio is dominant 
throughout the entire curve. With 
shallow notched specimens (k = 0.64 
to 0.66) of this metal, the depressing 
influence of stress concentration even- 
tually predominates and the curve of 
ultimate stress descends (Fig. 1). Frac- 


ture, however, was not “premature,” 


that is, the load reached a true maximum. 


5 Notch depth is expressed as the ratio & of the reduced 
area to the section of the specimen before notching. 
Thus the greater the notch depth, the smaller is the value 
ofk. The influence of notch depth on the theoretical stress 
concentration and on the ultimate stress is illustrated by 
Figs. 3, 23, 24, and 25 of a previous paper (7). With in- 
crease in the notch depth, the theoretical stress concentra- 
tion at the root of the notch f first increases and then de- 


The influence of the root radius of the 
notch is revealed by comparison of the 
curves obtained with various root radii. 
For deeply notched specimens of this 
steel, the height reached by a curve of 
ultimate stress increases with decrease 
in the root radius, at least for radii of 
0.001 in. or more. The radial stress 
ratio evidently tends to increase with 
decrease in the root radius. 

The 0.73 per cent carbon steel is not 
sufliciently ductile to permit the tensile 
load to reach a maximum when the notch 
angle and root radius are less than 
certain values, which depend on the 
notch depth (Figs. 3 and 4). With root 
radius 0.01 in., fracture is premature 
when the notch angle is 120 deg. or less 
(Fig. 4). With root radius 0.03 or 
0.05 in., fracture is premature when the 
notch angle is 90 deg. or less. With root 
radius 0.08 in., fracture was not pre- 
mature. Because the ductility decreases 
with decrease of the notch angle, the 
prematurity of fracture increases, and the 
curves of ultimate stress eventually 
descend (with the exception of the curve 
obtained with root radius 0.08 in.).® 
The depressing influence of prematurity 
of fracture probably is accentuated when 
the ductility is not sufficient to relieve 
stress concentration. The mean stress 
would thus be less than the actual stress 
at fracture. 

With the 0.73 per cent carbon steel, 
the height reached by a curve of ultimate 
stress was greatest when the root radius 
was 0.03 in., was slightly less when the 
radius was 0.05 in., was considerably 
less when the radius was 0.01 in., and 
was much less when the radius was 0.08 
in. Although the radial stress ratio 
tends to be higher with the 0.01 than 
with the 0.03 in. root radius, the stress 


® The term “ultimate stress’’ is generally applied to 
the nominal stress (stress based on the original area o 
cross-section) when the load reaches a true maximum. 
The term, however, is here used with broader significance 
to designate the nominal stress at highest load. 
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concentration also tends to be higher. 
The radius that gives the highest value 
of the ultimate stress varies with the 
ductility of the metal; it is greater for the 
0.73 per cent carbon steel than for the 
more ductile chromium-nickel steel, or 
for the still more ductile metals con- 
sidered in previous papers (7, 8). 


Influence of Notches on the Breaking 
Stress and Ductility: 


Figures 1, 3, and 4 show the variation 
of the breaking stress with the notch 
angle, for various values of notch depth 
and root radius. None of the curves of 
breaking stress rises continuously with de- 
crease in the notch angle. The variation 
of the breaking stress with the notch an- 
gle is the resultant of three variables de- 
pendent on the notch angle. These 
variables are: the radial stress ratio, 
stress concentration, and the total de- 
formation at fracture (ductility).’ With 
deeply notched specimens of sufficient 
ductility, the stress concentration at 
fracture is of minor importance, and the 
course of a curve of breaking stress 
depends chiefly on the variations of the 
radial stress ratio and the ductility with 
the notch angle. The continuous in- 
crease in the radial stress ratio with 
decrease in the notch angle tends to 
cause a continuous rise of a curve of 
breaking stress, but the ductility de- 
creases continuously with decrease in the 
notch angle (see Figs. 2 and 5), and this 
variation tends to cause a continuous 
descent of a curve of breaking stress. 
With the steels represented in Figs. 
1, 3, and 4, the influence of the increasing 
radial stress ratio predominates in the 
rises of the curves of breaking stress, 
and the influence of the decreasing 


7 As shown in previous papers (4 to 8), plastic extension 
Causes a continuous increase in the technical cohesive 
strength and hence tends to cause increase in any specific 
technical cohesion limit. 


4 


ductility predominates in the descents 
of these curves. In spite of the great 
decrease in ductility, every curve ob- 
tained with deeply notched specimens 
of these steels rises above the point 
representing fracture of an unnotched 
specimen and well above the still lower 
point representing approximately the 
(not directly determinable) stress 
at fracture under unidirectional ten- 
sion. 

Figures 2 and 5 show the influence of 
notches on the relation between breaking 
stress and ductility. The curves of 
breaking stress in these figures are 
qualitatively similar to those in the 
corresponding figures of the previously 
discussed type, except that the curves 
of the two types extend in opposite 
directions from the point (Po) represent- 
ing fracture under unidirectional] tension. 
The elevating influence of the increase 
in radial stress ratio with decrease in the 
notch angle manifests itself in the general 
increase of slope of the lines of flow 
stress drawn between the experimental 
points representing yield and fracture. 
The exceptions to this general increase 
of slope (Fig. 2) must be attributed to 
the depressing influence of stress con- 
centration. The straight lines repre- 
senting flow stress do not represent flow 
under constant radial stress ratio; the 
radial stress ratio generally increases 
with the changes in the notched specimen 
during plastic deformation. If the radial 
stress ratio could be kept constant, the 
lines of flow stress would be curved (7). 
The significance of the lines representing 
flow stress of an unnotched specimen is 
discussed on page 15 of a previous 
paper (7). 

If it were possible to make tests with 
the radial stress ratio held constant, 
and without stress concentration, and 
if it were possible to obtain a quantita- 
tively correct measure of the ductility 
(page 18 of reference 7), the course of a 
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curve of breaking stress would depend 
only on the variable radial stress ratio, 
and the relation between breaking stress 
and ductility would be represented by a 
single curve. Such a curve may be 
represented qualitatively by the ideal 
locus of fractures, curve L. 

The ductility expressed in terms of the 
change in cross-sectional area can be 
determined with sufficient accuracy. 
The value so obtained, however, is 
merely a mean value. The true duc- 
tility, represented by the plastic de- 
formation at the origin of fracture, 
generally differs from the mean ductility 
because of the deformation gradient 
that arises during plastic deformation 
of a notched specimen. When fracture 
starts near the axis of the specimen, as 
it generally does when fracture is not 
premature, the mean ductility is gener- 
ally greater than the true ductility. 
This difference is accentuated when there 
‘is a “rim” effect, that is, a continued 
plastic deformation of the rim of the 
minimum cross-section after fracture has 
started near the center (7). To study 
this rim effect, longitudinal sections have 
been made through fractured specimens 
having various initial notch angles and 
root radii. This study has shown that 
the rim effect, in specimens of the steels 
represented in Figs. 2 and 5, is promi- 
nent, when the root radius is 0.05 or 0.08 
in., but is negligible for root radii of 0.03 
in. or less. The effect increases the 
apparent breaking stress and the mean 
ductility above their correct values. 
For this reason, the ideal locus of frac- 
tures in Figs. 2 and 5 has been drawn with 
little regard for the curves representing 
root radii greater than 0.03 in. 


The Disruptive Stress: 


Each ideal locus of fractures must 
reach the axis of abscissas at a point, 
T,, whose ordinate represents the dis- 


ruptive stress.* This stress cannot be 
determined directly and can be estimated 
only approximately. For the 13 per 
cent chromium, 2 per cent nickel steel, 
the disruptive stress has been represented 
by a point, 7;, slightly above point E 
in Fig. 1. Point £ represents by its 
ordinate the (imaginary) ultimate stress 
corresponding to zero values of bothwand 
k, for root radius 0.001 in.; it is obtained 
by extrapolation to zero value of k, 
making use of the uppermost curve of 
ultimate stress (Fig. 1). Point 7), as 
indicated, probably should be not far 
above E and below the summit of the 
highest curve of breaking stress in Fig. 1. 

For the 0.73 per cent carbon steel, 
because of the tendency to premature 
fracture, much longer extrapolation must 
be used to represent the course of a 
curve of true ultimate stress (nominal 
stress when the tensile load reaches a 
true maximum). Such extrapolation has 
been used in obtaining curves U’ in 
Figs. 3and 4. As the available evidence 
suggests that the disruptive stress gen- 
erally is not far from twice the ultimate 
stress of an unnotched specimen, values 
obtained on this assumption have been 
used in locating points 7, in Figs. 3, 
4, and 5. 


The Technical Cohesive Strength, Yield 
Strength, and Ultimate Strength in 
terms of Combined Axial and Radial 
Stresses: 


When S2 is kept equal to 5S; the 
strength of a metal may be represented 
by a diagram with ordinates represent- 
ing axial stresses and abscissas repre- 
senting radial stresses. Diagrams of 
this type for the chromium-nickel steel 


haves been given in previous papers 


(7, 8). Diagrams of the same type for 
the 0.73 per cent carbon steel are given 


8 The term “disruptive stress’’ has been suggested to 
indicate the stress at fracture under polarsymmetric ten- 
sion (4). As this stress combination causes no shear, 
there can be no plastic deformation. 
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in Fig. 6. These diagrams are assumed 
to be free from the distorting influence of 
stress concentration; they are presented 
as qualitative representations of the 
strength of this steel in terms of uniform 
axial and radial stresses. The values of 
S; and of S;/S; used in constructing these 
diagrams cannot be obtained directly 
from the results of tests of notched 
specimens, but must be based on an em- 
pirical assumption as to the variation 
of S;/S, with the notch angle (7, 8). 

Each of the radiating broken lines in 
Fig. 6 is the locus of points representing 
the indicated constant value of the radial 
stress ratio; the diagonal line H is the 
locus of points representing polarsym- 
metric stress (S; = = 53). 

Point T, in each diagram is the junc- 
tion of the locus of fractures and the 
curves of yield strength, ultimate 
strength, and initial technical cohesive 
strength. Curve 7 represents approxi- 
mately the initial technical cohesive 
strength, and the intersections of curve T 
with the radiating broken lines represent 
initial cohesion limits for the correspond- 
ing values of $3;/S;. The initial tech- 
nical cohesion limit for any specific value 
of S;/S, cannot be represented by a point 
on curve L, because fracture of a ductile 
metal occurs only after the technical co- 
hesive strength has been increased by 
plastic deformation. The initial tech- 
nical cohesive strength should be rep- 
resented by a curve, 7, between the 
curve of yield strength and the locus of 
fractures (7, 8, 10). 


The Influence of Plastic Deformation on 
Technical Cohesive. Strength: 


In diagrams of the type now to be 
discussed, abscissas represent plastic 
deformation and ordinates represent 
breaking stresses; the system of co- 
ordinates, therefore, is the same as in 
the diagrams shown in Figs. 2 and 5. 
Diagrams of this type are shown in Fig. 


7. The locus of fractures, Z, in each 
diagram is practically identical with the 
ideal locus of fractures in the correspond- 
ing diagram of Fig. 2 or Fig. 5. Each 
locus of fractures, therefore, is assumed 
to be free from the distorting influence 
of stress concentration and deformation 
gradient; it, therefore, is a qualitative 
representation of the influence of com- 
bined axial and radial uniform stresses 
on the felation between breaking stress 
and ductility. It is also assumed that 
any point on the locus of fractures rep- 
resents fracture in a test with the radial 
stress ratio held constant. 

Any point on the locus of fractures 
may be made the terminus of a curve of 
flow stress and of a curve of technical 
cohesive stress for a specific value of the 
radial stress ratio. In Fig. 7 two such 
pairs of curves have been drawn to 
represent the variation of flow stress 
and cohesion limit when 53/5, is zero. 
Curves of cohesion have also been drawn 
to represent typical values of 53/5, 
between 0 and 1, but the correspond- 
ing curves of flow stress have been 
omitted. 


THE TECHNICAL COHESIVE STRENGTH 
AND OTHER MECHANICAL PROPERTIES 
OF DURALUMIN AT Room TEMPERA- 
TURE, AT —78C., AND AT —188 C. 


For a satisfactory study of the tech- 
nical cohesive strength of a metal, con- 
sideration must be given to the influence 
of prior plastic deformation. In this 
study of the technical cohesive strength 
of duralumin, therefore, experiments 
have been made not only with metal as 
received (heat treated) from the manu- 
facturers, but also with the same metal 
after cold drawing to about 13 per cent 
reduction in cross-section. The metal 
in each state was tested at room tem- 
perature, at the temperature of solid 
carbon dioxide (—78 C.), and at the 
temperature of liquid air (—188 C.). 
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Influence of Notch Characteristics on 
Yield Stress and Ultimate Stress of 
Duralumin: 


In Figs. 8 and 9 are curves showing the 
variation of the yield stress, ultimate 
stress, and breaking stress with the notch 
angle. Attention will be given first to 
the curves of variation of yield stress 
and ultimate stress. In Fig. 8 a com- 
parison is made between the diagrams 
obtained with the “as received” dura- 
lumin (DA) and the cold-drawn duralu- 
min (DAH) at room temperature. With 
the metal in either condition, premature 
fractures were obtained when the notch 
angle was less than a certain value. 
With the “as received” metal, fracture 
was premature when the angle was 120 
deg. or less; with the cold-drawn metal, 
fracture was premature when the angle 
was 90 deg. or less. In Fig. 9, compari- 
son of diagrams A and B with diagrams 
C and D shows the influence of cold 
work, and comparison of diagrams A and 
C with diagrams B and D shows the 
influence of temperature. ten- 
dency to premature fracture evidently 
increases with decrease in temperature. 
The tendency is slightly increased when 
the temperature is lowered from room 
temperature to —78 C., but is greatly 
increased when the temperature is lower- 
ed to —188 C. With the cold-drawn 
metal at —188 C., fracture was pre- 
mature when the notch angle was 150 
deg. or less. Curves Ul’ have been 
drawn by extrapolation to indicate the 
course of curves of true ultimate stress. 

The curves of ultimate stress (Figs. 8 
and 9) reach the greatest height when 
the root radius is 0.03 in.; the height 
attained is a little less when the radius 


* Prior cold work generally decreases the tendency to 
premature fracture of a notched specimen because the 
cold work decreases the amount of plastic deformation 
that the specimen must undergo before reaching maximum 
load. Moreover, because the rate of work hardening has 
been decreased by the prior cold work, relief of stress con- 
centration is facilitated, and thus the tendency to pre- 
mature fracture is decreased. 


is 0.05 in. and is considerably less when 
the radius is either 0.08 or 0.01 in. The 
greatest value of yield stress at room 
temperature was reached with root 
radius 0.01 in. (Fig. 8). 


Influence of Notches on Breaking Stress 
and Ductility of Duralumin: 


The height attained by a curve of 
breaking stress increases with increase 
in the root radius, at least within the 
range 0.01 to 0.08 in. (diagrams B and 
D of Fig. 8). As shown in diagrams A 
and D of Fig. 10, this increase in the 
breaking stress is due to an increase in 
the ductility; with increase in the root 
radius the curve: of breaking stress is 
moved outward and upward. (The 
slope of a flow-stress line for a given 
notch angle, however, changes little with 
increase in the root radius). If this 
effect of increase of the root radius were 
due entirely to decrease in stress con- 
centration, the outermost curve (Fig. 
10(a) or 10(d)) would be selected as the 
best representation of the influence of 
the radial stress ratio on the relation 
between breaking stress and ducility. 
Examination of longitudinal sections 
after fracture, however, shows that the 
“rim effect” is prominent in specimens 
with root radius 0.05 or 0.08 in. Conse- 
quently, the values of mean stress and 
ductility represented by the correspond- 
ing curves in Fig. 10 are too high. As 
practically no rim effect was obtained 
with root radius either 0.01 or 0.03 in., 
the curve representing 0.03 in. radius 
was used as a basis for the ideal locus 
of fractures, L. 

Comparison of the diagrams for cold- 
drawn duralumin (diagrams D, EF, and F 
of Fig. 10) with the corresponding dia- 
gram for “as received” duralumin (dia- 
grams A, B, and C) shows that the prior 
plastic deformation has had little effect 
on the breaking stress of the unnotched 
specimens, though it has caused the 
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expected decrease in ductility. The 
prior plastic deformation, however, has 
elevated the curves of breaking stress 
at and near the left ends, thus eliminating 
the nearly horizontal portion obtained 
with the “‘as received” metal. Decrease 
of temperature has elevated both the 
curve F of flow stress of an unnotched 
specimen and the entire curve of breaking 
stresses but the change of form of the 
curve of breaking stresses is less promi- 
nent than the change caused by prior 
plastic deformation. These effects of 
temperature are slight when the change is 
from room temperature to —78 C., but 
are much greater when the change is 
from —78 C. to —188 C. 

Prior plastic deformation increases the 
vertical (stress) range of an experi- 
mentally determined curve of breaking 
stresses and decreases the horizontal 
range (ductility). Prior plastic deforma- 
tion thus makes more prominent the 
influence of one of the variables (radial 
stress ratio) involved in the curve of 
breaking stress, and makes less promi- 
nent the influence of the other variable 
(ductility). This effect of prior plastic 
deformation is greatly accentuated when 
the temperature is lowered to —188 C. 
(compare Fig. 10 (d) and (f)). 

As illustrated by the relative positions 
of curves F and Fo in Fig. 10, the local 
contraction of an unnotched specimen of 
this material evidently is not sufficient 
to induce much radial stress, even in a 
specimen of the “‘as received” metal at 
room temperature. The stress at frac- 
ture, consequently, differs little from the 
technical cohesion limit for unidirec- 
tional tension, and the difference de- 
creases with prior cold work and with 
temperature. At —188C., the stress at 
fracture is practically unidirectional (dia- 
grams (' and F). As shown in Fig. 
10 (f), therefore, the highest breaking 
stress obtained with a notched specimen 
at —188 C. was nearly 50 per cent 
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greater than the technical cohesion limit 
for unidirectional tension, although the 
radial stress ratio for this notched 
specimen probably was much less than 
1.0. If polarsymmetric tension could be 
applied, the breaking stress (disruptive 
stress) probably would be about twice 
the technical cohesion limit for uni- 
directional tension. 


The Technical Cohesive Strength, Vield 
Strength, and Ultimate Strength of 
Duralumin in terms of Combined 
Axial and Radial Stresses: 


Figure 11 contains diagrams showing 
qualitatively the technical cohesive 
strength, yield strength, and ultimate 
strength of duralumin at room tempera- 
ture, at —78 C., and at —188 C. The 
diagrams are of the same type as the 
previously described diagrams for steels 
in Fig. 6. They are qualitative repre- 
sentations of the strength of the metal 
in terms of uniform axial and radial 
stresses. Each subdivision of Fig. 11 
contains a diagram representing the 
strength of the metal in the “as received” 
condition and a diagram representing 
the strength of the same metal after 
considerable prior plastic deformation 
(about 13 per cent reduction in cross- 
section). Figure 11 (a) also contains a 
curve representing approximately the 
strength of duralumin that has been cold 
worked to the limit, as by rolling or by 
some other stress combination not in- 
volving tension. 

In each diagram for “as received” 
duralumin (solid curves), the curves 
representing yield strength, ultimate 
strength, and breaking strength are far 
apart throughout the field representing 
negative values of S3, and throughout 
much of the field representing positive 
values of .S;. In each diagram for cold- 
worked metals (broken curves), however, 
the curve of ultimate stress is much 
nearer to the locus of fractures, and a 
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curve of yield stress (not shown) would 
be only slightly below the curve of 
ultimate stress. ‘To avoid confusion, the 
curves representing inilial technical co- 
hesive strength have not been included. 
These, as in Fig. 6, would almost coincide 
with the corresponding curves of ultimate 
strength. The greater the amount of 
prior plastic deformation, the nearer 
together are the curves representing 
yield strength, ultimate strength, and 
locus of fractures. For a metal that has 
been plastically deformed to the limit, 
under a stress combination not involving 
tension, the three curves would coincide, 
as illustrated by the curve designated 
T” ard L” in Fig. 11 (a). The technical 
cohesive strength of a brittle rretal is 
represented by a curve of this form 
(4, 5S, 10). 

Within the field of negative values of 
S3, the locus of fractures, L, is practically 
unaffected by prior plastic deformation. 
Under any specific stress combination 
within this field, the breaking stress 
would be expected to be practically the 
same whether the plastic deformation 
has occurred before or during experi- 
ments on which the diagram is based. 
Prior plastic deformation in the field of 
negative values of S3, however, elevates 
the locus of fractures within the field of 
positive values of S3, and moves the 
point 7; representing the disruptive 
stress upward along line //. 


The Influence of Plastic Deformation on 
the Technical Cohesive Strength of 
Duralumin: 


_ In the diagrams that have just been 
discussed (Fig. 11) the influence of 
plastic deformation manifesis itself in its 
effect on the indices of strength, but 
plastic deformation is not represented 
directly. In diagrams of the type now 
to be considered (Fig. 12) abscissas 
represent plastic deformations and ordi- 
nates represent breaking stresses. The 


system of coordinates is the same as in 
the diagrams of Figs. 7 and 10. The 
locus of fractures in each diagram of 
Fig. 12 is identical with the “ideal” 
locus of fre .ures in the corresponding 
diagram of Fig. 10, but the order of 
arrangement of the diagrams in Fig. 12 
differs from the order in Fig. 10. The 
diagrams in Fig. 12 are arranged in three 
pairs each representing the technical 
cohesive strength at the indicated 
temperature. 

The variation of the disruptive stress 
with plastic deformation is represented 
by curve 7; in each diagram. A curve 
of variation of a single technical cohesion 
limit, however, is not an adequate 
representation of the influence of plastic 
deformation on the ¢echnical cohesive 
strength. A complete representation 
would comprise a series of curves, each 
corresponding to a typical value of 
S:/S;; each curve of a series should be 
qualitatively similar to curve 7;. Such 
a series of curves has been placed in each 
diagram of Fig. 12. The corresponding 
curves of flow stress have been omitted 
except the curve of unidirectional flow 
stress (Fo). A curve of flow stress 
rises more rapidly than the corresponding 
curve of cohesion. Although the two 
curves may be far apart at the origin, 
they converge and eventually intersect 
at a small angle, at a point on the locus of 
fractures. 

The effect of prior plastic deformation 
on the technical cohesive strength may be 
studied by comparing the diagrams 
representing “‘as received” metal (dia- 
grams a, c, and e of Fig. 12) with the 
corresponding diagrams representing 
cold-worked metal (diagrams 8, d, and f). 
The evidence indicates that prior plastic 
deformation has very little effect on the 
stress at fracture under unidirectional 
tension, because this point represents 
fracture after about the same total 
plastic extension whether or not the 


e 
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metal has been plastically deformed 
before test. Prior plastic deformation, 
however, elevates the locus of fractures 
at and near the left end. 

When the degree of plastic deforma- 
tion is represented as in Fig. 12, a curve 
of technical cohesion for a previously 
coli-worked metal should be approxi- 
mately an extension of the corresponding 
curve beyond the proper abscissa in a 
diagram for “as received” metal. Use 
has been made of this principle in 
constructing the curves of cohesion in 
diagrams 8, d, and f of Fig. 12. 

Because the rate of work-hardening 
increases with decrease in the tempera- 
ture, the curves of cohesion in Fig. 12 
are steepest in diagrams e and f, and 
are slightly steeper in diagrams c and d 
than in diagrams aand b. This relation- 
ship is qualitatively similar to the 
relationship between the slopes of the 
curves of flow stress in Fig. 10. 


Tue TECHNICAL COHESIVE STRENGTH 
OTHER MECHANICAL PROPERTIES 
OF MAGNESIUM ALLOYS 


For a study of the technical cohesive 
strength of magnesium alloys, experi- 
ments have been made with notched 
specimens of an alloy (MJ) as received 
and of the same alloy after cold drawing 
to about 13 per cent decrease in area of 
cross section (MJH). At —78 C. and 
— 188 C., the ductility of the magnesium 
alloys was decreased so much that 
satisfactory diagrams of technical co- 
hesive strength could not be obtained. 
At —78 C., fracture was premature 
when the notch angle was 120 deg. or 
less (Fig. 13); at —188 C., the breaking 
stresses were lower for specimens with 
notch angles 120 and 90 deg. than for an 
unnotched specimen (Fig. 13 d). Study 

of the technical cohesive strength, there- 
fore, has been confined chiefly to experi- 
ments at room temperature. The re- 
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sults of these experiments are given in 
diagrams aand 6 of Fig. 13 and in Fig. 14. 

For the alloy as received (MJ), the | 
highest curve of ultimate stress was 
obtained with root radius 0.05 in. (Fig. 
13 a). The radius that gave best 
results, therefore, was larger for this 
alloy than for steels or duralumin. 
Although the alloy at room temperature 
showed little tendency to premature 
fracture, evidence now to be considered 
indicates that important stress con-_ 
centration was present at maximum load 
and at fracture. Notches caused great 
decrease in ductility, even when the 
notch angle was as large as 170 deg. 
(Fig. 14 (a)), yet the experimental 
points obtained with notch angles 150 to 
170 deg. are only slightly above the 
line, F, of flow stress for an unnotched 
specimen. As the lines of flow stress — 
obtained with the notched specimens — 
(the sloping broken lines in Fig. 14 (a) _ 
are much less steep than line F, the mean 
stresses at fracture probably were con- 
siderably less than the true stresses at 
the origin of fracture. The experimental 
points for notched specimens in this 
diagram, therefore, probably are too low 
because of stress concentration. On the 
basis of the evidence in Fig. 14 (a), 
consequently, it is not possible to 
construct a curve to represent the locus 
of fractures. 

With the cold-drawn alloy MJH, it 
was possible to reveal qualitatively the 
relation between breaking stress and 
ductility (Fig. 14 (b)). Although notches 
cause great decrease in ductility, the 
slope of the flow-stress line increases with 
decrease in the notch angle, thus indicat- 
ing that the increase in the radial stress 
ratio due to the notch has had an 
appreciable effect on the mean stress at 
fracture. The results obtained reveal 


clearly the form of the locus of fractures, 
and show that the locus for this alloy is 
similar in form to the locus of fractures 


= 
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for duralumin. The point 7; in Fig. 
14 (b) has been located on the assump- 
tion that the disruptive stress is about 
twice the ultimate stress for an un- 
notched specimen, and a curve L has 
been drawn to represent qualitatively 
the ideal locus of fractures. A similar 
curve has been drawn in Fig. 14 (a) to 
represent the ideal locus of fractures for 
the “‘as received” alloy. 

Diagrams to represent the technical 
cohesive strength in terms of combined 
axial and radial stresses, and diagrams to 
represent the influence of plastic de- 
formation on the technical cohesive 
strength, evidently would be similar in 
form to the diagrams for duralumin 
(Figs. 11 and 12). If uniform axial and 
radial stresses could be applied experi- 
mentally, diagrams could be obtained to 
represent the technical cohesive strength 
of magnesium alloys at low temperatures. 


THE VARIATION OF THE STRENGTH AND 
DuctTiLitry OF DURALUMIN AND 
MAGNESIUM WITH TEMPERATURE 


_ ‘The previously discussed diagrams for 
duralumin and magnesium show quali- 
tatively the influence of temperature on 
the strength of these alloys. To study 
the quantitative variation of strength 
with temperature, supplementary ex- 
periments have been made with un- 
notched specimens at additional 
temperatures ranging between — 100 C. 
and —188 C. Results of these experi- 
ments, together with the previously 
discussed results obtained at room tem- 
perature, —78 C., and —188 C., are 
given in Fig. 15, 16, and 17. Mag- 
nesium alloy MK (Fig. 16) is of the 
same composition as alloy MJH; results 
obtained with these alloys, therefore, 
may be compared with the results 
shown in Figs. 13 and 14. Results of 
experiments with two additional mag- 
nesium alloys are shown in Fig. 17. 

The temperature scale used in Figs. 15 


to 18 is the same that has been used in a 
previous paper (8). In that paper, it 
was shown that the strength of copper, 
monel metal, and some steels varies 
linearly with the logarithm of the 
temperature expressed in deg. K, a scale 
the same in principle as Kelvin’s original 
thermodynamic scale. With nickel and 
high-purity aluminum, the linear rela- 
tionship extended only from — 188 C. to 
—78 C.; above —78 C., there was 
evidence of some strengthening factor, 
which is thought to be due to structural 
changes such as strain aging. As shown 
in Figs. 15 to 17, however, a linear 
relationship was not obtained with 
duralumin and the magnesium alloys, 
even between —188 C. and —78 C. 
It seems probable that the departures 
from the linear relationship are due to 
some structural changes, which vary 
with the temperature. 

The curves representing the strength 
of notched specimens of duralumin 
(Fig. 15) evidently are similar in form to 
the curves for unnotched specimens. 
Comparison should be made between the 
relative positions of the curves repre- 
senting strength of notched specimens 
and the curve of breaking stresses of 
unnotched specimens. For the “as re- 
ceived” duralumin (Fig. 15 a), the 
curve of breaking stresses obtained with 
notch angle 150 deg. is slightly above the 
curve of breaking stresses of unnotched 
specimens, and the curve of breaking 
stresses obtained with notch angles 
60 and 40 deg. is considerably higher. 
Even the curve of ultimate stresses for | 
notch angles 60 and 40 deg. is con- 
siderably above the curve of breaking 
stresses of unnotched specimens. For 
the cold-drawn duralumin (Fig. 15 b), 
the curves for ultimate stresses and 
breaking stresses of specimens with 
notch angles 150 deg. or less are above 
the curve of breaking stresses of un- 
notched specimens. Even curves of 
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yield stress (not shown) of specimens 
with small notch angles would be far 
above the curve of breaking stresses of 
unnotched specimens. 

The curve of disruptive stresses (7) 
is drawn in accordance with the approxi- 
mately established positions of points 
T, in Fig. 10. A curve of variation of a 
single technical cohesion limit, however, 
does not adequately represent the vari- 
ation of the technical cohesive strength. 
Adequate representation would comprise 
a series of curves, representing the 

initial technical cohesion 
typical radial stress ratios. 


limits for 
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13:2 CHROMIUM-NICKEL STEEL 
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Fic. 1.—Influence of Notches on Yield Stress, Ultimate Stress, and Breaking Stress of 13:2 
Chromium-Nickel Steel at Room Temperature. 
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, 13:2 CHROMIUM-NICKEL STEEL 
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Fic. 2.—Influence of Notches on Breaking Stress and Ductility of 13:2 Chronium-Nickel Steel at 
Room Temperature. 
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Fic. 5.—Influence of Notches on Breaking Stress and Ductility of 0.73 Per Cent Carbon Steel at 
Room Temperature. 


12 


14 


2.0 


| McApam, MEBs, AND GEIL 
| 
| = | 
| 14 6¢ _ 


ah 


000 08 


Some STEELS AND LIGHT ALLOYS 611 


/ 


/ 

/ 


“SS3YLS SONIN3SARS 


3AILdNysid 
JO SND071 
“HLON3SYLS 3AIS3H 
-O9 WOINHOSL IWILINI 


“HLON3YLS 3LVWILIN 
“HLONSYLS 


‘OI-O-A 
7331S 


7331S 


On TECHNICAL COHESIVE STRENGTH OF 


‘ISd “SS3YLS WICVY 


0000+ 
00008 

000 02! 
000 09! 

000 002 
00002 
000082 


000 


000 O9€E 


ISd"SS3YLS 


8 
fe) 
On 
“Box 
| 
—Se 
| 
| 9 oO 
| TWA) ASN [8 
| | — | q 
| ° @ 


612 McApam, MEBs, AND GEIL 


0.73% CARBON STEEL 
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Fic. 7.—Influence of Plastic Deformation on Technical Cohesive Strength of 0.73 Per Cent Carbon 
Steel at Room Temperature. 
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Fic. 14.—Influence of Notches on Breaki 
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_ Fic. 18.—Variation of Ductility of Light Alloys with Temperature. 
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DISCUSSION 


Mr. H. F. Moore.'—I should like to 
ask Mr. McAdam a question about the 
use of the term “technical cohesive 
strength.” Recently one of our gradu- 
ate students, Mr. Dimitry Morkovin, 
has been translating a number of arti- 
cles on this subject which have issued 
from Russian and German laboratories. 
In these articles the “technical cohesive 
strength” is said to be reached when- 
ever there occurs fracture without ap- 
preciable plastic elongation. As I 
understand it, Mr. McAdam does not 
use the term in this way, but expresses 
technical cohesive strength in terms of 
the relative values of the three principal 
stresses which exist in the specimen at 
fracture. Do I understand him cor- 
rectly? 

Mr. D. J. McApam, Jr.,? (author's 
closure, by letter).—As the breaking stress 
varies with the combination of principal 


1 Professor of Engineering Materials, University of 
Illinois, Urbana, Ill. 
_ #Metallurgist, National Bureau of Standards, Wash- 
ington, D. C. 


stresses, the technical cohesive strength 
cannot be represented by a single stress 
value at fracture, whether or not the 
fracture was preceded by plastic defor- 
mation. The technical cohesive strength 
comprises an infinite number of technical 
cohesion limits, each corresponding to a 
specific combination of the principal 
stresses. Moreover, temperature and 
speed of deformation affect the technical 
cohesive strength about as much as they 
affect the flow stress. The initial tech- 
nical cohesive strength, therefore, can- 
not be completely represented by the 
stress at a brittle fracture, however such 
a fracture may be obtained. ‘The initial 
technical cohesive strength for a specific 
temperature and speed of deformation 
may be represented by a curved surface 
in a diagram with the three principal 
stresses as coordinates. For a ductile 
metal, this curved surface must be inside 
the surface representing fracture after 
the variable plastic deformation, but 
outside the surface representing yield. 
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EVOLUTION OF TEST SPECIMEN FOR NON-FERROUS CASTINGS 
By A. J. Smiru! 


SYNOPSIS 


Brought about by various inconsistencies when used as a measure of metal 
quality, the integrity of certain current “standard” test specimens for cast 
materials has been questioned by both producers and consumers. 

This paper reviews the historical development of several prescribed spec- 
imens, especially those for cast tin bronzes and related alloys. 

The specimens considered are shown to be inadequate as true “measuring 
sticks” since they frequently lead to deceptive results, and do not find just- 
ification based on a logical development background. 


Design and adoption of specimens according to sound metallurgical prin- <4 


ciples is advocated. 


‘The selection of suitable test specimens 
from which the properties of metallic 
materials may be determined has long 
been of interest. Proper sampling is a 
very real problem, and many factors 
must be taken into account in securing a 
sample which may be considered repre- 
sentative. In many cases, representa- 
tive samples may be secured very simply, 
as in the case of structural shapes and 
bar stock. In other cases, more par- 
ticularly in castings, it would be very 
hazardous to state that the test specimen 
is truly representative of the part with- 
out making a destructive test of the part 
itself. Unfortunately, a leading diffi- 
culty in production of a suitable test 
specimen lies in the conflict of opinion 
between producer and consumer. ‘The 
term “unfortunately” has been used not 
because the two groups are at variance on 
the theoretical grounds of proper sam- 
pling, but because each has formulated 
an opinion without a proper background 
on the subject. 


HIstORY OF DEVELOPMENT OF 
SPECIFICATIONS 
In the early years of the last century, 


1 The Lunkenheimer Co., Cincinnati, Ohio. 


both in this country and abroad, physi- 
cal properties were of interest chiefly 
to the scientist. The consumer showed 
little interest in physical tests.2 From 
this early work, however, data were com- 
piled on the different materials available 
on which engineering formulas could be 
based. Mild interest was taken in 
tensile strength by some engineers, but 
it was not until Kirkaldy’s work in 
about 1860 that the importance of such 
a factor as ductility was impressed on 
engineering minds. From this time on, 
the testing of materials took great strides 
with consequent assembling of many 
data and development of most of our 


present engineering formulas. At the — 
same time the desire to check the new | 


formulas arose among the consumers, 
especially in the Army Ordnance De- 
partment. 


of the Franklin Institute on the Explosions of Steam 


Boilers which reported its findings in 1837. In the study © 


oi materials failures a testing machine was constructed 
and described (Journal, Franklin Institute, February, 
1832) and is still pres served in the Institute museum. In 
that period boiler explosions were prevalent and costly 
both in lives and property and extensive investigations 
were made both in this country and abroad to determine 
the causes of failure. While materials failures were 
frequent, most attention was paid to the need for indicat- 
ing and control devices, and there was no evident attempt 
at materials specifications. The privilege of examining 
these reports was made possible eh 

G. H. Clamer, The Ajax Metal Co. 
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This led to the installation | 


2 Attention is called to the work of a special committee _ 


rough the courtesy of — 


| 
| 
| 


of a 400-ton Emery machine at Water- 
town Arsenal in 1875, largely through 
the instrumentality of Col. Theodore 
_T. S. Laidley. Many destructive tests 
_ were made on this machine, by which the 
Ordnance Department could check the 
quality of purchased materials. With 
publication of these data there was a 
trend among other consumer interests to 
specify grades of materials purchased. 
Chief among these were the railroads. 
With consumer specifications to meet, 
‘it was incumbent on the producer for 
competitive reasons to improve his 
methods or alloys to meet the specifica- 
tion. In this connection and at this 
time (about 1880) a board was appointed 
to survey the potentialities of various 
materials including alloys of copper, tin, 
and zinc (1).3 Tests were made on 
transverse test bars 1 in. square, 22 in. 
between supports. ‘Tension tests speci- 
mens 0.798 in. in diameter were ma- 
| chined from the transverse bars of both 
. ferrous and non-ferrous metals. 
The trend here is clearly evident. 
| The work of Kirkaldy and the earlier 
works of Hodgkinson, Barlow, and others 
established the requirements needed for 
engineering design calculations. Elabo- 
rate and what were considered to be fairly 
precise formulas were worked out, on the 
basis of the data obtained, which found 
their way into engineering text books and 
eventually into building and other codes. 
Nevertheless, repeated failures led to 
the study of full-scale service parts. 
For example, the collapse of the Ireland 
Building in 1895 occasioned tests of ten 
different cast iron columns, including 
those from the building, which ultimately 
showed Gordon’s formula to be incorrect 
_ on both theoretical and practical grounds 
- the calculated strength of the columns 
in the building being 128 per cent greater 
than their actual strength. Since this 


* The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references 
appended to this paper, see p. 635. 
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and many other engineering formulas are 
empirical, their accuracy depends on the 
accuracy and reproducibility of the 
measurements of the properties of the 
material. In the ten columns tested hy 
the Building Department of New York 
City, breaking loads varied from 22,700 
psi. to more than 40,000 psi. 

These experiments and failures led 
engineers to be very skeptical of all 
materials data and to insist on tests of the 
parts to be employed or of representative 
samples of test coupons removed from 
the parts. 

Unfortunately, metallurgy had not 
developed at this period from an art to 
a science. The metal producer, whether 
foundry or mill, with no intimate knowl- 
edge of the material being produced, was 
unable to advise or criticise the efforts of 
the engineer or scientist working on ‘hese 
problems. Furthermore, he was prob- 
ably not even remotely interested. The 
engineer chose his samples more or less 
blindly and performed extensive experi- 
ments and devised mathematical tricks 
with no knowledge of whether the ma- 
terial was good, kad, or indifferent. As 
an example, to return to studies of 
columns, Hodgkinson’s experiments on 
which Gordon’s formula was based, were 
performed on Low Moor, Yorkshire 
No. 3 iron, said to be good iron, not very 
hard, which showed a tensile strength 
of 14,535 psi. (2). The lowest strength 
iron allowed in the first standard speci- 
fications for cast iron of the A.S.T.M. 
adopted in 1905 was 18,000 psi. It 
would be difficult for a modern foundry 
to produce an iron as weak as Hodgkin- 
son’s. Had there been competent metal- 
lurgists in that day to give proper advice, 
much future grief would have been 
avoided. Actual competence was not 
attained until the turn of the century, 
but scientific control in the gray iron 
foundry had scarcely come twenty years 
later. 
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DEVELOPMENT OF BRONZE TESTING 
REQUIREMENTS 


_ As with cast iron, little was known of 
non-ferrous alloys until long after their 
application in engineering design. In 
fact, no interest was displayed in non- 
ferrous materials by the A.S.T.M. until 
1911 with the formation of Committee 
B-2 on Non-Ferrous Metals and Alloys 
(Committee B-5 on Copper and Copper 
Alloys Cast and Wrought resulted from 
reorganization of B-2 in 1929). 

By the time of the organization of 
Committee B-2 the test bar situation 
for non-ferrous alloys was rather hope- 
lessly muddled. Each producer had his 
own favorite bar, if a bar was made at 
all. In view of the earlier history, it was 
natural that the consumer should want a 
test on a coupon taken from or cast 
integrally with the casting contracted for. 
The development of the new science of 
metallurgy went unheeded by the en- 
gineer. Nevertheless, the foundryman 
was learning to control his product and 
tu place faith in the bar he had developed 
on the basis of good foundry practice 
and good metallurgy. In many cases 
the consumer was well satisfied with the 
result. Critical discussion in the tech- 
nical press pointed out the misleading 
results often obtained from the integrally 
cast bar (3). Other work also appeared 
governing the design of bars, especially 
that of Jones (4), Karr (5), Webbert 
(6), and Skillman (7). 

Conflict of opinion between engineer, 
foundryman, and metallurgist might have 
been eliminated at this time but for 
failure of manganese bronze castings and 
forgings at the Catskill Aqueduct in 
1914. It was recognized that for this 
material, at least, no adequate test bar 
had yet been devised. This failure led 
to withholding of standard specifications 
for high-strength brass and bronze rods 
scheduled for completion in 1915, in dis- 
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cussion of which G. K. Burgess of the 
National Bureau of Standards remarked, 7 
“Tt would appear that the knowledge ., 
generally available to engineers responsi- 
ble for designing structures into which 
non-ferrous alloys enter is all too meager” 
(8). 

In the period commencing around 1910 
much attention was paid to the method 
of producing test bars, as no‘ed above. 
The main points involved were: (1) 
the separately versus the integrally cast — 
bar; (2) the machined versus the cast-to- 
size bar, and (3) the sand-cast versus 
the chill-cast bar. Many leading foun- — 
drymen were in favor of the integrally | 
cast bar. Referring to Outerbridge’s 
work (3) on the coupon test, Jesse Jones 
wrote, “It is rather gratuitous to call the 
integrity of such tests into question. .. .” 
(4). Jones performed a number of tests 
on manganese bronze and “red brass” 
(composition not stated but presumed to — 
be 85-5-5-5). The test bar patterns — 
represented those currently used by a 
number of leading manufactures. Jones 
concluded that the best sand-cast bar 


was one similar to a steel coupon with a 
heavy over-all riser. In view of the — 
high shrinkage of manganese yen 
this conclusion was possibly correct and 
the present manganese bronze specifica- : 
tions call for a keel block casting al-— 
though the keel block specimen is at 
present under question, especially in 
England. For red brass, however, his P 
conclusion was not borne out by his 
data, the best tensile strength being 
shown by a simple cast-to-size bar with 
a riser at the far end from the gate. 


Bars simulating integrally cast bars were 
generally inferior. 
The Webbert Bar: 7 


In 1914 Webbert (6) described his 
method of attaching test bars to a 
casting, the bar being cast approximately — 
to size and attached to the casting by a 


| 

| 

) 

r 

f 3 

- 

“ 

Ss 

of 

n 

e \ 

y 

h 

i- 

[. 

It 

e, 

ot 

y; 

on 

rs 


628 SMITH ON Test SPECIMENS FOR NON-FERROUS CASTINGS 

thin gate the full length of the specimen elongation of 40 per cent. The bar 

Be shown in Figs. 1 and 2, claiming this could hardly be called representative of 
method specially suitable for 88-10-2 the casting. 

castings. If the bar could be placed in An extensive investigation was carried 
the parting line, the pattern could be put out by the National Bureau of Standards 
on the plate. Otherwise it was a simple in cooperation with the American Insti- 
matter to place a suitably designed core. tute of Metals on the general properties 


Se 


1.- 


Fic. 2.—88-10-2 Casting Showing Test Specimen Attached. 


‘It is interesting to note that Webbert of 88 10 2 with one of the purposes the 
gave data in which for a large valve body establishment of a suitable standard 
the body wall showed a tensile strength test bar. This investigation resulted in 
of 25,800 psi. and an elongation in 2 in. the reports of Karr (5, 10) and Rawdon 
of 13 per cent, for the flange a tensile (9) to the American Institute of Metals 
strength of 23,650 psi. and an elongation and in the report of the National 
of 11.0 per cent, and for the cast-on bar Bureau of Standards (11). The results 
a tensile strength of 40,000 psi. and an on test bars were not particularly con- 
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clusive and the chief outcome of the in- 
vestigation was the oxidation theory of 
causes of porosity in bronze, since shown 
to be entirely erroneous. 

When the A.S.T.M. Tentative Speci- 
fication for the Alloy: Copper, 88 per 
cent; Tin, 10 per cent; Zinc, 2 per cent 
(B 10-15 T)* were established in 1915, 
a bar similar to the Webbert bar shown 
in Fig. 3 was made mandatory for all 
castings on which it could be applied. 
On other castings the method of test bar 
production was as agreed to by producer 
and purchaser. The specifications were 
adopted as standard in 1918 (B 10 — 18).° 


The Crown Bar: 


That the Webbert bar was not entirely 
satisfactory is evidenced by the fact that 


Fig. 3.—Test Specimen of A.S.T.M. Specification B 10. — 
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the whole test bar question was again 
reviewed by Subcommittee IIT on Sand- 
Cast Metals and Alloys of the A.S.T.M. 
Committee B-2 on Non-Ferrous Metals 
and Alloys in 1922 (12) and much experi- 
mental work was done on a bar cor- 
responding in its general features to that 
now known as the Crown bar, with 
thin gates along the length of the grips 
but leaving the gage length free, unlike 
the Webbert bar with its fin-gate the 
whole length. No report was made of 
the data obtained on these cooperative 
investigations but note of the progress of 
the work was taken by Jones in dis- 
cussion of Dix’s paper on non-ferrous 
specimens (13) that at that time chief 
attention was being given to the bar of 


41915 Book of A.S.T.M. Standards, p. 550. 
5 1918 Book of A.S.T.M. Standards, p. 447. 
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the Crown type attached to a flat reser- . 

voir plate. 

The A.S.T.M. Bar: 
Whatever the verdict of the investi- 

gating committee, when A.S.T.M. Ten- : 


tative Specifications for 88-8-4 Copper- 
Tin-Zinc Alloy: (B 60-26 T),° Steam 
Bronze (B 61 — 26 T),’ and Composition 
Brass (B 62 — 26 T)* were proposed, the 
bar described in B 10— 18 was modified to 
the extent of adding a plate approxi- 
mately 1 by 4 by 6 in. to which the bar | 
was attached throughout its length by 
a fin-gate ;°; in. thick as shown in Fig. 4. | 
The fin-gate on the B 10-18 bar was | 
} in. thick and } in. wide at the grips, | 
the width not being specified in thenew _ 
pattern until 1941. Whether there was : 


6° 
Ls 
' 45°+.5 
be jz" 24 | 


Fig. 4.—Test Specimen Coupon of A.S.T.M. 
Specifications B 60. 


complete faith in this new pattern cannot — 
be stated, but suffice it to say no change © 


‘ Proceedings, Am. Soc. Testing Mats., Vol. 26, Part I, — 
p. 701 (1926). eg 


7 [bid., p. 705. 


8 [bid., p. 709. 
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was made in the B 10 - 18 pattern until 
1934 when these specifications were 
withdrawn as being covered by Specifica- 
tions B 60 - 28.° 

An interesting point develops in ex- 
amining requirements of A.S.T.M. 
Specifications B10 and B60, B 61, 
B62. The Webbert bar of B 10-18 
was required to be an integral part of all 
castings to which it could be applied. 
The modified bar with plate attached of 
the later specifications B 60, B 61, and 
B 62 was mandatory until 1941 when the 
sense was changed to recommended. 
In a casting to which it was practicable 
to attach a bar, according to the require- 
ment of the specifications, not only the 
kar but its accompanying plate had to be 
attached. No method of gating is pre- 
scribed in A.S.T.M. specifications but 
in U.S. Federal Specification QQ-M-151la 
the gating is clearly prescribed. From 
this provision it is obvious that the test 
bar is no more representative of the 
casting to which it is attached than if it 
were cast separately. The new A.S.T.M 
tentative specifications which replace 
the earlier B 60, B 61, and B 62, namely, 
A.S.T.M. Tentative Specifications for 
Tin-Bronze Castings (B 143-42 T),'°and 
for Leaded Red Brass (B 145 - 42 T)," 
and also others in which this same test 
bar is recommended, namely, A.S.T.M. 
Tentative Specifications for High-Leaded 
Tin-Bronze (B 144 — 42 T),"? for Leaded 
Yellow Brass (B 146-42 T)," and for 
Leaded Nickel-Brass (B 149-42 T)," 
omit all reference to attachment of the 
bar to the castings. 

From a cooperative research investi- 
gation of the Non-Ferrous Ingot Metal 
Institute and the National Bureau of 


91930 Book of A.S.T.M. Standards, Part I, p. 660. 
10 1942 Boox of A.S.T.M. Standards, Part I, p. 1332. 
[bil., p. 1340. 

12 [hil., p. 1336. 

p. 1344. 

4 [bid., p. 1356. 


Standards commencing in 1930, Gardner 
and Saeger (14) reported that the fin- 
gate type bar of A.S.T.M. specifications 
showed adverse structural development 
as a result of the fin-gate and over-all 
riser with a consequent lack of uni- 
formity in physical properties. This 
report showed better properties in a cast- 
to-size bar with a single riser at the far 
end from the sprue, described a year 
earlier by Parsons (15). Of interest was 
a remark in discussion of Parson’s paper 
by St. John, ““The whole matter of test 
bars, it appears to me, is one which 
should receive a thorough housecleaning. 
I do not know who should do it but it 
is overdue.” One is reminded of Mark 
Twain’s comment on the weather, that 


Gated Here and Two | 
Bars per Mold Poured z 
a 


Fic. 5.—Test Specimen cas of U.S. Fed- 
eral Specification QQ-M-15la I’ig. 10a. 


people are always talking about it but 
no one ever does anything about it. 
Quite recently a report was made to 
Subcommittee X on Copper-Base Alloys 
for Sand Castings of A.S.T.M. Com- 
mittee B-5 on Copper and Copper Alloys, 
Cast and Wrought by Curran, Bolton, 
Wolf, and Martin on “Studies of Ma- 
chined versus As-Cast Test Specimens 
for Copper-Base Alloy Sand Castings 
(16). Comparative tests were reported 
on methods of casting of Webbert, 
Crown and other types of bars in general 
use. The opinion was advanced that 
the present bars specified by the A.S. 
-T.M. as Webbert, and by the Navy as 
Crown (see Fig. 5), are not properly 
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designed from a metallurgical viewpoint. 
An alternative bar was proposed by one 
of the reporters which was purported to 
represent not only an economical bar to 
produce but also ore conforming to good 
foundry practice. This bar, designated 
in the paper as LTB-1, is at present 
under consideration by the A.S.T.M. 
as an alternative to the Webbert bar 
and has keen included as an Emer- 
gency Alternate to the specifications in 
question. 

The foregoing in general covers the 
history of the present prescribed test bar. 
Heretofore a producer need not have 
followed the A.S.T.M. requirement (later 
recommendation) unless required by the 
purchaser. At present, however, prac- 
tically all of these castings are being 
manufactured to Government specifica- 
tion with no option on the part of the 
producer. Hence, the producer is con- 
siderably more interested in a properly 
specified bar than he has been in the 
past. It therefore seems desirable to 
examine the historical record somewhat 
critically, as well as to pick the flaws in 
the present specifications, to see whether 
sore help can be brought forward in this 
controversial matter. 


PURPOSE OF A TEST BAR 


There are certain practical principles 
which must be borne clearly in mind in 
any discussion of this problem. It is 
the desire of the engineer to know 
exactly the quality of the material in a 
particular section. But no test bar that 
could ke conceived would give him this 
answer. The only possible test which 
would ke indicative would be a test of 
the part under the conditions for which 
the part is designed. If it is a bearing, 
then the finished bearing must be tested 
to destruction under its shaft load. 
If it is a valve for hydrostatic pressure, 
then the finished valve must be tested 
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to destruction under hydrostatic pres- 
sure. Only these tests will tell anything 
of the quality of the material in the part 
or the adequacy of the design. A test 
bar cannot do this. It can only tell 
the quality of the metal as it goes into 
the mold. In the development of the 
integrally cast coupon, it always has 
been assumed that the bar would show © 
either inadequacy of design or, on the — 
assumption that the design is adequate, 

the qualities of the metal in the casting. | 
These assumptions in many cases have — 
been wholly unwarranted—else failures 
of the type shown in the Ireland Build- 

ing or the Catskill Aqueduct would — 
never have occurred. The integrally 
cast bar will show only that the metal in 
of design or adequacy of feeding in a 

casting, what can it show? The only 

if the design and gating practices are 
correct. The test lar should be a true 


the bar itself was properly or improperly 
melted, cast, and fed. ; 
If the test bar cannot show adequacy _ 
thing it can show is, as stated above, the 
quality of the metal as it goes into the 
mold and the potentialities of the metal - 


‘measuring stick of this quality. The 


question is whether the present test bar 
is such a measuring stick. 


A.S.T.M. Bar as A Proper STANDARD | 


The present design of the A.S.T.M. 
bar was arrived at in a rather woman dl 
fashion. In spite of being so-called, it 
is definitely no longer the Webbert bar. 
The Webbert bar was designed to ie 
attached to a casting by means of its fin” 
gate. Its intent was to show the quality 
of metal in the casting near to the point 
of attachment. Since the new tentative 
specifications do not even mention the 
casting, obviously the intent is far. 
removed from Webbert’s, let alone 
having its own riser attached which 
would certainly indicate some other 


632 SMITH ON TEST SPECIMENS FOR NON-FERROUS CASTINGS 


purpose than to show the quality of the 
section to which the bar is attached. 
Actually, there was never a Webbert 
bar, but only a Webbert gate. 

Dix (13) has described experiments 
performed at McCook Field in which 
bars were attached to flat rectangular 
plates by means of this Webbert gate. 
The most uniform results were obtained 
when the plate was placed above the bar 
to act as a riser. However, when the 
plate was placed horizontally, ‘the 
methods were not experimented with 
further because the results were so high 
as to be misleading to designers if used 
for specifications values.” This ob- 
servation has been verified on repeated 
occasions, most recently by Curran in 
the committee report last year. But 
this was the method of attachment 
advocated by Webbert, that is, gated 
in the parting line. 

The test bar question should have 
been cleared up by the work of the 
Bureau of Standards in 1914 and 1915. 
The issue became confused, however, 
since improperly melted metal afforded 
no good data for comparison. The 
Bureau recognized this fact and made 
an investigation of melting practice. 
Most unfortunately, a test bar was 
developed which would make both good 
and bad metal give comparable and 
uniform results, or at least such must 
be the supposition, for we know today 
that the metal from which the test bar 
data were gathered was improperly 
melted. Dix’s (13) bars attached to 
horizontal plates, which were thrown out 
because of excessively high results, 
showed properties which would be con- 
sidered barely normal with present-day 
good foundry practice. Most of the bars, 
including one specimen of the recom- 
mended pattern, would be rejected 
under the present specifications because 
of low elongation. 


CRITERIA FOR TEST BARS © 


The various points involved in the 
production of castings and the adequacy 
of test bar design to show their qualities 
are touched on here: 

1. Melting Atmosphere.—Melting at- 
mosphere affects the quality of the 
metal. An improper atmosphere will 
cause the metal to be deficient in 
strength and isa frequent cause of leak- 
ersin pressure castings. The test bar 
should clearly show gassing of the 
metal, both in lowering of physical 
properties and poor fracture, and should 
in no way disguise a gassed condition 
through accelerated freezing (chills), 
high head pressure, etc. This was a 
shortcoming of the Bureau of Standards’ 
work. 

2. Pouring Temperature.—The pour- 
ing temperature of a casting must be 
governed by its section size to produce 
a proper solidification with good feeding 
possibilities and without excessively 
coarse grain structure. The test bar as 
a casting likewise should be poured at 
its best casting temperature which will 
have no necessary relationship to the 
temperatures for pouring the castings it 
represents. The temperature should not 
be so low as to obscure the effect of gass- 
ing, which temperature may be proper 
for castings of heavy sections, nor so high 
as to be excessively coarse grained, 
which temperature may be proper for 
castings of very light section. 

3. Sand.—The test bar should not be 
affected by the quality of the sand. 
Many castings are cored at their critical 
sections, and permeabilities vary mark- 
edly with the class of work. Metal 
from the same furnace may be poured 
into a number of different sands, green, 
dry, core, etc. Metal for test bars 


should be poured in that sand which 
would contribute the least variation in 
properties. This may or may not be 
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the sand in which the castings are 
poured. As stated above, no excessive 
effect of chill should be produced by the 
sand chosen, However, since the metal 
must meet a general specification, it may 
be as well to specify the sand in which 
all test bars are cast and thus avoid any 
question that may arise because of dif- 
ferences in procedure. Since the tin 
and leaded tin bronzes are cast chiefly 
in green sand this brief requirement 
should be sufficient. 

4. Gating.—If the metal is properly 
melted and poured, the chief factor con- 
tributing to the acceptance or rejection 
of castings is the gating system employed. 
Frequently the foundryman is defeated 
on the drawing-board in properly gating 
the casting. This is especially true in 
the jobbing foundries. It is beyond the 
power of any test bar to show whether a 
casting is properly gated or properly 
designed. Hence, it must be made sure 
that the test bar is properly gated in 
order to show the intrinsic properties of 
the metal irrespective of the casting. 
The gating involves not only proper 
feeding but also freedom from turbu- 
lence, proper skimming, etc. 

5. Cooling.—The test bar should be 
allowed to cool at a normal rate in the 
mold, unaffected by excessive masses of 
hot material such as excessive risers, etc. 
The risers should be of sufficient size and 
be so placed as properly to feed the 
casting but no more. 


Discussion oF A.S.T.M. AND FEDERAL 
BARS 


It is of interest to see in what ways 
the present A.S.T.M. and Federal bars 
compare with respect to the factors 
described above. 

1. Melting Atmosphere.—Uniformity 
of results with the A.S.T.M. bar inde- 
pendent of melting atmosphere leads one 
to wonder whether the A.S.T.M. bar is 
capable of distinguishing 


melted metal. A suggested mechanism 
is that with the heavy feeding head em- 
ployed the cooling of the specimen at- 
tached permits the escape of rejected 
gases up into the riser through the pro- 
nounced directional solidification that 
would result from the heavy riser and 
rather wide gate, half the thickness of 
the bar. If this mechanism is true, and 
it seems a likely explanation, then the 
purpose of the test bar for showing metal 
quality is defeated by the fin gate. This 
objection is overcome by the use of the 
Crown bar in which the reduced section 
is entirely surrounded by sand. 

2. Pouring Temperature.—As regards 
bronze test bars, the A.S.T.M. specifica- 
tions are not specific on pouring tem- 
peratures with the exception of the 
statement, ‘“The bars shall be cast from 
the first metal poured from the melt.’ 
In the case of large castings, the proper 
temperature for test bar pouring could 
be attained readily, but in the case of 
small castings requiring a high pouring 
temperature, the temperature might be 
much too high for the test bar. 

3. Sand.—The A.S.T.M. specifications 
only require that the test bar be poured 
in sand and that it should not be chilled. 
As stated above, it might be desirable 
to require the use of green sand for the 
sake of uniformity. 

4. Gating.—In earlier work on the 
study of test bars little was done to skim 
the metal of slag or dross in the gating 
or to eliminate turbulence. This un- 
doubtedly has contributed in certain in- 
stances to erroneous results. It is up to 
the foundryman to see that clean metal 
goes into the mold, and this need not be 
a part of the specifications. However, in 
the publication of data on the subject, 
such data as might be affected by slag 
or other inclusions should not be sub- 
mitted. 


15 1942 Book of A. - .T.M. as Part I, p. 792. 
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Under atmosphere it was pointed out 
that the fin gate the length of the bar 
was undesirable and that the Crown bar 
was a better solution. However, if 
there is to be a riser over each end, or 
even a single one as in the case of the 
Crown bar, there is no good reason for 
attaching it as it is now, in view of the 
greatly added expense involved. In 
most foundries the Crown bar is diffi- 
cult to mold and to pour and its merits 
hardly justify such difficulties. By mak- 
ing separate risers for each end cylindri- 
cal in form, the same results are achieved 
very much more simply. The point of 
attachment and dimensions of the gate 
in the Navy bar are more than unduly 
restrictive. If limiting conditions were 
set up that the foundryman could 
work /o (for example, green sand, risers 
at each end, a pouring temperature 
control), it would be utterly impossible 
to produce a bar that was too good— 
Mr. Dixto the contrary notwithstanding. 
Hence, the ideal would ke to fix these 
limits reasonably and impose no further 
restriction if the restriction only makes 
for added cost. The only purpose of any 
of the restrictions should be to prevent 
the up-grading of a bad lot of metal, and 
any restriction that would cause good and 
bad retal to give similar results is very 
cefinitely objectionable. Likewise any 
restriction which would increase the pro- 
duction cost without commensurate bene- 
fit is unwarranted. The fin gate on the 
A.S.T.M. bar, the prescribed ingress gate 
and single flat riser in the Federal and 
Navy bars, are objectionable for these 

reasons. 


Macuinep versus UNMACHINED BARS 


Nothing has been said thus far con- 
cerning machined versus unmachined test 
bars of sand-cast alloys. This point has 
also keen dekated for many years. 
There should ke little debate if cogni- 
zance is taken of the metallurgical prin- 


ciples involved. In any metal or alloy 
cooling through the freezing range, im- 
purities, gases, etc., are concentrated in 
the remaining liquid. The portion first 
solidifying is relatively free from such, 
unless the metal is extremely poor. 
With this impurity concentration at the 
center, the center will constitute a zone 
of weakness. Hence, the machined bar 
theoretically will be weaker than the 
unmachined. If the metal is uniformly 
good and cast into a well-designed test 
bar mold, the difference between ma- 
chined and unmachined bars will be 
negligible. If, however, the metal is 
inferior, the worse it becomes the greater 
will be the difference between the two. 
It is believed that the machined bar has 
been specified because of the amount of 
experimental work in the past performed 
on poorly melted metal. Because of the 
upgrading of poor test bars by testing 
them unmachined it has been thought 
wisest to specify machining. This would 
appear to be one of the unfortunate 
penalties the first class foundryman must 
pay because of competition in the field 
of his less enlightened brothers. 


CONCLUSIONS 


A review of the history of development 
of the bronze test bar reveals that the 
present bars (A.S.T.M., Federal and 
Navy) have become accepted on no very 
sound premises and from many unsound 
data. The present A.S.T.M. and Navy 
bars started out simply as a convenient 
method for attaching a bar to a casting, 
and have ended up as separately cast bars 
with very carefully dimensioned over-all 
risers in the feeding of which great faith 
is placed. The data presented, un- 
fortunately, are about the worst possible 
defense of the bars. The bars have been 
brought to fruition as a hodge-podge of 
ideas which can be defended on neither 
historical nor theoretical grounds. They 
are an expense, a burden, and almost 
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universally an object of controversy 
among foundrymen. 

It would appear to be time for our 
standardization societies to get together 
and develop a bar which would represent 
just what a test bar should be—a reason- 
able and economical sample which will 
represent the metal from which a lot of 
castings are to be made. The design of 
the present bars has largely resulted 
from the dictates of the consumer group 
with not too much evidence of thorough 
grounding in either metallurgy or foun- 
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DISCUSSION 


Mr. G. H. Cramer.'—Mr. Smith 
has contributed in his paper information 
of much value for the guidance of Sub- 
committee X of Committee B-5 on Cop- 
per Alloys, of which lamchairman. He 
has presented an historical story of the 
evolution of existing test bars and test 
bar practice. He has clearly disclosed 
that there is still lacking a proper under- 
standing of the same. 

The subject of his paper has been 
under discussion for many years. In 
1912 the Society took its first steps in 
connection with the study of test bars 
and test bar practice to be used for de- 
termining the properties of copper-base 
alloys. A small group met at that time 
for a discussion of this subject. Through 
the influence of that group the Advisory 
Committee of the National Bureau of 
Standards came into being. Mr. C. P. 
Karr was retained by the Bureau and 
was assigned to the project of developing 
satisfactory test bars and test bar 
practice to be used in determining the 
properties of copper-base casting alloys. 
As stated by Mr. Smith in his paper, his 
work was largely in connection with the 
study of so-called “gun metal”; namely, 
88 per cent copper, 10 per cent tin, 2 
per cent zinc alloy. 

Mr. Smith has traced historically the 
evolution of various test bars. The 
Webbert bar was proposed after Mr. 
Karr’s time and still later the Crown 
bar and others. I am glad to report 
that there has been for some time a 
_ crystallization of knowledge and opinion 


1Presidznt and General Manager, The Ajax Metal 
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indicating that a revision of our present 
practices is due. The paper is particu- 
larly valuable in that it emphasizes the 
fact that the so-called Webbert bar was 
originally intended for attachment to a 
casting, also that it cannot represent the 
metal in a casting. This fact is be- 
coming increasingly clear to all con- 
cerned. The Non-Ferrous Division of 
the American Foundrymen’s Association 
last year formally went on record with a 
statement to that effect. Subcommittee 
X of Committee B-5 went on record as 
advocating a complete study of test bars 
and test bar practice as applied to cop- 
per-base alloys for sand castings. 
Subcommittee X, Committze B-5, in 
its annual report at this annual meeting, 
is recommending the revision of the 
specifications for copper-base ingots for 
sand castings by proposing that ingots 
be sold on the basis of meting physical 
requirements with less dependence on 
chemical requirement. This action has 
stimulated the Non-Ferrous Ingot Metal 
Institute to sponsor financially an ex- 
tensive research project at Battelle 
Memorial Institute, to be devoted to test 
bars and test bar practice. This project 
is now under way. It is interesting to 
note that in a recent publication the 
British Non-Ferrous Metals Research 
Association made the statement that 
standardization of test bars and test bar 
practice is long overdue. Mr. W. A. 
Baker of that association recently pre- 
sented a paper containing one very per- 
tinent statement; namely, that he con- 
siders that the best test bar now almost 
universally used, and having a diameter 
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of only 0.57 in. on the parallel portion, 
does not discriminate sufficiently well 
between gassed and degassed metal. 

_ He presents emphatic evidence to dis- 
: close that in a section of this small 
diameter the gas is squeezed out of that 
section because of rapid chilling and is 
entrained in the shoulder. Such test 
bars are frequently porous in the shoul- 
ders and break in that locality. The 
~ author proposes a test bar of larger 
‘ diameter. A comparison of the present- 
_ day small diameter bar with a bar of 
4 larger diameter is worthy of extended 
investigation. 
IT am delighted that this subject has 
now been brought out into the open. 
As a result of the Non-Ferrous Ingot 
Metal Institute research project above 
_ referred to, I am quite confident that 
- more satisfactory test bars than those 
currently in use will be developed. One 
~ standard type of bar, having uniform 
dimensions, cannot reasonably be ex- 
pected to be suitable for all copper-base 
; casting alloys. We can look forward 
with much confidence to evolving a test 
bar and standardized test bar practice 
that will make possible a true indication 
of properties. 

Mr. Sam Tour.*—This paper is a 
straight-from-the-shoulder talk on the 
subject of test bars. I might suggest 
that it be considered as directed against 
test bars in the copper-base alloy field 
rather than against the entire non- 
ferrous field. Committee B-7 has been 
doing some work in connection with test 
bars for aluminum, and I believe that 
the situation for sand castings of alu- 
minum is a little farther along. 

I should like to point out what, in my 
opinion, is a large contributory factor 
to this situation in connection with test 
bars for the brass and bronze casting 
field. I refer to the lack of interest and 


mha d 


? President, Sam Tour & Co., Inc., New York, N. Y. 


Discussion ON TEST SPECIMENS FOR NON-FERROUS CASTINGS 


.. 


637 


lack of cooperation among the non-fer- 
rous foundrymen in this country. 

If we review the A.S.T.M. specifica- 
tions and the make-up of the commit- 
tees, we find that the main driving force 
in connection with copper-base alloy 
castings has been the producer of ingot 
metal and not the foundries that are 
making castings. A few outstanding 
men representing foundries making cast- 
ings are on these committees, but the 
bulk of the committee membership has 
been the ingot metal producers and the 
service departments of the Government. 
Actually, foundrymen throughout the 
country are inactive and users of non- 
ferrous castings, other than Govern- 
ment services, have not been very help- 
ful and cooperative. 

For years I have pointed out the need 
for a little more interest and desire to 
accomplish something upon the part of 
the non-ferrous foundrymen, and how 
the foundrymen have not supported 
work along these lines and lack a coop- 
erative attitude. 

The cooperative work of the Ingot 
Metal Institute has been excellent. It 
is high time that the non-ferrous foundry- 
men in this country woke up to the fact 
that they are in business, they hope to 
stay in business, and they should do 
something to preserve and improve their 
own business. 

Mr. WayNE MartTIn® (presented in 
wrilien form).—This paper gives a very 
interesting history of the evolution of 
test specimens, much of which was not 
known to us. We have given consid- 
erable thought to this problem and have 
arrived at some conclusions. They are 
as follows: 

1. A cast test bar can be used only asa 
test means to insure that the metal was 
in its proper condition at the time it 
was poured into the mold. 


3 Assistant Materials Engineer, Materials Lab., Sperry 
Gyroscope Co., Inc., Brooklyn, é 
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2. The cast test bar cannot be used 
as a means of determining the usefulness 
ofa casting. This must be evaluated by 
other methods such as_ radiographic 
inspection, load deflection or some means 
of breakdown test. 

3. Assuming that the test bar can be 
used only as a means of determining that 
metal in the proper condition has been 
used to pour the casting, then the test 
bar should be cast in its most simple 
form that will give the best and most 
uniform properties for the metal being 
used. We, therefore, use cast-to-size 
bars on certain bronzes where these 
conditions are met, as in 88-8-4 gun 
metal and in 15 per cent zinc, 5 per cent 
silicon, silicon brass. 

Mr. J. W. Bo_ton.*—A great deal of 
trouble, as you realize, in the test bar 
evolution has arisen from the fact that 
years ago foundrymen did not know 
how to make sound bronze. When the 
bars showed variations no one knew 
whether those variations were due to 
idiosyncrasies due to design of the test 
bar or something wrong with the furnace 
operation or what. 

And there is, besides making test bars, 
a broad research field in the non-ferrous 
copper-base alloys for foundrymen to 
study, for example, the effects of section, 
the effects of design, and so forth. You 
are getting in this test bar just one 
phase of a big general problem. 

Mr. A. J. Smitn® (author’s closure, by 
letter).—The author appreciates the com- 
ments of those who participated in the 
discussion. 

It is not clear with respect to Karr’s 
work when the Webbert bar was first 
considered for standardization purposes. 


4 Director of Metallurgical Research and Testing, The 
Lunkenheimer Co , Cincinnati, Ohio. 
5 The Lunkenheimer Co., Cincinnati, Ohio. 


Webbert and Karr were working on the 
problem at the same period. The Web- 
bert bar was adopted for A.S.T.M. 
Specifications B 10 in the same year that 
Karr’s comprehensive report appeared, 
1915. It is of interest to note that 
Mr. Clamer pointed out, in discussion of 
Webbert's paper at its presentation in 
1914, that the Webbert bar was appar- 
ently satisfactory for copper-zinc alloys 
but not for copper-tin. 

It is gratifying to learn that work on 
the problem is again being carried on as a 
sponsored research project. Great credit 
is due the Non-Ferrous Ingot Metal 
Institute for this. The foundrymen and 
manufacturers should feel a little remiss 
at not coordinating their effort in this 
work. 

The work of the British Non-Ferrous 
Research Association should be followed 
very attentively. It is concerned with 
the production of sound castings and 
getting the molten metal in proper con- 
dition for yielding soundness if other 
phases of the foundry practice are cor- 
rect. To do this a suitable measuring 
stick is necessary and as Mr. Clamer 
points out the test bars currently used 
have been shown to be quite inadequate 
in this respect. 

Mr. Tour is correct in that this paper 
is directed chiefly against test bars in the 
copper-base alloy field. Nevertheless 
even for aluminum alloys much remains 
to be done. In certain of the aluminum 
alloys melting procedures are employed 
to redistribute the expected porosity so 
that the voids are no longer harmful, yet 
with no change in the actual density. 
This calls for such a delicate balance that 
the test bar may or may not indicate the 
true condition of the metal. However, 
as Mr. Tour says the situation is farther 
along. 
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SYNOPSIS 


A control test forsome aluminum-copper alloys is described. This test 
consists of alternately immersing specimens of these alloys in a solution 
containing 57 g. of sodium chloride and 3 g. of hydrogen peroxide per liter at 
30C. A detailed description of the test procedure is given. 
several variables, such as concentration and volume of the solution, or change 
_ in thickness and heat treating conditions of the test specimens, on the test 


results is discussed. 


ALLOYS 


By R. B. Mears,! C. J. WALTON,’ AND G. G. ELDREDGE! 


The effect of 


For the past eighteen years, the Alumi- 
num Research Laboratories have been 
using an alternate immersion test in a 
solution of sodium chloride and hydrogen 
peroxide as a control test for aluminum 
alloys (other than the Alclad alloys) 
which contain copper as the principal 
alloying agent. This test has proved 
very useful during its long period of 
service. In addition, the mechanical 
features of the alternate immersion unit 
have been entirely satisfactory. It was, 
therefore, considered desirable to de- 
scribe this unit in order that others could 
benefit from our experience.” 

The test is used to determine whether 
one lot of a given aluminum-copper alloy 
behaves similarly to other lots, and what 
the effects of various thermal treatments 
are on the resistance to corrosion of a 


1Chief, and Metallurgists, respectively, Chemical 
Metallurgy Division, Aluminum Research Laboratories, 
Aluminum Company ‘of America, New kensington, Pa. 

? A description of another method of conducting alter- 
nate immersion corrosion tests has been given by D. &. 
Crampton and N. W. ».itchell, ‘“‘Alternate-Immersion and 
Water-Line Tests,” Symposium on Corrosion Testing 
Procedures, p. 74, Chicago Regional Meeting, Am. Soc. 
Testing Mats. (1937). (Symposium issued as separate 
publication.) 


given aluminum-copperalloy. For these 
purposes it has proved highly valuable. 

This test cannot be considered as an 
“accelerated corrosion test” as this term 
is ordinarily used. That is, no attempt 
has been made to state that x hours ex- 
posure in the alternate immersion test is 
equivalent to y hours exposure to the 
outdoor atmosphere. Such a correlation 
in the general case is impossible, since 
the relative behavior of different alloys 
varies too widely when exposed in differ- 
ent outdoor locations. 


Description of the Test: 


During the years the test has been 
used, it has been improved and modified 
in varicus ways. Its present form will be 
described here. 

The apparatus consists of a large, in- 
sulated cabinet 97 by 78 in. by 78 in. 
high (see Fig. 1). In this cabinet two 
shelves are housed one above the other. 
Wide slots are provided in these shelves 
into which glass solution containers can 
be slid. These glass containers are 53 by 
103 in. by 3 in. high. They are of Pyrex 
glass and are made for baking bread. 
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In each container 1800 ml. of a distilled 
water solution containing 57 g. of U.S.P. 
sodium chloride and 3 g. of hydrogen 
peroxide (as H,O,) per liter of solution 
are used. Merck’s C.P. 30 per cent hy- 
drogen peroxide is generally employed, 
since it has been found that the stabil- 
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sion specimens 9 in. long are used. Two 
specimens are exposed in each container. 
The apparatus with the outer cabinet 
removed is shown in Fig. 2. 

The specimens are supported by alumi- 
num alloy supports faced with glass rods. 
The supports are coated with a heat-re- 


Fic. 1.—Alternate Immersion Testing Apparatus Enclosed in Insulated Cabinet 
The top doors are removed so that the solution vessels and stressed specimens can be seen. 


izers used in this material do not affect 
the corrosion rate. The stabilizers (such 
as tin salts) used in some other grades 
of peroxide have been found to be un- 
satisfactory. 

Each shelf of the apparatus has space 
for 32 glass containers. Generally, 
standard A.S.T.M.’ machined sheet ten- 


active phenolic coating. Thus, the spec- 
imens contact only the glass rods and 
are, therefore, insulated from each other 
and from the supporting fixture. The 
apparatus is so designed that one speci- 
men in each container can be stressed 

3 Standard Methods of Tension Testin 


Materials (E 8-42), 1942 Book of A.S.T. 
Part I, p. 899. 
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as a sirrple beam by a direct load applied 
at the third points by means of a glass- 
rod-faced zluminum alloy bricge. This 
bridge is also ccated with a heat-reactive 
phenolic coating. Thus, most of the 
gage length of a loaded specimen is 
stressed nearly uniformly. 

The shelves in the apparatus are de- 
signed so that they can be alternately 
raised and lowered for definite periods of 
time. This motion is controlled by a 
General Electric controller timing de- 
vice. The cycle can be varied at will. 
However, with the cycle generally used, 
the shelves are rapidly raised and held 
in the raised position for 1} min., thus 
immersing the specimens in the solution. 
Then they are lowered rapidly and held 
in the lowered position for 1} min., thus 
withdrawing the vessels of solution from 
the specimens and exposing the speci- 
mens to the air. 

By means of electric heaters, a circu- 
lating fan, and a thermoregulator, the 
temperature within the cabinet is main- 
tained at some constant value, normally 
30 + 1C. Other temperatures may be 
used if desired. The cabinet is equipped 
with an automatic temperature recorder 
(see Fig. 1) so that accidental variations 
in temperature will be recorded. 

The loads used in stressing the speci- 
mens are so calculated that a stress equal 
to some factor times the yield strength 
is applied to the outer fibers of the speci- 
men. In most cases, a stress equal to 
75 per cent of the yield strength is used 
for the stressed specimens. The loads 
are applied by lead weights as shown in 
Figs. 2 and 3. 

This apparatus, in which the con- 
tainers are raised and lowered, providing 
the alternate immersion feature, has 
proved much more satisfactory than 
earlier models in which the specimens 
themselves were alternately raised and 
lowered into the solution. 


Method of Conducting the Tests: 


In conducting the tests, if stressed 
specimens are to be exposed, the average 
tensile strength, yield strength, and 
elongation of from two to five specimens 
cut from the same lot of material as that 
which it is desired to test are first deter- 
mined. The thickness and width of the 
specimens to be used for corrosion /test- 
ing are measured prior to exposure. 
From the average value of the yield 
strength, the load required (in pounds) 
to stress the specimens to the desired 
value (say 75 per cent of the yield 
strength) is calculated. Then one un- 
stressed tension specimen and one speci- 
men to be stressed are placed in the fix- 
ture above each container. The de- 
sired load of lead weights (in addition to 
the tare weight of the loading device) is 
loaded on the fixture above each speci- 
men which is to be stressed, the solution 
is run into the glass vessels, and the alter- 
nate immersion cycle is started. Gener- 
ally, two unstressed specimens and two 
stressed specimens from each lot of ma- 
terial are tested. 

For No. 14-gage (0.064-in. thick) 
specimens, the period of exposure is 48 
hr. The solution is changed at the end 
of each 24-hr. period of exposure. 

At the conclusion of the exposure 
period, the specimens are removed, rinsed 
in cold tap water, and scraped with a 
piece of aluminum to remove salt and 
loosely adhering corrosion product. 
They are then rinsed again and immersed 
in concentrated (70 per cent) nitric acid 
for several minutes to remove the re- 
maining corrosion product. This solu- 
tion does not attack the specimens ap- 
preciably. After this they are rinsed, 
dipped in 1.0 per cent ammonium hy- 
droxide solution to neutralize residual 
acidity, rinsed again, and wiped dry with 
cheesecloth. They are then ready for 
mechanical testing. 
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_ The tensile strength and elongation of 

the corroded specimens are measured and 

the percentage changes in these proper- 

tics are calculated from these values and 

the values obtained on the original, un- 

. corroded specimens from the same lot of 
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Fic. 4.—Contro] Charts for Losses in Tensile 
Strength and Elongation on Unstressed and 
Stressed Specimens of 17S-T Standards Exposed 
to the Alternate Immersion Test (3o limits). 

Top curte—Loss in tensile strength—unstressed. 


Second curte—Loss in elongation—unstressed. 

Third curve—Lcess in tensile strength—stressed. 

Bottom curve—Loss in elongation—stressed. 
material. The yield strength of the 
corroded specimens is not usually deter- 
mined, since it has not proved to ke of 
value in interpreting the test results. 

In each test run, two unstressed 
specimens and two stressed specimens 
from one lot of aluminum-copper alloy of 
known behavior are included. These 
specimens serve as “internal standards” 
to indicate whether there is anything 
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unusual about the test conditions. In 
the course of time a large background 
of information is built up on the behavior 
of these “‘standard”’ specimens, since one 
lot of standard material will provide 
specimens for hundreds of tests. 


Results of Corrosion Tests on Internal 
Standards: 


During the period from Octoter, 1938, 
to September, 1940, a total of 220 pairs 
of stressed and unstressed specimens from 
one lot of commercial 17S-T* sheet were 
tested as internal standards along with 
other routine corrosion samples. The 
data from these specimens are shown as 
control charts in Fig. 4. These charts 
and the calculations for the 3 o limits 
were obtained using the methods recom- 
mended in the A.S.T.M. Manual on 
Presentation of Data, April, 1943. Av- 
erages of subgroups of four determina- 
tions each were used for each of the 55 
points in each chart. The four deter- 
minations which were averaged to obtain 
each point were based on four successive 
test periods. Each of these four deter- 
minations consisted of averages from 
duplicate specimens. 

The average loss in tensile strength 
for unstressed specimens was 9.7 per cent 
and for stressed specimens was 12.2 per 
cent, with average standard deviations 
(within subgroups) of 1.2 and 1.1 per 
cent, respectively. The average loss in 
elongati.n was 39.2 per cent for un- 
stressed specimens and 45.8 per cent for 
stressed specimens, with average stand- 
ard deviations (within subgroups) of 
4.6 and 3.7 per cent, respectively. 

Three points for loss of tensile strength 
for the unstressed specimens and seven 
points for stressed specimens fell outside 
the 3 o limits. Five points for loss in 
elongation for unstressed specimens and 


The nominal compositions for this for others 
mentioned subsequently are given in Table I 


OUP NUMBER 
GROUP NUMBER 
= 
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four points for stressed specimens fell 
outside the 3 o limits. Thus, the test 
cannot be considered to have been com- 
pletely under statistical control. A 


TABLE I.—NOMINAL COMPOSITION OF 
ALUMINUM-BASE MENTIONED 
IN TEXT. 


Alloying Elements, per cent 
(Aluminum and Norma! Impurities 
Alloy Constitute Remainder) 


Copper | Manganese Magnesium 


0.6 1.5 


4.0 0.5 0.5 
4.5 
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Tests on Laboratory Heat-Treated Ma- 
terial: 


Some of the variations in the preceding 
series of tests might have been the result 
of variations in resistance to corrosion 
within the lot of commercially prepared 
17S-T standard sheet. A special test 
was conducted, therefore, with sheet from 
one plant lot of 24S (material similar to 
17S in resistance to corrosion) to study 
this point. 

The properties and property losses of 
this material which was heat treated and 


TABLE II.—RESULTS OF ALTERNATE IMMERSION TESTS ON ALUMINUM-COPPER ALLOY SPECIMENS. 


17S-T Standards 24S-T Laboratory 24S-T Standards 
Tensile Tensile Tensile 
. Strength Elongation Strength Elongation Strength Elongation 
hewene eet. Ranaut 64 564 psi. | 20.87% in 2 in. | 69 609 psi. | 19.3% in 2 in. | 68 820 psi. | 21.2% in 2 in. 
Average loss, aah cent: 
Unstressed . beg 9.7 39.2 14.6 52.4 11.7 $2.1 
|} 12.2 45.8 17.0 61.6 
Over-all coefficient of vari-| 
ation of loss, per cent:* 
ae eres 18.8 16.2 18.3 13.2 23.1 4.7 
14.4 | 11.5 12.5 7.6 


6 There ¥ were re 220 stressed and 220 unstressed determinations of loss of the 17S-T standards, each based on two 


specimens. 


There were 80 determinations of loss of the 24S-T laboratory material. Since these were not in duplicate, the coeffi- 
cient found was divided by the s square root of two to make them comparable with the standards. 


There were only 16 stresse 


and 16 unstressed determinations of loss of the 24S-T standards, each based on two 


specimens. 
TABLE III.—TESTS ON LABORATORY HEAT TREATED 24S-T. 
Average Property Losses by Sheets and Groups of Four Sheets Quenched Together. 
Sheets | Group No.1 | Group No. 2 | Group No.3 | Group No.4 | Group No. 5 | Average 
Loss 1N TENSILE STRENGTH, PSI. 
No.1 9 720 11 420 9 650 10 452.5 9 265 
8 025 10 227.5 11 092.5 11 415 8 970 | 
9 497.5 11 102.5 9 200 9 780 11 432.5 | 
RE een 11 480 10 800 9 940 10 235 8 832.5 
9931 10 888 9971 10 471 9 625 10 177 
— ‘Loss in ELONGATION, PER CENT IN 2 IN. 
No.1 10.75 10.875 9.625 9.875 9.50 | 
10.50 10.25 11.625 11.125 9. | 
10.125 10.125 10.625 } 9.625 10.625 | 
10.375 8.75 9.25 10.00 9.375 | 
Avg Sine 10.44 10.00 10.28 10.16 9.62 | 10.10 


number of factors might have been 
responsible for this lack of control, and 
some of these factors were investigated 
in special tests. 


quenched in the laboratory are givenin 
Table II for comparison with the prop- 
erties and losses of the 17S-T standards 
used for the control charts. Also in 
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Table II are the properties of plant lot 
standards of 24S-T used in tests on the 
effect of thickness and quench to be 
discussed below. 

Twenty sheets from one plant lot of 
24S-T were used for these tests. Each 


Tams IV.—TESTS ON LABORATORY HEAT 
EATED 24S-T AVERAGE PROPERTY 
LOSSES BY PERIODS. 


ensile ie longation 

Period Strength, | Strength, | in 2in., 
psi. psi. per cent 

10 240 3 040 10.3 

9 190 3 045 9.9 

9 185 2 945 96 

SRA 11 505 3 615 10.6 
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mens Nos. 1, 4, 7, and 10 were tested in 
the uncorroded condition; specimens 
Nos. 2, 5, 8, and 11 were exposed in the 
unstressed condition. They were tested 
in various positions in the alternate im- 
mersion apparatus, and in four successive 
periods. The changes in tensile proper- 
ties resulting from the exposure were 
calculated. 

In Table III are given the losses in 
properties according to sheets and groups 
of four sheets heat treated and quenched 
together. The differences in tensile 
strength and elongation among the sets 
and sheets were not found to be signifi- 


TABLE V.—EFFECT OF VARIATIONS IN CONS TRATIONS OF SODIUM CHLORIDE AND HYDROGEN 


XIDE. 


| Loss in Mechanical Properties Caused by Corrosion, per cent 


= 
Hydro- Tensile Tensile Tensile Tensile ; 
Peete, Strength Elongation Strength Elongation Strength Elongation Strength Elongation 
. per 
|u| 
0.1 N NaCl 1.0 N NaCl 2.0 N NaCl 3.0 N NaCl 
_ 3.9 2.0 | 11.1 2.4 1.7 | 25.9 | 28.2 27! 4.3 4.2 | 24.0 | 26.4 
| eer 5.6 6.5 | 23.1 | 28.8 | 10.3 | 11.3 | 32.7 | 40.9 5.8 9.7 | 31.3 | 47.1 7.4 9.5 | 35.1 | 38.5 
| See 9.6 | 10.3 | 30.3 | 37.5 | 12.2 | 13.0 | 38.5 | 42.3 | 13.7 | 15.9 | 47.1 | 51.9 | 13.0 | 16.6 | 42.3 | 51.9 
ere 12.3 | 12.7 | 39.9 | 38.5 | 13.8 15.7 | 42.3 | 40.9 | 15.4 | 17.5 43.3 | 49.5 | 15.1 | 18.6 | 42.3 | 51.9 
Avg....| 7.9 | 26.1 | 28.0] 9.7 | 10.4 | 32.3 | 33.8| 9.4 | 10.7 | 36.2 | 40.1| 9.9} 12.2 | 35.9 | 42.1 
Normal- 
pe 0 g. per 1 liter H2O2 1g. per 1 liter H202 3 g. per 1 liter H2O2 5 g. per 1 liter HzO: 
Chloride 
0.1.. 2.9 2.0 | 11.1 7.2 5.6 6.5 | 23.1 | 28.8 9.6 | 10.3 | 30.3 | 37.5 | 12.3 | 12.7 | 39.9 | 38.5 
is 2.4 1.7 | 15.9 | 11.1 | 10.3 | 11.3 | 32.7 | 40.9 | 12.2 | 13.0 | 38.5 | 42.3 | 13.8 | 15.7 | 42.3 | 40.9 
i oy 1.219.391 Bes 5.8 9.7 | 31.3 | 47.1 | 13.7 | 15.9 | 47.1 | $1.9 | 15.4 | 17.5 | 43.3 | 49.5 
3.0.. 4.3 4.2 | 24.0 | 26.4 7.1 9.5 | 35.1 | 38.5 | 13.0 | 16.6 | 42.3 51.9 | 15.1 | 18.6 | 42.3 | 51.9 
Avg.. 3.1 -3 | 18.5 | 14.2 2 3 | 30.5 | 38.8 | 12.1 | 14.0 | 39.6 | 5.9 | 14.2 | 16.1 | 42.0 | 45.2 


Notes.—Tests made on tension specimens machined (cross-grain) from 0.064-in. thick commercial 17S-T sheet. 
Specimens were etched to produce a uniform surface and exposed for 24 hr. by alternate immersion in the above combi- 
nations of sodium chloride-hydrogen peroxide solutions at 30 C. 


The results are the average of two specimens. 


One unstressed (U) and one specimen stressed to 75 per cent yield strength (S) were exposed per dish(1800 ml. solution). 


sheet was 0.064 by 10 by 10 in. in size. 
They were heat treated and quenched in 
iced brine in sets of four in the laboratory. 
Twelve cross-grain tension specimens 
were machined from each sheet, and the 
specimens were numbered so that their 
original positions in the sheet could be 
established. From each sheet, speci- 


. 


cant by an analysis of variance based on 
95 per cent probabilities. 

In Table IV are given the average 
losses in properties by the four periods. 
For tensile strength, the variation be- 
tween periods was found to be significant 
by a similar analysis of variance. This 
variation between periods verifies the 
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| | 
EFFECT OF VARIATIONS IN SODIUM CHLORIDE CONCENTRATION 


Standards in the Alternate Immersion Test. 
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Fic. 5.—Effect of Variation in Concentration of Sodium Chloride on Rate of Attack of 17S-T 
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EFFECT OF VARIATIONS IN HYDROGEN PEROXIDE CONCENTRATION 
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CONCENTRATION OF HYOROGEN PEROXIDE, GRAMS PER LITER 


Standards in the Alternate Immersion Test. 


Fic. 6.—Effect of Variation in Concentration of Hydrogen Peroxide on Rate of Attack of 17S-T 
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EFFECT OF VARIATIONS IN HYDROGEN PEROXIDE CONCENTRATION 
60 


40 


20 


ELONGATION 


L PROPERTIES BY CORROSION 


INOMINAL 


STRENGTH 


PER CENT LOSS IN MECHANICA 


TENSILE 
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CONCENTRATION OF HYDROGEN PEROXIDE, GRAMS PER LITER 
Fic. 7.—Effect of Variation in Concentration of Hydrogen Peroxide on Rate of Attack of 17S-T 
Standards in the Alternate Immersion Test. These results were obtained independently : 
from those of Fig. 6. 


— 


TABLE VI.—EFFFCT OF VARIATIONS IN CONCEN- 
TRATION OF HYDROGEN PEROXIDE ON THE 
CORROSIVENESS OF A 1 N SODIUM CHLORIDE 


SOLUTION. 
Loss by Corrcsion, per cent 
Concentration in 

Solution, g. per liter a. Elongation 

Original 18 hr. | 24 hr 5 

s s 

=) n n 

0 0 0 3.4 4.2 12.7 11.3 
0.09 0.02 0.01 4.3 5.0 29.2 24.5 
0.43 0.11 0.05 5.4 vo2 23.1 30.2 
1.59 0.30 0.15 8.4 10.1 29.2 37.2 
2.20 0.35 0.18 ae 11.7 22.2 | 38.7 
2.34 0.40 0.18 8.5 11.9 31.6 42.0 
4.08 0.58 0.27 10.0 13.0 | 34.9 | 43.4 
5.12 0.72 0.34 13.4 11.0 | 43.4 | 45.8 
10.48 1.84 1.00 13.7 15.5 35.4 46.7 


Notes.—Tests made on tension specimens machined 
(cross-grain) from 0.064 in. thick commercial 17S-T sheet. 

Specimens were etched to produce a uniform surface 
and exposed for 24 hr. by alternate immersion in 1 N 
sodium chloride solution (at 30 C.) containing varying 
amounts of hydrogen peroxide as indicated. 

The results are the average of two specimens. 

One unstressed and one specimen stressed to 75 per 
cent yield strength were exposed per dish (1800 ml. 
solution). 


day to day differences, some of which 
were outside the limits in the control 
charts. 

The over-all coefficients of variation 
for the unstressed 17S-T standards data 
shown in the control chart were 18.8 per 
cent for tensile strength, and 16.2 per 
cent for elongation. Since these were 
not significantly higher than the respec- 
tive 18.3 per cent and 13.2 per cent for 
the special experiment in which precau- 
tions were taken to minimize differences 
in heat treating and quenching, it may be 
concluded that such differences in the 
standard material were small and are 


probably not the cause of the points 


falling out of the control limits in Fig. 4. 


Effect of Variation in Concentration of 
Solution: 


Two special series of tests were run 
to determine the effect of changes in the 


PT 


concentration of the solution. For these 
tests, tension specimens were machined 
from one sheet (0.064 in. thick) of 17S-T 
standard material. In one series, the 
sodium chloride concentrations and the 
hydrogen peroxide concentrations were 
varied independently. In the other 
series with constant sodium chloride 
concentration, the hydrogen peroxide 
‘content was varied. The average re- 
sults of tests performed on duplicate 
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Decomposition of Hydrogen Peroxide: 


During the corrosion test the sodium 
chloride in the solution is not consumed. 
However, the hydrogen peroxide is 
decomposed, probably by two mecha- 
nisms. Some of the hydrogen peroxide 
is consumed by reaction with hydrogen 
deposited on cathodic areas of the speci- 
mens as a result of the corrosion reaction. 
Also, some peroxide is probably decom- 
posed catalytically, either by the alloying 


specimens are summarized in Figs. 5, 6, 
and 7 and given in detail in Tables V 
and VI. These results indicate that 
increasing either the sodium chloride 
concentration or the hydrogen peroxide 
; concentration tends to increase the rate 
ofattack. However, increases in sodium 
chloride concentration from 0.1N to 3N 
have less effect than changing the hydro- 
gen peroxide concentration from 1 g. 
perlitertoSg.perliter. = 


RATE OF DECOMPOSITION OF HYDROGEN PEROXIDE FOR ALUMINUM ALLOYS 
< CONTAINING VARYING AMOUNTS OF COPPER 
= 3.0 
3 ORIGINAL 
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Fic, 8.—Effect of Composition of Aluminum Alloy Specimens on Rate of Decomposition of 
Hydrogen Peroxide during Alternate Immersion Testing. 


agents or by impurities in the specimens. 
This is probably particularly true in the 
case of specimens of aluminum-copper 
alloys, since copper is known to catalyze 
the decomposition of hydrogen peroxide. 

The concentrations of hydrogen perox- 
ide in the solutions at the beginning and 
at two periods during the test are shown 
in Table VI. It is evident that by the 
end of 24 hr. most of the peroxide is used 
up. This is the reason the solution is 


= 


~ 


a 
é 
@ 
: 


renewed at the end of each 24-hr. test 
period. 

Some idea of the relative magnitudes 
of the two factors influencing the decom- 
position of the peroxide may be obtained 
from Fig. 8. Here the initial peroxide 
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per cent copper was only about one third 
that in a solution used in contact with 
specimens containing 0.01 per cent 
copper. 

These alternate immersion tests are 
generally conductcd inside a closed cabi- 


TABLE VII.—EFFECT OF SUNLIGHT ON CORROSIVENESS AND STABILITY OF STANDARD SODIUM 


CHLORIDE-HYDROGEN PEROXIDE SOLUTION 4 


x Hydrogen Peroxide in Corrosive Solution, 
Loss by Corrosion, &. per liter 
ed Solution Removed 
P olution Remov 
Exposed Alloy Unused Solution from Corrosion Test 
4 = 
Tensile | Elonga- +s After After After 
Strength tion Original 24 hr. 6hr. 24 hr. 
17S-T 3 33.3 3.3 2.9 0.7 0.0023 
17S-T 7 35.7 3.3 3.0 0.7 0.0025 
24S-T 10.9 49.2 3.3 2.9 0.8 0.0028 
24S-T 5 45.2 3.3 3.0 0.8 0.0025 


° Freshly prepared solution used containing 57 g. sodium chloride and 3.3 g. hydrogen peroxide per liter. 
Dishes of specimens were exposed indoors on bench 4 {t. from large window on south end of laboratory and on a clear, 


sunny day in June. 


Average of tests made on three 0.064-in. thick (cross-grain) tension specimens that had been totally immersed for 


24 hr. in 1800 ml. of above corrosive solution. 


TABLE VIII.—EFFECT OF RATIO OF VOLUME OF 
SOLUTION TO SURFACE AREA EXPOSED ON THE 
LOSSES IN MECHANICAL PROPERTIES OF 17S-T 
ALLOY SHEET. 


net and, therefore, in practically total 
darkness. However, a few tests were 


made to investigate the effect of sunlight 
pecimens| Volume of | Solution- Loss by Corrosion, —_on the rate of decomposition of hydrogen 
Dah Solution, mi. per peroxide in the test solutions. These 
Flonga- results are summarized in Table VII. 
| - Evidently diffused sunlight is not a factor 
1800 21.1 12.5 36.4 
. ! 1600 18.8 13.0 43.4 of importance in influencing the rate of 
R 1400 16.4 12.4 38.7 d £ hvd 
j ecomposition of hydrogen peroxide in 
1400 8.2 11.7 41.1 
| 11.0 of in Volume of Solution per 
3 1600 6.3 10. 35.2 : 
1400 5.5 10.9 40.6 
Notes.—Tests made on tension specimens machined In & special series of tests the effect of 
(cross-grain) from 0.064-in. thick commercial 17S-T sheet. yarjiation in volume of solution per unit 
were etched to produce a uniform surface. 
8 Duplicate sets of specimens were exposed for 24 hr. by area of exposed surface of the specimens 
alternate immersion in a solution containing 57 g. sodium ° . = 
he chloride and 3 g. hydrogen peroxide per liter at 30 C. was investigated. The data obtained 
on are summarized in Table VIII and Fig. 
ze content and the contents after three 13. These data show that losses in 
le. periods of exposure are given for solu- mechanical properties are slightly higher 
X= tions contacting aluminum alloy speci- in cases where there is a large solution— 
nd | mens of varying copper contents. Atthe surface area ratio. However, the effect _ 
wn end of one day, the peroxide concentra-_ is not large, especially when the volume _ 
the tion remaining in the solution used for of solution is greater than about 8.2 ml. | 
ed aluminum alloy specimens containing 5 per sq. cm. of surface area. _ 
is 
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Fic. 9.—Effect of Change in Thickness on Change in Tensile Strength of 24S-T Specimens 
Quenched in Iced Brine at 0 F. and Exposed to the Alternate Immersion Test. 
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- Fic. 10.—Effect of Change in Thickness on Change in Tensile Strength of 24S-T Specimens 
Quenched in Warm Water at 160 F. and Exposed to the Alternate Immersion Test. 
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Fic. 11.—Effect of Change in Thickness on Change in Tensile Strength of 24S-T Specimens 
Quenched in Boiling Water at 212 F. and Exposed to the Alternate Immersion Test. 
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Effect of Change in Thickness of Speci- 


mens: 


The effect of change in specimen 
thickness and also in rate of quench 
from the heat-treating temperature was 
investigated. A sheet of four different 
_ thicknesses was rolled from one cast of 
24S-T. The thicknesses were 0.016, 
0.032, 0.064, and 0.128 in. All of the 
sheet was heat treated under similar 
conditions, but some of each gage was 
_ quenched in iced brine at 0 F., some in 
hot water at 160 F., and some in boiling 
waterat 212 F. From each of the twelve 
lots of material thus obtained, six ma- 
chined tension specimens and two tension 
blanks were prepared. The tension 
_ blanks were strips of metal }} in. wide 
by 9 in. long. 

Two of the machined specimens were 
used to determine the initial uncorroded 
properties of each lot, two were exposed 
to the sodium chloride-hydrogen peroxide 

alternate immersion test unstressed, and 
_ two were exposed stressed to 75 per cent 
of their yield strength.6 The unma- 
chined tension blanks were also exposed 
to the alternate immersion test for 24 hr. 
They were then machined into tension 
specimens. The mechanical properties 
of all the exposed specimens were deter- 
mined, and the changes in properties as 
a result of the exposure were calculated. 
The results are illustrated in Figs. 9, 10, 
and 11. The losses in tensile strength 
decrease approximately as the thickness 
of the specimens is increased from 0.016 
in. to 0.064 in. For change in thickness 
from 0.064 in. to 0.128 in. the loss does 
not decrease in proportion to the in- 
creased thickness. Changes in strength 
for specimens machined before expcsure 
are similar to, thcugh generally slightly 
higher than, these from specimens ma- 
§ This could be accomplished only in the case of speci 


mens 0.032 in. and 0.064 in. thick, since the fiatures are not 
designed to handle thinner or thicker specimens. 


chined after exposure. The stressed 


specimens lose more than the comparable 
unstressed specimens, especially in the 
case of material which was quenched 
slowly. As would be expected, changes 
in tensile strength are higher for speci- 
mens which have been slowly quenched 
from the heat-treating temperature than 
for those which have been quenched 
rapidly. 

In addition, similar specimens were 
exposed to the outdoor atmosphere at 
the seaccast (Point Judith, R. I.). 
Some of the results are summarized in 
Fig. 12. It will be noted that losses in 
tensile strength for specimens quenched 
rapidly in iced brine are about the same 
after exposure to the alternate immersion 
test for 24 hr. as after 6 months exposure 
on the seacoast. It should be empha- 
sized, however, that a close correlation 
of this kind was not obtained between 
losses in strength for the more slowly 
quenched specimens exposed in the two 
tests. This confirms the statement made 
earlier that the alternate immersion test 
cannot be used as an “accelerated corro- 
sion test” to evaluate miscellaneous 
materials in terms of service conditions. 


Effect of Method of Surface Preparation: 


A special series of tests was conducted 
to determine whether there was any 
difference between two methods of sur- 
face preparation used in preparing speci- 
mens for the alternate immersion test. 
Thirty-six tension specimens (six from 
each of six different sheets) from one lot 
of standard 17S-T were cleaned by vapor 
degreasing. ‘Thirty-six similar  speci- 
mens from the same sheets were cleaned 
by etching for 1 min. in a solution 
containing 50 ml. concentrated (70 per 
cent) nitric acid and 5 ml. concentrated 
(48 per cent) hydrofluoric acid per liter 
at95C. Eighteen specimens cleaned by 
each method were exposed unstressed 
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EFFECT OF VARIATIONS IN THICKNESS AND RATE OF QUENCH OF 248-T SHEET 
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Fic. 12.—Effect of Change in Thickness and In Rate of Quench on the Tensile Strength of 24S-T 
Specimens Exposed to the Alternate Immersion Test. 
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Fic. 13.—Effect of Change in Volume of Solution per Unit Surface Area of 17S-T Specimens 
Exposed in the Alternate 
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On IMMERSION TEST FOR 


wes alternate immersion test for 24 hr. 


A similar number of specimens were 
exposed stressed to 75 per cent of their 
yield strength. The results, given in 
Table IX, indicate that losses in tensile 
strength for both unstressed and stressed 
specimens cleaned by etching are higher 
and more uniform than are those for 
specimens cleaned by vapor degreasing. 

Tests of significance® indicated that 
the difference in losses for specimens 


TABLE IX.—EFFECT OF SURFACE TREATMENT. 


Average Loss in Tensile 
Strength, per cent 
Sheet Vapor Etched 
Degreased 
Un- Un- 
stressed Stressed stressed Stressed 
6.2 9.1 8.8 10.4 
7.3 8.4 9.0 11.2 
ee 6.7 10.2 10.6 11.4 
ee: 6.1 7.9 8.5 10.1 
6.7 7.3 8.0 10,1 
RSS 7.0 7.8 8.5 10.7 
6.7 8.5 8. 10.7 
Standard deviation® | 1.21 0.95 0.89 0.53 


Notes.—Machined tension specimens 0.064-in. thick 
of 17S-T standards were exposed for 24 hr. to the alternate 
immersion test. 

Average of three specimens from the same sheet. 

Stressed to 75 per cent of the yield strength. 

* Standard deviations of all 18 specimens around their 
six averages. 


cleaned by the two methods was statis- 
tically significant as was also the differ- 
ence in their standard deviations. ; 


Effect of Duration of Exposure: 


Tests were made to determine the 
effect of change in the duration to the 
alternate immersion test. Machined 
tension specimens and also unmachined 
tension blanks from one sheet of 17S-T 


_®R. A. Fisher, “Statistical Methods for Research 
Workers,”’ Sixth Edition, Oliver and Boyd, p. 230. 
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standards were exposed, both unstressed 
and stressed to 75 per cent of their yield 
strength, in the alternate immersion test 
for five periods of exposure. Duplicate 
specimens were exposed in all cases. 
The solutions were changed at the end 
of each 24 hr., in the case of exposures of 
48 hr. or over. The results are given in 
Table X. 


TABLE X.—EFFECT OF CHANGE IN THE 
DURATION OF EXPOSURE TO THE 
ALTERNATE IMMERSION TEST. 


Loss in Tensile Loss in Elongation, 
Strength, per cent per cent 
Period of 
Exposure,| 
5 > > 
n < n < 
MACHINED TENSION SPECIMENS 
ee 5 7 6.0 18 28 23.0 
eee 5 8 6.5 19 35 27.0 
8 11 9.5 30 41 35.5 
Mpeknenad 11 14 12.5 43 52 47.5 
_ PREFER 16 14 15.0 53 52 52.5 
UNMACHINED TENSION BLANKS 
Seen 4 6 5.0 17 29 23.0 
6 6 6.0 26 29 27.5 
Se 9 il 10.0 41 39 40.0 
_ a 9 14 11.5 37 48 42.5 
a 11 13 12.0 48 50 49.0 


Notes.—These results are averages from duplicate 
specimens of 17S-T, 0.064-in. thick. 

The solution was changed at the end of each 24-hr. 
period of exposure. 


These results indicate that the changes 
in tensile strength increase nearly lin- 
early as the time of exposure is increased. 
It is known that this relationship would 
not hold if the solutions had not been 
changed periodically or if the tests had 
been continued over still longer periods 
of time. 

In contrast to this, the rate of increase 
in elongation losses fell off with increasing 
duration of exposure. 
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BASIC REQUIREMENTS IN THE STANDARDIZATION OF THE SALT In 
SPRAY CORROSION TEST va 
SYNOPSIS 
or 
The salt spray has assumed unusual importance within the past few years. “ 
in the testing of materials, principally certain articles intended for use either ev 
on shipboard or at shore installations, or which must withstand storage to 
under maritime exposures. The loss of materials and supplies under these " 
conditions has been sufficiently great to warrant the incorporation of salt B 
spray test requirements into many purchase specifications. Increased use ra 
~ of the test has made it advisable to revise existing requirements so that more a. 
care can be exercised over some of the detai's of the testing procedures -~ 
involved. Closer control of the variables is necessary if comparable and tc 
reproducible results are to be obtained by various testing laboratories. ele 
_ The basic requirements for operating and controlling the salt spray test 
are discussed in the light of recent experience with the method. The effect it 
of such factors as temperature, concentration and purity of salt and type of th 
water used for the solution, importance of proper air for atomization, and co 
requirements for efficient atomization of the solution are discussed as the th 
important variables. a 
Among various laboratory corrosion known hereafter as the “salt spray (fog) Y 
tests widely used over a period of years _ test.” we 
in this country is the salt spray test. The first published description of this A 
Its use within the past few years has test, given by Capp (1)? in 1914, ap- ae 
increased greatly and interest in the test peared in the Proceedings of this Society. Py 
is now at the highest pitch since its Being interested in the service behavior 
introduction 30 yr. ago. It seems of certain metallic protective coatings - 
appropriate at this time to discuss some intended for use under seacoast condi- ps 
of the basic requirements which should tions, Capp observed their response to 
be met in a standard testing procedure. exposure in a mist formed by atomizing a a 
The name, “salt spray test,” is a saline solution. This has constituted se 
misnomer in that the specimen is ex- the basic feature of all salt spray tests. ene 
posed to a “fog” or “mist” rather than Shortly thereafter, the National Bu- ~. 
to a “spray.” However, a recent pro- eau of Standards became interested in lal 
posal to change the name of the test to the Possibilities of the test and con- — 
“salt fog test”’ met with strong objections, tng ian has been made of it since rou 
mainly because it was felt that con- am ) (3). 
siderable confusion might result from the ae American Society for Testing ings 
“ ‘ Materials has had much to do with this uae 
change. It was suggested that it be particular test, specifically with regard to tect 
’ pended to this paper, see p. 661. 
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development of testing procedure. 
Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys has been 
actively engaged for a long time in 
intensive studies of the salt spray test in 
connection with its investigations (9). 
In addition, the possible usefulness of 
various other chemicals was considered 
in the committee’s original spray test 
program. This work culminated in the 
publication in 1939 of a _ standard 
procedure covering the detail require- 
ments of operation of the test.2 How- 
ever, increased use of the test has served 
to emphasize the need for modifications 
of these requirements (10). Committees 
B-8 on Electrodeposited Metallic Coat- 
ings and D-1 on Paint have also been 
interested in the salt spray test, par- 
ticularly in its specific application to 
electroplated and painted metals.‘ 

As indicated by the title of this paper, 
it is not the author’s purpose to discuss 
the interpretation of results or their 
correlation with service conditions, nor 
the recommended uses or limitations 
of the test. ‘These have been covered 
by various investigators and an ad- 
mirable presentation along these lines 
was made at the annual meeting of the 
A.S.T.M. in 1943 by Sample (11). 


PROGRESS ‘TOWARD STANDARDIZATION 


In its early development, the salt 
spray test consisted merely of exposing 
samples within a closed box to a mist 
procuced by atomizing a sodium chloride 
solution, usually with no attempt to 
control any of the variables. Naturally, 
reproducible results were hard to obtain 
and the test fell into disrepute in some 
laboratories. 


3 Tentative Method of Salt Spray Testinz of Non-Fer- 
rous Metals (B 117-41 T), 1942 Book of A.S.T.M. Stand- 
ards, Part I, p. 1469. 
. ‘Tentative Specifications for Electrodeposited Coat- 
ings of Nickel and Chromium on Steel (A 166-41 T). 1942 
k of A.S.T.M. Standards, Part I, p. 1454. Emergency 
Method for Conducting Salt Spray Tests on Organic Pro- 
tective Coatings (ES - 3),1942 Book of A.S.T.M. Standards, 
Part II, p. 1020. 


The coming of the present war 
necessitated the sending of immense 
quantities of metallic materials overseas 
and also using various metals under new 
conditions, on shipboard, at shore instal- 
lations, and in storage under marine 
exposures where the corrosion hazard, 
principally from salt water or air, is of 
controlling importance. Huge volumes 
of materials are unloaded in water, and 
gathered in and stored on beaches under 
the most severely corrosive conditions. 
Experimental work was immediately 
undertaken with the objective of ade- 
quately protecting these vital materials 
from the corrosion thus encountered. 
Among the suggested corrosion tests to 
serve as guides and checks in the 
development work, the salt spray ap- 
peared especially worthy of merit. 

Over a year ago, the Military Planning 
Division of the Office of the Quarter- 
master General in cooperation with the 
National Bureau of Standards began 
experimenting with the salt spray test 
on the quality and uniformity of pro- 
tective coatings on metals for the purpose 
of developing specifications for testing 
such coatings. After a great deal of 
preliminary work it was concluded (12) 
that “extremely divergent results were 
obtained if a definite testing procedure 
was not observed by different operators,” 
but that “when all variables are con- 
trolled, a laboratory test of considerable 
value for certain purposes is available.” 

When the results of this work were 
made known to other government agen- 
cies and to committees of the Society, a 
desire was expressed for a more rigid © 
control of the test. Revision of existing 
requirerrents was discussed early this 
year by subcommittees of both Com- 
mittees B-3 and D-1 at the 1944 A\S. 
T.M. Spring Meeting (Cincinnati) and — 
subsequently at two meetings held in 
Washington. At the latter meetings, 
a special informal committee composed 
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of representatives of various government 
agencies, technical societies, and others 
interested in standardization of the salt 
spray test formulated a master proposal 
describing a standard method of con- 
ducting the test which could be adopted 
as the basis of a specification by any 
organization. Its aim was the stand- 
ardization of those factors which hitherto 
have prevented either consistent or 
reproducible results. This proposal is 
now in a form suitable for consideration 
by those organizations concerned but is 
not yet available for general distribution. 
The task of issuing specifications or 
standards thus lies within the jurisdic- 
tion of the respective government depart- 
ments or technical societies concerned. 

There is an evident desire among 
various government agencies to eliminate 
the different departmental specifications 
for salt spray testing and to substitute a 
It is like- 
wise desirable that future existing speci- 
fications issued by this Society or related 
organizations be consistent with the 
proposed new standard. 


Basic FACTORS OF THE TEST 


It is surprising that with a test which 
has been in use as long as has the salt 
spray the effects of the various factors 
have not been more seriously con- 
sidered. Anyone who has had experi- 
ence with the test will concede that 
considerable difficulty is involved in 
securing adequate data on the basic 
factors. Specific information obtained 
for a given set of conditions or materials 
may not always be applicable in testing 
other materials or under different con- 
ditions. Because the test as used today 
is usually arbitrary, for some specific 
application, we are justified (11) in 
specifying standard methods of control 
and operation so that the results obtained 
in various laboratories will be com- 
parable and reproducible. The operat- 
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ing conditions might be varied to meet 
some particular service condition (11) if 
necessary to achieve the desired end. 
However, where it is used as a control 
check on specification requirements, its 
widespread use demands rigid stand- 
ardization of the testing procedures. 


Temperature: 


Since the rate of most chemical 
reactions in aqueous solutions increases 
with increase in temperature, the im- 
portance of standardization and control 
of this factor has long been recognized. 
In 1924, Rawdon (9) suggested the use of 
30 + 1 C. and again in 1928 (6) warned 
against the use of the test for tempera- 
tures varying over a wide range. Since 
1930 the National Bureau of Standards 
has conducted this test in a constant 
temperature room. Buzzard (8), in co- 
operative work with the Aluminum 
Company of America (14) and Naval 
Aircraft Factory showed that variations 
in temperature of the salt spray had a 
marked effect on the loss in physical 
properties of sheet duralumin and sug- 
gested that a standard temperature of 
35 + 2 C. could be maintained through- 
out the country without cooling equip- 
ment in the sunimer and with only 
simple heating equipment in winter. 
Heussner (13) found less effect of tem- 
perature upon the corrosion of electro- 
plated steel panels in a salt spray test 
with 20 per cent NaCl solution than with 
3} per cent sea water. Many labora- 
tories in this country are set up to 
conduct the test at a temperature of 
95 F. (35 C.) and it therefore appears 
advisable to continue its use. A tem- 
perature of 95+ 2 or —3F. (35 + lor 
—14 C.) was suggested for inclusion in 
new specifications as a result of the 
deliberations of the special committee. 

In spite of repeated emphasis of the 
importance of close temperature con- 
trol, and its inclusion in specifications, 
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returns from a recent questionnaire (10) 
on the operation of the salt spray test 
revealed that only about 50 per cent of 
the laboratories canvassed were using a 
‘controlled temperature” of 95 F., while 
the others were using “room tempera- 
tures,” which may vary over a con- 
siderable range. 

Various methods are employed to 
maintain a constant temperature within 
the box. Some laboratories keep the 
boxes and equipment in a constant- 
temperature room, others use heaters 
located in either the walls of the box or 
the solution reservoir, some use a 
temperature-controlled water jacket 
around the box, and some a combination 
of these methods. A method based on 
warming the incoming air delivered to 
the spray nozzles and operating in a 
room maintained at a constant tempera- 
ture has distinct advantage over the 
other methods. In any case, the partic- 
ular control adopted should maintain a 
specified constant temperature in that 
portion of the box where samples are 
exposed. 

Much confusion exists with regard to 
temperature variations within a test box 
when it is in operation. The tempera- 
ture of the incoming air delivered to the 
nozzles is important since if it is much 
below 35 C., the large volume of air 
required for atomization of the solution 
may cause decided cooling effects. This 
results from two causes, the Joule- 
Thomson effect and the evaporation of 
solution. If a low pressure nozzle (10 to 
15 lb.) is employed, the drop in tempera- 
ture produced by expansion of the air as 
it leaves the nozzle orifice to approxi- 
mately atmospheric pressure (Joule- 
Thomson effect) will amount to only a 
small fraction of a degree. 

Greater cooling occurs if the air is not 
saturated with water vapor equivalent 
to that concentration necessary for 
equilibrium in the mist. A relative 
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humidity of 84 per cent is produced by a 
20 per cent solution of sodium chloride 
at 35 C. If the incoming air has a 
humidity of less than 84 per cent, 
equilibrium is quickly reached by evap- 
oration of the salt solution at the 
nozzle and in the fog. This evaporation 
is accompanied by a relatively great 
cooling effect within the box. Un- 
doubtedly some of the large temperature 
drops measured in certain boxes in the 
past were produced by these cooling 
effects. 

Temperature measurements are low 
and give misleading results if any 
evaporation takes place from a bulb of 
the thermometer or thermocouple used. 
This “‘wet bulb” effect is appreciable and 
may occur when measurements are 
made with the box open, even in a 
constant-temperature room, or when the 
air in the box is not saturated with 
water vapor. Also, temperature meas- 
urements made in that portion of the 
box in which the fog is being produced 
may be misleading because of the thermal 
transfers accompanying atomization of 
the solution. The temperature within 
the space in the box where samples are 
exposed is important and should be 
controlled. 


Salt Solution: 


The salt spray test was originated as 
an “exaggeration of what may be 
expected at the seashore, and differs only 


in degree, not in kind, from the normal — 


conditions under which the article is to 
be used” (1). For this reason, with but 
few exceptions, sodium chloride solu- 
tions have been principally used. Fora 
number of years, some laboratories used 
actual sea water while others com- 
pounded “‘synthetic sea waters.” How- 


ever, in recent years this practice has — 


ceased except for special cases. Sodium 
chloride of either high purity or com- 
mercial grade is now used. Very little 
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information is available as to the 
relative effects of sea water and sodium 
chloride solutions, although the former 
is generally assumed to be the more 
severe since it contains impurities that 
may be more corrosive than sodium 
chloride. Heussner (13) reported that, 
in salt spray tests of electroplated steel, 
the ocean spray was more severe than 
20 per cent NaC] in a test conducted at 
95 F., but that at 72 F. they were nearly 
equal. 

The concentration of the solution 
used for the salt spray test has varied 
widely. Capp initially used a saturated 
solution but changed to a 3 per cent 
solution to eliminate the tendency for 
salt to clog the nozzles (the NaCl con- 
centration of sea water is approximately 
3 to 4 per cent). Finn (2), in 1918, 
recommended the use of a 20 per cent 
concentration. During the 1920’s, the 
use of a 4 per cent solution was wide- 
spread, especially by the Navy in its 
testing work. However, dating from 
1932, the tendency has been to use 20 
per cent solutions in most tests. A 
larger background of experience has 
been built upon its use than on solutions 
of other concentrations. 

General experience has indicated no 
marked difference in the corrosive attack 
between the 20 per cent solution and 

those of lower concentrations. Data are 
available indicating (13) that the 20 per 
cent solution is affected less by tempera- 
ture changes than are solutions of lower 
concentrations because its oxygen solubil- 
ities are less subject to change. One 
reason given for using solutions of low 
concentration, such as 5 per cent, is to 
reduce the amount of salt required. 
However, recent experiments at this 
Bureau indicate that a larger volume 
of the more dilute solution is aspirated 
and would consequently require nearly 
as much salt as if the more concentrated 

(20 per cent) solution were used. 
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A frequent objection to the use of the 
20 per cent sodium chloride solution is 
the tendency of solid salt to deposit 
either on the specimens or around the 
spray nozzle and thus interfere with the 
test. This behavior was pointed out 
in 1938 by Mutchler, Buzzard, and 
Strausser (8), who attributed it to 
improper functioning of the apparatus 
through the use of air containing an 
insufficient amount of water vapor. 
Experience and data secured with the 
use of ‘“fog-collection devices” have 
confirmed this explanation. No such 
difficulty has been experienced in the 
author’s laboratory over a period of 
nearly 10 yr., even with numerous 
nozzles operating in several boxes. Its 
occurrence is now regarded as evidence 
that immediate adjustment of the 
apparatus is needed. The use of fog- 
collection devices (see below) along with 
the samples in a spray box will eliminate 
this difficulty as they are a sensitive 
indicator of changes due to either 
evaporation or condensation of water 
vapor. 

Agreement has been lacking as to the 
purity of both the sodium chloride and 
water used in making up the solution to 
be atomized. The general use of c. p. 
salt, containing 99.98 per cent NaCl, 
would be preferable, but its use would 
entail an expense item of considerable 
magnitude if much testing work were 
carried out. In many laboratories high- 
purity, commercial grades of salt, con- 
taining at least 99.8 per cent NaCl are 
now used and there has been no evidence 
thus far to indicate marked differences in 
corrosive effects from its use. Distilled 
water is widely used in preparing the 
salt solutions, but its use may be im- 
practicable if large quantities of solution 
must be made up each day. Since great 
differences may exist in the composition 
of natural or treated waters, the general 
use of these in preparing the salt solution 
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might introduce another variable in the 
test. However, if the water does not 
contain a large amount of dissolved 
solids, it can be use without introducing 
serious complications. Hitherto, most 
specifications have called for a pH range 
of 6 to 7 for the salt soiution. It is 
believed that the corrosion of most 
materials in this test will be only little 
affected if the solution is maintained 
within a narrow pH range at the neutral 
point. 

The special committee has proposed 
(a) the use of sodium chloride containing, 
on the dry basis, not more than 0.1 per 
cent sodium iodide or more than 0.2 per 
cent of total impurities, (b) the use of 
distilled water or other water containing 
not more than 200 ppm. of total solids, 
and (c) that the pH range of the salt 
solution be maintained between 6.5 and 
7.2 and that adjustments be made by 
additions of small volumes of dilute 
c. p. hydrochloric acid or c. p. sodium 
hydroxide. 


4, = 
Atomization: 


In practically all salt spray test 
apparatus the mist is produced by an 
atomizer or nozzle. Compressed air, 
saturated with water vapor, is allowed 
to expand through a small orifice and the 
suction thus created draws the salt 
solution into the air stream in the form 
of very fine particles. The solution is 
then said to be atomized. The mist or 
fog carried by the air stream consists of 
droplets of salt solution of various sizes. 
Impingement of this mist on a flat 
surface or baffle tends to remove most of 
the larger-sized particles. If the air 
currents accompanying atomization are 
particularly violent or decidedly direc- 
tional, a more severe corrosive action on 
specimens in some parts of the chamber 
than in others may result. The nozzle 
operating pressure should be held to the 
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minimum compatible with the efficient 
production of the mist. 

The importance of proper air for 
atomizing the salt solution has only 
recently been appreciated. It has long 
been recognized that the air should be 
free of impurities such as oil, dirt, and 
objectionable gases. A _ relative hu- 
midity of at least 90 per cent has been 
generally recommended. The effect of 
the water vapor contained in the incom- 
ing air upon the temperature has been 
discussed previously. However, a far 
more important effect of humidity is the 
character of the mist that settles upon 
the samples. This has been demon- 
strated recently by a number of in- 
vestigators as a result of work with the 


“fog-collection devices” suggested by — 


Darsey (15). 

The humidity of the air in the box 
will be in equilibrium with the mist of | 
salt solution shortly after atomization, 


in fact spraying is one of our most _ 
efficient methods of saturating air with 


moisture. When saturated to a point 
of equilibrium with the salt solution, 
however, the air in the box will contain 
only 84 per cent of the moisture neces- 


water. The requisite amount of water 
vapor can come from only two sources. 
It is either already contained in the 
incoming air, or it is gained by evapora- 
tion of water from the salt solution. 
Even though the compressed air is 
saturated at 35 C. before passing through | 
the nozzle, it will not be saturated after 
expanding to the atmospheric, or _ 
proximately atmospheric, pressure used in 
most boxes. Air saturated at 15 psi. 
above atmospheric pressure will have a 
relative humidity of only 50 per cent 
when expanded. 
water necessary to saturate the air 
within the box must be supplied by 


sure that is employed for atomization, 


sary to establish equilibrium with pure _ 


Consequently the 


evaporation. The higher the air pres- i. 
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the greater will be this evaporation 
effect. Both the liquid settling out of 
the mist, and the salt solution in the 
reservoir will then become more con- 
centrated. If the necessary amount of 
water vapor is not added to the air 
during atomization, evaporation of water 
from the particles of mist may be 
sufficient to cause precipitation of salt 
crystals upon the samples and thus 
alter the corrosive attack. It has also 
been reported that excessive evaporation 
of water from the fog particles may 
result in the formation of a “dry fog,” 
which does not readily wet the specimens. 

Too much water in the air may be just 
as deleterious as too little. The air 
that is passing through the water- 
saturating tower may travel at a 
sufficient velocity to carry away with it 
appreciable amounts of entrapped mois- 
ture. If this water, together with that 
present as water vapor, is in excess of 
that necessary to obtain equilibrium 
within the box, dilution will occur, both 
of the salt solution in the reservoir and 
of the mist. Proper traps should there- 
fore be placed in the air line immediately 
before the nozzle to remove any me- 
chanically held water. The same effect 
may also result from condensation of 
water in the air lines leading to the box, 
particularly if the air has been heated 
appreciably above the room temperature. 

A vent is necessary to permit excess 
fog to escape from the box and also to 
prevent an increase of pressure within 
the box. Such venting has been done 
more or less indiscriminately, depending 
largely upon convenience for the partic- 
ular apparatus employed. However, it 
deserves more serious consideration since 
both the uniformity and density of the 
fog within the box may be adversely 
affected by improper venting. 

It has long been recognized that fog 
density is an important factor and 
should be controlled rigidly if repro- 
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ducible test results are to be secured. 
It is believed that with some classes of 
materials being tested the results will be 
consistent even though the density of the 
fog may vary over wide limits, while for 
other materials such variations may 
produce widely different results. Quan- 
titative information along these lines is 
almost completely lacking. The test 
for measurement of fog density described 
in A.S.T.M. Tentative Method of Salt 
Spray Testing of Non-Ferrous Metals 
(B 117 -— 41 T)* was based on the work 
of Tour. However, this test proved 
unsatisfactory, especially in those boxes 
in which the general movement of the 
fog was in a downward direction. 
Darsey’s (15) modification of this test 
appears more promising and has been 
recommended for inclusion in new or 
revised specifications. It consists, es- 
sentially, in measuring the rate at which 
the liquid particles settle out of the mist 
by collecting the condensate in a con- 
tainer of prescribed horizontal cross- 
sectional area for a definite period. The 
volume of the condensate collected in 
unit time is a measure of the amount 
which would settle out on the samples 
under similar conditions of exposure. 
Standardization of the density of the 
fog by closely controlling such factors 
as nozzle size, air pressure, baffles, the 
shape and size of boxes, or methods of 
venting, is impracticable in a “working” 
standard. 


OTHER CONSIDERATIONS 


If the basic requirements of operation 
discussed above are strictly adhered to, 
the samples will be exposed at a constant 
temperature to a uniformly distributed 
dense fog of constant known composi- 
tion. Its action is the result of settling 
by gravity and not of condensation of a 
gas into a liquid, as is sometimes 
assumed, since it is carried out at con- 
stant temperature. After a relatively 


| 
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short time the surface of the samples, 
_ if previously cleaned, should be uni- 
_ formly covered with a fairly thin liquid 

film. To date there are no definite 
data to indicate that the settling of 


larger amounts of liquid upon the 
samples will give different results. 

The preparation, positioning, and 
inspection of samples, while perhaps 


not basic requirements of the test, are 


important, and should be included in 
both the basic and the detailed specifica- 
tions. Lack of consideration of these 
matters may result in erroneous and 
nonreproducible results even when all 
other factors are under exact control. 

It is difficult to standardize upon the 
position of samples within a_ box. 
Because mist does not readily settle on a 
vertical surface, all flat samples should 
be placed at a slight angle from the 
vertical, preferably 15 deg. It is ex- 
tremely difficult to realize this angle 
when irregular shaped objects are tested 
since their dominant or significant sur- 
faces may lie in more than one plane. 
In such cases some system of rotation 
of the samples during test may be 
desirable, but this represents a specific 
problem and should be covered in 
detailed specifications. Inspection of 
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the samples during a test should be 
made at short enough intervals to chart 
accurately the progress of corrosion. 
Procedures for handling and inspection 
of samples at the completion of a test, 
and the evaluation of results will 
probably vary with the different classes 
of materials tested and hence properly 
belong in the detailed specification. 
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SUMMARY 


Increased use of the salt spray test has 
made it advisable to revise existing or 
conflicting specifications so that one 
standard method of conducting the test 
may be used. More attention must be 
exercised over some of the details of the 
testing procedures involved and greater 
control of some of the “variables” of 
the test is necessary if reproducible 
results are to be obtained by various 
testing laboratories. These require- 
ments are discussed in the light of recent 
experiences with the test. The effects 
of some of the more important variables 
are discussed. 
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Mr. SAM Tour'—Since the salt spray 
test has been something which Commit- 
tee B-3 has had under consideration 
during the years I have been its chair- 
man, I feel compelled to discuss this 
paper. 

_ The present revision of Methods B 
117 on salt spray testing presented at 
annual meeting’ incorporates in it 
practically all of the changes which would 
z inferred as recommended by the 
paper that has just been presented. 

_ Personally, it is with crossed fingers 
that I see some of the things that have 
“been incorporated in this specification. 
Hindsight is always better than fore- 
‘sight. It may be that we have gone a 
bit too far in setting up some new re- 
quirements in salt spray testing in the 
way of prescribing the fog density 
method according to Mr. Darsey.* 

As Mr. Waldron pointed out, some 
years ago I proposed a fog calibrating 
method for salt spray testing. It worked 
on one type of apparatus but I found 
that it did not work on another type. 
It so happens that the other type on 
which it did not work is the more popu- 
lar type of today. 

Mr. Darsey’s modifications of that 
fog trap method is a modification par- 
ticularly suitable to the most popular 
type of salt spray equipment of today. 
I am afraid that it will throw out of use 
the older types of salt spray equipment. 
Time and experience will tell. 

I should like to comment on one other 

1 President, Sam Tour & Co., Inc., New York, N. Y. 

21944 Book of A.S.T.M. Standards, Part I, p. 1843. 


M. Darsev, ‘“‘The Salt Spray Test, * 
Butterin, No. 128, May, 1944, p. 31. 


DISCUSSION 


thing about the new salt spray test 
specification and the paper by Mr. 
Waldron. 

About five years ago I began calling 
attention, strongly, to the question of 
temperature within the box of the salt 
spray and the cooling effect at the nozzle 
in creating the spray. I had built, I 
think, one of the first if not the first hot- 
water tower saturation attachments for 
salt spray in order to saturate the com- 
pressed air at an clevated temperature 
and avoid that cooling effect at the 
nozzle. 

That modification of salt spray equip- 
ment is incorporated in the present 
specifications and it is now a simple 
matter to install equipment to control 
the temperature at the nozzle. 

Mr. A. H. Reynotps.4—FI should like 
to ask Mr. Waldron whether the ques- 
tion of the heating of the box internally 
or externally has been taken up. 

As I understand it, the Bureau of 
Standards has done some work in con- 
junction with the paint manufacturers 
on the salt spray cabinet and I think it 
was the recommendation, at least in 
the bulletin presented by the paint 
manufacturers, that the cabinet would 
have to be heated externally, and that 
heating the cabinet internally was the 
principal cause of disagreement in results. 

Mr. Leo J. Watpron® (author’s 
closure, by letler)—The comments of 
both of the discussors are appreciated. 
Mr. Tour is fully justified in pointing out 


‘Directing Chemist, Chemical Co., 
Chicago, Il. 


& Metallu rgist, National Bureau of Standards, Wash- 
ington, D. C 
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uncertainties concerning some of the 
features now being incorporated in 
various specifications covering this test, 
particularly “fog-collection” methods. 
These requirements were proposed after 
considerable deliberation on the part of 
those present at the two meetings last 
spring in Washington. Limited experi- 
mental data at that time precluded a 
definite answer as to the ultimate utility 
of the method and the exact limits which 
should be specified. All agreed, how- 
ever, that it was a step in the right direc- 
tion and worthy of consideration. Time 
and experience may indicate some 
changes in the details to be desirable. 
Several months’ experience at the Na- 
tional Bureau of Standards with the 
method as a daily requirement would 
indicate that the manipulation is simple 
and the result gives a measure of the 
effectiveness of operation of any specific 
box. Further, it has been noted, that 
with a few specific materials thus far in- 


vestigated, a minimum settling rate is 
necessary, apparently, if consistent and 
reproducible corrosion results are to be 
obtained in salt spray tests. 

The work to which Mr. Reynolds re- 
ferred was carried out by the Office of 
the Quartermaster General and the 
suggestion was made as a result of their 
investigation that the temperature used 
in this test be controlled by external 
rather than internal means. They at- 
tributed wide variations in corrosion 
behavior to relatively large temperature 
gradients existing within a box when an 
internal heating method was employed. 
The revised edition of A.S.T.M. Tenta- 
tive Method B 117, covering the salt 
spray test, specifies the temperature re- 
quirements to be met but leaves it op- 
tional with the individual operator as to 
exact means for its accomplishment. 
Any means which permits temperature 
variations within the limits as specified 
could be properly employed. 
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OF THIN ALUMINUM ALLOY SHEETS FOR AIRCRAFT 
CONSTRUCTION* 


By Grorces WELTER! 


SYNOPSIS 


This paper presents test results on the stress characteristics for micro- 
elastic and micro-plastic deformations as well as the modulus of elasticity 


of thin aluminum alloy sheets in tension and compression. 


The sheets were 


analyzed for seven different angles to the direction of rolling and cold streching 
as well as over the whole width. The investigation, which consisted in sub- 


mitting the specimens to tension stresses, succeeded by compression, showed 
results which are of interest to the designer and constructor of modern 
A new gripping device for tension tests and a spe- 
cial device for compression tests on single thin specimens have been de- 


monocoque structures. 


veloped. 


This paper covers part of an investiga- 
tion? conducted at the Ecole Polytech- 
nique, Montreal, concluded November 
1942, to obtain some basic informa- 
tion concerning the mechanical behavior 
of thin aluminum alloy sheets under axial 
thrust. It is well known that a determi- 
nation of the stress-strain functions 
under compressive loads is urgently 
needed for thin sheets used in aircraft 
constructions because their mechanical 
properties, especially their micro-defor- 
mations under compressive loads, differ 
appreciably from those under tensile 
loads. In view of the importance of the 
anisotropy (direction of rolling) of the 
sheets and their elastic stability in con- 
nection with economic use of the materia] 


* The author anpreciates the assistance of J. Hurtubise 
and R. Frigon and other members of the staff of the re- 
search laboratory, in the execution of this work. 

! Professor of Applied Mechanics, Ecole Polytechnique, 
University of Montreal. Montreal, Canada. 

? The other part will be published under the title of 
“Curved Aluminum Alloy Sheets in Compression,” in the 
Journal of the Aeronautical Sciences, 1944. 


in aircraft, special consideration was 
given to the elastic characteristics, such 
as Young’s modulus of elasticity, as well 
as the micro-elastic and micro-plastic 
properties of this material. Besides these 
values, the usual properties of yield 
strength, ultimate strength, and elonga- 
tion were measured. 

Three sheets (designated D, A, and 
B), commercial products of the Alumi- 
num Company of Canada, were tested as 
follows: 

1. At seven different angles to the 
direction of rolling and cold stretching; 

2. Over the whole width of the sheets; 
and 

3. Over a distance from about 8 to 25 
in. in the direction of rolling. 

In making these tests for the determi- 
nation of the values of the main direc- 
tional properties, at least two and up to 
ten identical tests were conducted. 

Besides tension tests, generally used in 
this kind of investigation, a more delicate 


MICRO-DEFORMATION UNDER TENSION YMPRESSION LOADS 
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study of the behavior of these thin sheets 
under compressive loads was undertaken. 
Such compressive tests seemed necessary 
for a complete understanding of the 
mechanical properties of the material in 
connection with its practical application 
in stressed skin constructions. Also an 


investigation of successive stresses, as 
tension succeeded by compression and 
vice-versa, showed interesting effects 
(Bauschinger-effect), which cannot be 
ignored in the design and construction of 
modern monocoque structures operating 
under similar conditions. 

Accordingly the following tests were 
made on thin aluminum alloy sheets 
17S-T (thickness 0.032 in.): 

1. Anisotropy and directional char- 
acteristics under tension and compres- 
sion, measuring Young’s modulus of 
elasticity, the elastic limit with 0.001 
per cent micro-deformation, the stresses 
at 0.01 and 0.1 per cent permanent set, 


Fic. 1.—Layout of Results of Tests inTersion and Compression on Ditlerent Sheets. 


the yield strength (0.2 per cent set), and 
the tensile strength and elongation paral- 
lel, transverse, and at 15, 30, 45, 60, and 
75 deg. to the direction of rolling (Fig. 1). 

2. Bauschinger-effect and micro-plas- 
tic deformation in tension and compres- 
sion, observed in single test specimens. 


Fic, 2.—Templin Recorder Adjusted on the Alu- 
minum Alloy Specimen in Tension. 
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Description of Apparatus and Material 
Tested: 


Preliminary tests were conducted in 
order to find out the best technique for 
preparing and adjusting the test speci- 
mens. These tests were made on a 
60,000-lb. capacity Baldwin-Southward- 
‘Tate-Emery Universal testing machine, 
having a guaranteed accuracy of less than 


18.56% 


| 
0.082 


$ per cent of the load. The loading 
range used for most of these tests was of 
about 2400 Ib. capacity with 2-lb. dial 
divisions. For the investigation of the 
elastic directional properties and the 
micro-plastic and other mechanical prop- 
erties, the Templin extensometer (Fig. 
2) and stress-strain recorder were used. 
The sensitivity of this recorder is of the 
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order of about 0.00001 in. per inch for a 
2-in. gage length. Numerous stress- 
strain diagrams, similar to Fig. 3, were 
recorded in several series. 

The normal method of suspending the 
test specimens by means of flat grips was 
replaced, as will be seen in Figs. 4 and 5, 
by suspending the specimens by means 
of special grips which applied the stress 


Fic. 3.—Stress-Strain Record in Tension; Elastic and Micro-Plastic Deformations at 0 to 45 deg. 
to the Direction of Rolling. 


through 10-mm. balls in order to secure 
ideal axial loading through the longitudi- 
nal axis of the very thin flat specimen. 
Numerous comparative tests clearly 
demonstrated the superiority of the new 
grips over the usual technique, so far as 
reliability of results of micro-deformation 
in tension is concerned. 

On the other hand, for compression 
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Fic. 4.—Thin Test Specimen with kxtensometer. 


Fic. 5.—Upper Test Grip with Universal 
jJuint on Stee: Ball. 


Fic. 6.—Devices for Compression Test of Single Thi 
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Fic. 7.—Templin Extensometer Adjusted on Specimen Under 
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tests, used in investigating the Bausch- 
inger-effect, completely new testing 
devices were designed and manufactured 
in order to prevent premature buckling 
of the test specimens. In two devices, 
shown in Fig. 6 A and B, the compressive 
load was applied by means of small 
platens (E-E’ and F-F’) fixed to test 
specimens of } in. in width (3-in. width 


these devices, designed to use either the 
Huggenberger or Templin extensometers, 
is given in Fig. 7, while some original 
compression diagrams, recorded with 
this latter device, are shown in Fig. 8. 
By this means, the stress-strain diagrams 
could be recorded for the compression of 
thin sheets up to the buckling load of the 
test specimen. 


® 
Ultimate Load” 


yo 


Load, psi. 


Deformation, in. 


_ Fic. 9.—Copies of Original Micro-Deformations and Stress-Strain Diagrams of Specimens 0 to 45 
deg. to Direction of Rolling. 


ends) by means of Wood’s metal, and 
in the third device, C, by means of 
divided steel platens, (G-G’) fixed me- 
chanically on the test specimens of }-in. 
width (2-in. width ends). A steel sheath, 
D of Fig. 6, was fixed on device C after 
the extensometer had been removed, to 
_ aid in supporting the divided device in 

resisting buckling. A general view of 


For the main tests, the aluminum 
alloy 17S-T (duralumin) of the nominal 
composition 4 per cent copper, 0.5 per 
cent manganese, 0.5 per cent magnesium, 
balance aluminum, heat-treated and 
cold-stretched, was used. Thisalloy was 
supplied by the Aluminum Company of 
Canada in 1942, in sheets of two different 
dimensions: two sheets 0.032 in. thick, 
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86 in. long, and 36 in. wide, and four 
sheets 0.032 in. thick, 72 in. long, and 
24 in. wide. The two larger sheets were 
anodized to prevent corrosion, having a 
darker color than the unprotected smaller 
sheets. All sheets were delivered com- 
mercially flat, but not completely free 
from small injurious surface defects. 


psi. 


Load, 


alien 
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this saw, were brought to the final shape 
in bundles of 10 to 15 pieces, by hand 4 
filing or by milling on an automatic mill- 

ing machine. The dimensions of these 
test specimens were made to conform | 
closely to the standard test specimen | 
for sheet metals, according to A.S.T.M. 
Tentative Specification for Aluminum- 


0.002 0.004 


0.006 
Deformation , in. 


0.006 0.010 


Fic. 10.—Micro-Deformation in Tension and Compression Obtained with Huggenberger 
Extensometer. 


The test specimens were cut from these 
sheets by means of an automatic jigsaw, 
care being taken to produce no local 
deformation or cold working effect due 
to the machining process. The edges of 
the larger plates, after they have been 
cut out of the sheets, were, if necessary, 
smoothed by filing. On the other hand, 
the smaller test specimens for tension 
and compression tests, after they had 


been cut out of the sheets by means of 


Alloy (Duralumin) Sheet and Plate 
(Aluminum - Copper - Magnesium - Man- 
ganese) (B78~-42T).® Most of 
specimens for tension and compres- 
sion had a reduced section of about 
23 in. long and 3 in. wide. 

The tension tests have been executed 
in accordance with the methods recom- 
mended by the A.S.T.M. 


2 1942 Book of A.S.T.M. Standards, Part I, p. 1143. 1 
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RESULTS OF TESTS 


The results of these tests are presented 
graphically, in so far as possible, which 
in most cases are self-explanatory. 


Anisotropy and Directional Properties in 
Tension and Compression: 


From each test specimen a micro- and 
a macro-load-deformation diagram was 
recorded during the test and from these 
diagrams Young’s modulus of elasticity, 
the stresses at 0.01 and 0.1 per cent 
permanent deformation, and the yield 
strength (0.2 per cent set) were calcu- 
lated as illustrated by Fig. 9, which also 
shows on copies of the original records 
the method of determining the mechani- 
cal characteristics. In the same way, 
the stresses under compressive loads 
were calculated. The elastic limit and 
micro-deformations were controlled by 
means of the Huggenberger extensome- 
ter, capable of indicating a minimum 
deformation of 0.001 per cent. Two of 
these instruments were fixed on the test 
specimen, prevented from buckling by 
means of a steel sheath. For sheet A at 
0.001 per cent deformation the stress 
was 26,850 psi. and for 0.01 per cent 
about 29,800 psi. These results corre- 
spond fairly well with the same values 
Fig 10 by the Templin extensometer. 


Fig. 10 shows some values for micro- 
deformation measured on specimens at 
30 and 45 deg., as well as on specimens at 
0 deg. in tension and compression, by 
_ means of Huggenberger extensometers. 


| In Fig. 11 are presented comparative 


results of these tension and compression 
tests for the three sheets, showing the 
effect of the angle of the test specimens 
with the direction of rolling. Based on 
these diagrams, it can be stated that all 
mechanical properties of rolled aluminum 
alloy sheets depend more or less on the 
angle between the specimen and the 
direction of rolling. This directionality 


is limited for the ultimate strength to 
between about 63,000 and 61,000 psi., 
showing a maximum in the direction of 


rolling. In all cases, at least 4 to 5 per. 
cent reduction in strength was noted 


between 30 and 60 deg. as shown in 
Fig. 11. 

There was no consistent relation 
between the elongation and the position 
of a test specimen in the sheet. Elonga- 
tions between 18 and 20 per cent for the 
sheets D and A and between 20 and 21 
per cent for sheet B have been measured. 

On the other hand the yield strength 
(0.2 per cent set) as well as the stress at 
0.1 per cent deformation are highly 
dependent on the angle of the test 
specimen with the direction of rolling. 
A greater influence was found in all 
cases for the 0.1 per cent limit. For 
sheet B for instance there was up to 
about 20 per cent lower resistance for 
75 and 90 deg., as compared to that in 
the direction of rolling. The difference 
in yield strength was about 15 per cent. 

The stresses at 0.01 per cent deforma- 
tion vary even more markedly, reaching 
their minimum value at an angle of more 
than 45 deg. with the direction of rolling. 
As may be seen from Fig. 11, values at 
60 deg. were 20 per cent less in the case of 
sheets D and A and even up to 35 per 
cent less in the case of the sheet B. 

The percentage differences in the 
micro-plastic characteristics with a per- 
manent set of 0.01, 0.1 and 0.2 per cent 
are represented graphically in Fig. 12. 
These changes are appreciable; for ex- 
ample, in the tension test, beginning with 
an angle of 40 deg., for a permanent set 
of 0.01 per cent there is a variation of 
over 20 per cent. The maximum differ- 
ence in tension (about 35 per cent) was 
found in the case of sheet B in the Cirec- 
tion of about 70 deg. In tension and 
compression there was up to 32 per cent 
difference ketween the values taken in 
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the direction of rolling and at right angles 
thereto. 

The stresses responsible for very small 
deformations seem to playa predominant 
role in the resistance of thin sheets in 
form of panels to compressive loads; the 
buckling phenomenon of these sheets in 
stressed skin constructions in airplanes 
is highly dependent upon this character- 
istic. ‘The buckling effect can usually 
be observed at compressive stresses far 
below the yield stress in tension or even 
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more important to know which tensile or 
compressive stresses correspond to the 
permanent deformation of 0.1 per cent, 
(0.01 per cent, and even at 0.001 per cent. 
It was to secure some information about 
these stresses that the present tests 
were made. 

As a matter of interest, some compara- 
tive results on relation of direction of 
rolling recently published by the Army- 
Navy Civil Committee (ANC-5, Dec. 
1942) are shown in Table I. 


TABLE I. 
| RESULTS 
fone Ecole Army Navy Civ. Committee ANC-5 
Direc- 
Property tion of Angle Angle 
q Rolling, — With 
deg. Factor X Property ui on of Factor X Property ae 
olling, Rollia 
deg. 
0 1.0 + X ten. str. 90 1.02 X ten. strength 90 
Tensile yield strength. . 0 1.08 + 1.19 X ten. yield 90 1.17 X ten. yield 90 
0 1.24 + .. 56 X ten. yield 
Tensile permanent deformation, perm. def. 0.01 % set. 90 
0.01 per cent set 0 comp. perm. def., 
0 0.94 X ten. yield 90 0.96 x ten. yield 90 
7 0 0.92 X comp. yield 90 ios = 0.89 X comp. yield ” 
Compression yield strength... 4! gq | 1.03 x ten. yield 90 | 1.08 X ten. yield 90 
0 0.86 X ten. yield 0 eT 7 = 0.82 X ten. yield 0 
{ 0 0.85 X comp. perm. def., 
| 0.01% set 
| 0 4 X ten. perm. def., 
_ Compression permanent defor- ) 0.92 X ten. perm. def., 
mation 0.01 per cent set 0.01% set a es 
90 1.09 X ten. perm. def., : 
45 1.0 X ten. perm. def., 
0.01% set i 


_in compression. Since in the restrained 
parts of the panels, however, the buck- 
ling stresses may be high enough to 
result in permanent strain, it is evident 
that the investigation of the mechanical 
properties of these alloys in terms of the 
micro-deformations in relation to the 


applied loads is of primary importance. 
It is not sufficient to measure the tensile 
or compressive yield strength at a 
_ permanent set of 0.2 per cent; it is far 


The results obtained at the Ecole 
Polytechnique correspond fairly well with 
the results given in the ANC report for 
tensile strength and compression yield 
with and transverse to the direction of 
rolling. Furthermore this table shows 
clearly the rather important difference 
between the compression and _ tension 
factors for permanent deformations of 
0.01 per cent. 

The very pronounced directionality of 
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these important mechanical properties is 
primarily due to the stretching or 
flattening process of the sheets during 
manufacturing. In this process, in order 
to secure reasonably flat sheets, they 
are given after heat treatment about 
1 or 2 per cent permanent set by cold 
stretching. This, coupled with a certain 
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Direction of Rolling 


Fic. 13.—Change of Ultimate Strength of 
Specimen with Direction of Rolling. 


directionality due to rolling, is the 
principal cause of the higher tensile 
resistance under micro-deformations and 
the higher tensile yield strength in the 
direction of rolling as compared with 
those at 45 deg. 

It is evident that the resistance of 
these stretched materials is less with 
respect to stresses in the opposite 


direction, that is to compressive loads. 
This is illustrated in Fig. 11 for sheet D. 
Tests showed that the yield strength in 
compression in the direction of stretching 
was about 6000 psi. lower than that in 
tension; for 0.01 per cent deformation 
it was as much as 11,000 psi. less. In the 
case of sheet D, difference in this respect 
between tension and compression was as 
much as 27 per cent (Fig. 12). In the 
case of sheet B with a high directionality — 
of the stresses in tension at micro- 
deformation between 0 and 60 deg., it is . 
probable that this percentage between _ 
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Fic. 14.—Change of Stress (0.01 Per Cent Per- 
manent Deformation) in Function of Pre- 
liminary Permanent Deformation. 


tensile and compressive stresses would 
have been even greater. 

Figure 13 represents the anisotropy of 
sheet D, A, and B with regard to ultimate 
strength. 


Preliminary Micro-Deformation and Its _ 
Effect on the Increase of the Elastic 
Properties: 


under compressive loads of sheets cold 
stretched after heat treatment. Accord- 
ing to results in alternating tension-— 
compression cycles, on single test speci 
mens, it may be seen in Fig. 14 that a_ 


These tests show the high rat al 
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preliminary and permanent deformation 
in tension of 0.1 to 0.5 per cent does not 
appreciably increase the tensile stresses 
corresponding to micro-deformations of 
0.01 per cent. An increase of only 8 to 
12 per cent was noted. If, however, the 
test specimens are subjected to compres- 
sive stresses, a preliminary deformation 
of 0.1 per cent causes a change of more 
than 50 per cent in the 0.01 per cent 
limit, of about 68 per cent in the 0.2 per 
cent, and of about 96 per cent in the 
0.5 per cent permanent deformation. 


Young's Modulus of Elasticity 


tion of Rolling Direction—Sheet D. 


16.—Young’s Modulus of Elasticity inFunc- 


Fig. 15 gives similar results for the 
duralumin sheet A at angles of 0, 45, and 
90 deg. to the direction of rolling. 
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Young’s Modulus of Elasticity: 


The modulus of elasticity for sheet D 
calculated from the stress-strain diagram, 
is reproduced in Fig. 16 on a polar dia- 
gram. As this diagram shows, this 
aluminum alloy, in contrast to other 
metals such as copper, for which Young’s 
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Fic. 17.— Young’s Modulus of Elasticity in Func- 
tion of Rolling Direction—Sheets A and B. 


modulus was found to vary as much as 
100 per cent (2)4, is not greatly influenced 
by cold rolling and stretching. A differ- 
ence of only 4 to 5 per cent of the average 
values was measured on specimens at 
45 deg. to the direction of rolling. At 
this angle, Young’s modulus of elasticity 

*The boldface numbers in parentheses refer to the 


papers appearing in the list of references appended to 
this paper, see p. 681. 
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was less than 9,800,000 psi. as compared 
to 10,200,000 psi. parallel and 10,300,000 
psi. transverse to the direction of rolling. © 
This is in accord with the findings of A. 
E. Bryukhanow (3), who reported a 
difference of 6 per cent in the modulus of 
elasticity values. Fig. 17 is another 
polar diagram showing Young’s modulus © 
of elasticity in relation to the direction of — 
rolling of sheets A and B. 


Bauschinger-E ffect: 


As mentioned above, the resistance 
of the aluminum alloy sheets to compres- 
sive loads was relatively small. This 
property, an interesting characteristic of 
all metals and alloys showing some 
plasticity, is known as the Bauschinger- 
effect. In Figs. 18 to 21 are given the 
results of alternating tension-compres- 
sion tests on specimens cut from sheets 
D and A in the direction of rolling and 
at 45 and 90 deg. to this direction. 
Figure 18 shows stress-strain diagrams 
for a specimen taken from sheet D in the | 
direction of rolling. After the 0.01 per 
cent limit was reached at about 40,CCO } 
psi. (point A), the loading was dis- — 
continued at a somewhat higher stress ~ 
and the specimen unloaded to point B. 
Upon loading a second time (B—C) it 
became evident that, due to the pre- 
liminary stressing, this 0.01 per cent 
limit was now higher (about 42,000 psi.). 
The 0.1 per cent limit was found to be > 
of about 43,400 psi. and the yield 
strength at 0.2 per cent set was of the 
order of 44,100 psi. When the loading 
was again interrupted at point D and 
lowered to E, and the specimen was 
again loaded (EF), then the 0.01 per cent 
limit of permanent set was found to be 
in the neighborhood of the yield strength 
(about 44,000 psi.). A yield point of 
0.5 per cent set corresponds to a stress of | 
45,400 psi. After the total deformation © 
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I'1G. 18.—Micro-Deformation Under Tension and Compression Loads. 
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Fic. 20.—Micro-Deformation Under Tension and Compression Loads. Sheet A 45 deg. to Direction — 
of Rolling. 
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Fic. 21.—Micro-Deformation Under Tension and Compression Loads. Sheet A 90 deg. to Direction 
of Rolling. 
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specimen was unloaded to point H. 
After this tension test, the same test 
specimen was placed in the steel sheath 
referred to earlier, and again loaded, 
this time in compression (HJ) until the 
0.01 per cent limit of deformation was 
reached. This limit, extremely low as 
compared to its value in tension, was 
only 21,200 psi. as compared to 40,000 
psi. in tension. Discontinuing the load- 
ing, then unloading and reloading to 
point J, this limit became gradually 
higher and approached the 0.1 per cent 
limit at 32,300 psi., at point A, or the 


_ yield strength (0.2 per cent set) at 35,800 


psi. It is interesting to note that even 
this yield strength in compression of 
35,800 psi. is much lower than the limit 
with only 0.01 per cent deformation at 
40,000 psi. in tension. 


Analogous Bauschinger-effect dia- 


_ grams for sheet A at 0, 45, and 90 deg. are 


shown in Figs. 19 to 21. The elastic 
limit of 0.01 per cent deformation of this 
sheet (Fig. 19) was found to be 44,000 
psi. and the yield strength 45,900 psi. 
The relatively sharp break in the curve 
at point A for cold-stretched sheets is 
very characteristic. After unloading 
from B to C and applying compressive 
stresses from point C to D, a deforma- 
tion of 0.01 per cent as low as 23,900 psi. 
was found, while the yield strength 
(0.2 per cent set) in compression was 
about 37,200 psi. It may be of interest 
to observe that in contrast to the shape 
of the diagram in tension (OAB), the 
compression stress-strain curve (CDE) is 
much more gradually rounded. Un- 


_ loaded to point F and again loaded in 


tension, this same specimen showed an 
elastic limit (0.01 per cent) of 28,400 psi. 
at point G while the yield strength had 
again reached about 45,700 psi. on the 
part of the curve GH of this diagram. 
The diagram FGH of this same specimen 
after compression is very interesting, 
compared to the diagram OAB of the 
metal as delivered. 
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Figure 20 gives the results of similar 
tests on a specimen cut at 45 deg. to the 
rolling direction from sheet A. In spite 
of rolling and cold-stretching, the shape 
of the stress-strain diagram is quite 
different from that for a specimen at 
O deg. (Fig. 19). This diagram is 
rounded, having a 0.01 per cent deforma- 
tion limit at 35,500 psi. (compared to 
44,000 psi. in the 0 deg. direction), and a 
yield strength of 41,000 psi. In com- 
pression (CDE) the respective values 
were 22,600 psi. and 37,000 psi., while 
at a deformation of 0.5 per cent, the 
stresses reached about 41,800 psi. Un- 
loaded from £ to F and again stressed in 
tension (FGH), a deformation of 0.01 
per cent was reached at 19,100 psi. 
(point G) and the yield strength at 
34,500 psi., that is, 1,000 psi. lower than 
the initial elastic limit of 35,500 psi. 

In Fig. 21 are shown the same kind of 
tests illustrating the Bauschinger-effect 
on specimens taken at right angles to 
the direction of rolling and stretching. 


RESUME OF RESULTS 


The results of the preceding investiga- 
tion may be summed up as follows: 

1. The results obtained with a new 
kind of tension grips as well as with new 
devices for guiding specimens axially in 
compression have been quite satisfactory 
for measuring micro-deformations in 
tension and compression. 

2. Based upon the tests it can be 
stated that all mechanical properties of 
17S-T rolled aluminum alloy sheets 
depend on the angle between the test 
specimen and the direction of rolling. 

3. In all cases a minimum of 4 to 5 per 
cent less ultimate resistance has been 
noted in the direction of 30 to 60 deg. 
compared with the direction of rolling. 

4. The yield strength (0.2 per cent set) 
is highly dependent on the angle of the 
specimen with the rolling direction of the 
sheet. However, a still greater influence 
is found in all cases for the 0.1 per cent 
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limit, showing up to 20 per cent less 
resistance in the 75 to 90 deg. direction; 
for the yield point this difference is of 
about 15 per cent. 

5. The stresses for a permanent micro- 
deformation of 0.01 per cent, depending 
on the position of the specimen in the 
sheet, changed in a rather impressive 
manner. More than 20 per cent less 
resistance was measured for sheets D and 
A and even up to 35 per cent for sheet B 
between 0 and 60 deg. to the direction of 
“rolling 

6. The very pronounced directionality 
of these important mechanical properties 
_ for constructional purposes is primarily 
due to the cold stretching (1 to 2 per 
cent) or the levelling process during 
manufacturing and the orientation of 
the crystals in these rolled light alloy 
sheets. 

7. Tests of the effect of preliminary 
by tension on the 


change of the elastic properties of 17S-T 
alloy sheets showed the high sensitivity 
of this material to compression loads. 
A preliminary permanent deformation by 
tension of only 0.1 per cent causes a 
change of more than 50 per cent of the 
0.01 per cent limit in compression and 
of about 96 per cent for only 0.5 per 
cent permanent deformation by tension. 
Similar results were obtained with speci- 
mens of other sheets forming an angle of 
0, 45, and 90 deg. with the direction of 
rolling. 

8. Contrarily to other metals (copper 


(1) R. L. Templin and R. G. Sturm, “Some 
Stress-Strain Studies of Metals,” Journal of the 
Aeronautical Sciences, Vol. 7, No. 5, p. 189 (1940). 

(2) E. Schmid, “Kristallplastizitit,” F. 
Springer, Berlin (1935). 

(3) A. E. Bryukhanow, “Development of 
Texture in Sheets of Brass, Aluminum and 
Dural at Rolling,” Journal of Technical Physics 
(U.S.S.R.), Vol. 9, pp. 1754-1762 (1939). 
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DISCUSSION 


Mr. H. S. Rawpon (presented in 
written form).\—The author should be 
commended for his skill and ability in 
testing and for the interesting data on 
the properties of thin aluminum alloy 
sheets which he has presented. How- 
ever, the writer takes exception tosome of 
the items and especially to the conclud- 
ing recommendations in the summary. 

The three sheets, designated as A, B, 
and D, on which practically all of the 
data were obtained, differ quite decidedly 
among themselves in several significant 
respects. No attempt has been made 
by the author to identify the three sheets 
with respect to the two lots of sheets 
available to him for this work. The 
sheets of the two lots were not identical 
in several respects, but the reader is 
unable to tie in differences in the test 
data, such as the variations in distribu- 
tion as well as in magnitude in Fig. 13, 
with known initial differences in the two 
lots of sheets. In brief, the actual test 
material has not been adequately de- 
scribed. 

The data presented by the author to 
demonstrate the “Bauschinger effect” 
serve to emphasize a basic principle well 
recognized by physical metallurgists. 
If the properties of a metal are increased 
in one direction, for example, in tension, 
the analogous properties in the other 
direction (in compression) are corre- 
spondingly decreased. ‘To be specific, an 
increase in the tensile elastic properties of 
a metal obtained by cold stretching is un- 
alterably tied in with a lowering of the 
compressive elastic properties. Thisisa 


1 Chief, Division of Metelursy, National Bureau of 
Standards, Washington, D. C. 


normal characteristic for the metal and is 
not to be regarded necessarily as a damag- 
ing effect, although a careful designer may 
attempt to take account of it. 

It is the writer’s opinion that the 
recommendation contained in the con- 
cluding sentence should not be taken too 
seriously. The “truing-up” of sheets of 
various metals by slight stretching is 
common practice and such products 
have entered into many types of con- 
struction over a long period. Definite 
evidence based on service behavior of 
aircraft structures is needed to support 
and confirm such a drastic recommenda- 
tion as that made by the author. Evi- 
dence has never come to the writer’s 
attention in any of the many cases of 
failed aircraft examined over a long 
period of years which could serve to 
support this recommendation. Further- 
more, were it possible to dispense with 
the stretcher-leveling of sheets, the effect 
would not be eliminated. Basically, it 
enters into the production of every part 
for the forming of which plastic deforma- 
tion is necessary. 

As a serious constructional hazard in 
aircraft service, this effect would be rated 
by the writer as very low in the list; it is 
topped by many other much more 
obvious potential structural hazards. 

In an entirely different field of aircraft 
performance, surface smoothness of the 
assembly such as is obtained by initial 
slight stretching of the structural sheet 
used is very necessary. Stability and 
efficiency of an aerodynamic structure 
are intimately associated with character 
of the surface in contact with the air 
stream. One of the most feasible meth- 
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ods of obtaining the smooth surface 
required is to process the sheet surface 
by initial stretching. No effective alter- 
nate method for obtaining this necessary 
condition is at all obvious. 

Mr. James A. MILLER? (presented in 
written form).—This paper serves to 
emphasize the desirability of obtaining 
accurate compressive stress-strain curves 
of sheet metal especially when the sheet 
has been cold-worked after heat treat- 
ment. 

We at the National Bureau of Stand- 
ards have been interested for a number 
of years in the testing of sheet metal in 
end compression and have devised a 
number of methods for providing lateral 
support to prevent premature buckling, 
for example the pack method of C. S. 
Aitchison and L. B. Tuckerman de- 
scribed in National Advisory Committee 
for Aeronautics Report No. 649. For 
this reason we are interested in the de- 
tails of the device shown, particularly 
in the nature of its contact with the 
specimen and in the means used to 
reduce friction. We note that the stress- 
strain records shown appear much less 
smooth for compression than for tension. 
We would like to know whether results 
obtained with these devices have been 
compared with those obtained on speci- 
mens from the same sheet by other 
methods such as the pack method or 
the single-thickness method, developed 
by W. P. Montgomery and R. L. Tem- 
plin, in which the lateral support ‘is 
provided by rollers. We would be 
interested to know if Mr. Welter has 
made any tests with gages mounted on 
the edge faces of the specimen to deter- 
mine the degree of uniformity of the 
stress distribution. 

About two years ago, Mr. C. S. Aitchi- 
son and I made some compressive tests 
of 0.032-in. 24S-RT sheet as part of an 


_ ? Assistant Physicist, National Bureau of Standards, 
Washington, D. C 
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investigation for the Bureau of Aero- 
nautics, Navy Department. In these 
tests the lateral support against pre- 
mature buckling was provided by im- 
provised solid brass guides with a coating 
of graphite grease between each guide 
and the specimen. The results ob- 
tained were in good agreement with those 
obtained on specimens from the same 
sheet by the single-thickness method. 
These tests pointed the way to the de- 
velopment of a simple fixture and a pro- 
cedure for making compressive tests of 


thin sheet which I am taking this 


Fic. 1.—Fixture for Compressive Tests of Thin | 
Sheet Metal. 


opportunity to describe. The fixture 
has been in use for several months. 
With it we have been able to obtain the 
stress-strain curve beyond the 0.2 per 
cent offset yield strength for sheet 
thinner than 0.006 in. with a yield 
strength of about 160,000 psi. and for — 
0.020-in. sheet with a yield strength as 
high as 240,000 psi. 

The fixture is shown with a specimen 
in the accompanying Fig. 1. It was 


designed for a specimen 3 in. wide with 
a 1-in. gage length. It consists of two 
hardened tool steel guides and two 
It can be taken 


adjustable clamps. 
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apart quickly for cleaning the guides 
by loosening the set screws holding the 
clamps in place. One guide is self- 
adjusting for linear variation in the 
thickness of a specimen. 

The guides are rectangular blocks of 
hardened tool steel nominally 0.375 by 
0.46 by 2.20 in. One of the 0.46 by 
2.20-in. surfaces of each is a guiding 
surface. A piece of the same tool steel 
which had been machined to space and 
hold the clamps was attached to one of 
the guides on the side opposite the guid- 
ing surface. This was done after the 
guide was hardened and ground nearly 
to size. This piece and the guide were 
finished together and are hereafter called 
the compound guide. The compound 
guide serves for the alignment of the 
specimen in the testing machine. The 
other, the simple guide, was machined, 
before hardening, on the surface opposite 
the guiding surface to provide seats for 
the adjusting screws of the clamps. The 
lower is a conical seat and the upper is a 
120-deg. groove. The simple guide was 
made 0,002 in. shorter than the com- 
pound guide and the conical seat was 
located so that the lower end would be 
about 0.002 in. above the lower end of 
the compound guide. This prevents 
small changes in the seating of the clamps 
from causing the lower end of the simple 
guide to interfere with the alignment 
of the specimen. 

The holes for the 8-32 tension screws 
were drilled and tapped while the cross- 
bars for each clamp were clamped to- 
gether. Rigidity is obtained by tighten- 
ing the head of each tension screw against 
the smaller cross-bar and then tightening 
the locknuts against the larger cross-bar. 
The 10-32 adjusting screws have a travel 
of over § in. The spacing of the cross- 
bars can be varied in steps of ; in. by 
removing one of the tension screws from 
the large cross-bar, turning the large 
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cross-bar to the desired location, and re- 
setting the tension screws. 

Ordinarily, the specimens for test in 
the above fixture are 4 in. wide and 2} 
in. long. Thus they have the same cross- 
sectional area as standard tension test 
specimens from the same sheet. For 
specimens less than 0.020 in. thick the 
length should be slightly less. For speci- 
mens less than 0.010 in. thick the length 
should be just enough to provide clear- 
ance of 0.002 or 0.003 in. between the 
top of the guides and the bearing block 
when the yield strain is reached. For 
specimens thinner than 0.010 in. the 
width should be reduced to 0.48 in. 

The edges of the specimens were 
finished by grinding. Several specimens 
were ground at one time. They were 
held in a vise which could be turned end 
for end to permit finishing both ends 
without removing the specimens. The 
resulting specimens were satisfactory 
for test between hardened steel bearing 
blocks which had been set parallel at the 
beginning of a series of tests. 

Before a specimen was placed in the 
test fixture the burrs were removed from 
the edges. Care was taken not to dam- 
age the end surfaces of the specimen. 
The broad surfaces of the specimen 
were rubbed lightly with a hardened 
steel scraper to remove small particles 
of the material projecting above the 
surfaces. Finally the ends of the speci- 
men were lapped superficially on a 
roughly ground hardened steel block to 
remove any material that might prevent 
uniform contact with the bearing blocks. 

The specimen was then cleaned and 
covered on both sides with a thin coat of 
lubricant (Texaco Marfak No. 3) and 
inserted between the guides in the fix- 
ture. The adjusting screws were tight- 
ened and retightened with intervening 
sliding of the specimen until the guides 
did not slide axially under their own 
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weight but did slide smoothly under an 
additional weight of 1 lb. or less. After 
a little practice an operator can tell by 
feel when the desired condition is ob- 
tained. When the sliding is not smooth 
but jerky there may be foreign matter 
between a guide and the specimen or, in 
the case of newly finished guiding 
surfaces, a burr at an edge which 
scratches the specimen. When ordinary 
care is taken in cleaning and greasing the 
specimen several specimens can be tested 
between each cleaning of the guides. 


were removed. Before reducing the 
load the guides were moved with the 
fingers to show the absence of appreciable 
friction. 

Numerous tests have been made to — 
compare the results obtained with the 
fixture with those obtained by other 
methods. Figure 2 shows stress-devia- 
tion graphs obtained from pack tests 
and tests with this fixture. These indi- 
cate close agreement between the stress- 
strain curves obtained by the two 
methods. 
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The specimen was then centered later- 
ally in the guides by eye. The lower end 
was set even with the lower end of the 
compound guide and the lubricant was 
wiped from the ends. The specimen was 
then aligned in the fixture by pressing 
the specimen and compound guide 
against a surface plate. 

The specimen was centered in the 
testing machine and an initial load of 
about 20 lb. was applied. Tuckerman 
l-in. strain gages were then attached to 
the edge faces of the specimen. After 
the yield strength was reached the gages 


0.0015 
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Fic. 2.—Compressive Tests on Aluminum Alloy 24S-RT 0.032-in. Sheet in Direction of Rolling. — 


and compression on the same specimen. 
However the method is especially suit- 
able for such tests. 

The author wishes to thank the Bureau 
of Aeronautics for permission to nono 
this discussion. 

Mp. R. L. Tempiin.*—The author has 
presented some very interesting data 
relative to 17S-T aluminum alloy sheet. 
In his experiments to obtain the data 
he has demonstrated the necessity for 


* As. istant Director of Research and Chief Engineer of 
yom, Aluminum Company of America, New Kensington, 
a. 
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using testing apparatus that will stress 
the test specimens both axially and 
uniformly. The test data submitted in- 
dicate that this requirement of good test- 
ing technique has been realized within 
satisfactory limits. It would appear 
from the photographs of the apparatus 
used (Figs. 4, 5, 6, and 7) that rather 
extensive manipulation of the tension 
test grips and compression device is 
necessary in the case of each test. For 
example, in the tension grips it would 
seem necessary to tighten, adjust, and 
subsequently release 16 separate cap 
screws for each tension test. In the 
case of the compression device, it appears 
necessary to adjust and release or re- 
move 5 to 9 machine screws in testing 
each specimen. The time involved in 
making such adjustments would appear 
to preclude the consideration of the use 
of such testing apparatus in the thou- 
sands of routine inspection tests now 
made commercially in controlling the 
quality of aluminum sheet. In actual 
practice under present conditions, ten- 
sion tests of aluminum sheet, including 
the use of stress-strain apparatus shown 
in Fig. 4 by the author, are being made 
at the rate of 15 or more per testing ma- 
chine hour using one operator per ma- 
chine. The grips used for such tests, 
however, are the type indicated by Fig. 
16 of A.S.T.M. Standard Methods of 
Tension Testing of Metallic Materials 
(E8-42).4 The unsuitability of what 
the author terms “the usual technique” 
in making tension tests of thin sheet 
metals has been brought to this Society’s 
attention on a number of previous occa- 
sions. In the case of aluminum sheet, 
the point was particularly emphasized 
by the writer in 1927.5 

Commercial apparatus is available 
today in this country for use in making 

41942 Book of A.S.T.M. Standards, Part I, p. 904. 

*R. L. Templin, “Methods for Determining the Ten- 


sile Properties of Thin Sheet Metals,”’ Proceedings, Am. 
Soc. Testing Mats., Vol. 27, Part II, p. 235 (1927). 


compression tests of thin sheet metal 
specimens, that apparently accomplishes 
all that the author’s compression testing 
device does with much less manipulation 
involved for each test. 

The author’s results show very nicely 
the variations in stress values with re- 
spect to different micro-deformations, 
for the material investigated. He has 
expressed the opinion that these varia- 
tions are very important in the case of 
the buckling stress of panels such as 
used in aircraft. Irrespective of the 
validity of the opinion expressed, it can 
be pointed out that the fabrication pro- 
cedures used in making aircraft of 
aluminum sheet undoubtedly result 
in micro-deformations that change the 
stress-strain relationships of the material 
as much as the amounts found by the 
author and attributed to rolling and 
flattening by stretching of the sheet. 
Certainly the aircraft manufacturer re- 
quires flat sheet as evidenced by the 
specification requirements governing flat- 
ness. Furthermore, under service con- 
ditions many parts of aircraft, including 
the panels mentioned, undergo micro- 
deformations that affect the stress- 
strain relationships of the aluminum 
sheet in the stress range below the yield 
strength, apparently without any dele- 
terious results in so far as the perform- 
ance of the structure is concerned. 
These micro-deformations, in all prob- 
ability, are a real benefit to the structure 
as they often assist in accomplishing a 
stress adjustment which is desirable from 
the standpoint of the fatigue life of the 
structure. 

In view of these points it is very diffi- 
cult to accept the author’s recommenda- 
tion that the manufacturers of aluminum 
sheet should eliminate the stretching of 
1 or 2 per cent used for flattening the 
product. A corollary of this conclusion 
would be that the aircraft maker should 
not use the stretch forming process nor 
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do any cold forming of aluminum sheet 
where it is to be used as strength panels. 

Many thousands of very successful 

aircraft have been made frem stretch 
flattened aluminum sheet which also has 
been stretched or otherwise formed by 
the aircraft maker. It does not appear 
that the cold forming operations used 
by the aircraft makers could be elimi- 
nated, in order to avoid effects of the 
micro-deformations on the stress-strain 
relationships of aluminum sheet. Even 
though such were possible, there is no 
evidence showing that the results ob- 
tained would justify the difficulties in- 
volved. 
In conclusion the observation might 
be made that the variations in the alumi- 
num sheet found by the author probably 
are appreciably less than variations in- 
troduced by the fabricators who use 
aluminum sheet and those introduced 
by the service conditions of structures 
made from aluminum sheet, particularly 
aircraft. 

Mr. G. WELTER® (Auwthor’s closure, by 
letter)—I have read with great interest 
the discussions by Messrs. J. E. Miller, 
| H. S. Rawdon, and R. L. Templin and 
| am submitting the following comments 
on some points of this discussion. 
Concerning the testing apparatus, it 
, may be mentioned that the tension grips, 
j as well as the compression device, have 
. been projected solely for research pur- 
2 poses; therefore stressing the specimen 
2 axially and uniformly has been consid- 
, ered as being of greater importance than 
e any easy and rapid manipulation of these 


devices. The heads of the flat speci- 
- mens are laterally guided inside these 
< divided steel sheaths according to Figs. 
n 4and 5 and are fixed by friction on hard- 
of ened steel faces of about } by 13 in. with 
e sharp teeth, so that only a fairly low 
n pressure is necessary to prevent sliding 
Id *Professor of Applied Mechanics, Ecole Polytech- 
or nique, University of Montreal, Montreal, Canada. 
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of the specimen in the sheath. The 

testing practice showed that the manipu- 
lation of four nuts was sufficient to fix 
the specimen securely in the sheath; only 
two of these had to be tightened by a 
wrench while the other two, which may 
be of the butterfly-type, can be tightened 
by hand. During this investigation, 
each complete diagram (micro-deforma- 
tion and stress-strain diagrams), accord- 
ing to Fig. 3, could be recorded with the 
low speed of the recorder in about 6 to 8 
min. and the additional time for adapta- 
tion of the specimen in the sheath took 
only a small percentage of this time. 

It is hardly necessary to point out that 
the grips for sheet material shown in 
Fig. 16 of A.S.T.M. Standard Methods of 
Tension Testing of Metallic Materials 
(E 8 - 42)’ are not,as stated in Section 17 
(c), “self-adjusting” grips. Due to the 
spherical bearing in the cross-head of the 
testing machine, which unfortunately is 
not self-aligning, these grips, devised for 
sheet specimens, work under load not 
much more satisfactorily than the usual 
type of wedge grips. It is evident that 
the breaking strength of brittle material 
and the elastic limit of all other materials 
may be seriously penalized by these and 
similar so-called self-adjusting grips; 7 
under increasing loads they cannot com- . 
pensate the constant changes in the non- 
translational movement of the cross- 
heads of the testing machines. 

A commercial apparatus available for 
use in making compression tests of thin 
sheet metal specimens which permits an 
automatic recording of the elastic and 
micro-plastic deformations of the speci- 
mens, is not known to me. Besides the 
“pack method,” the only device which 
I have seen for testing thin single sheets 
in compression is the “Montgomery” 
type, manufactured by Baldwin South- 
wark. It does not seem to me that with i 
this commercial apparatus, less manipu- 


71942 Book of A.S.T.M. Standards, Part I, p. 904. 
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lation is necessary or that it works faster 
than the device shown in Figs. 6 and 7. 
With this device, the time required for 
each compression test including the 
stress-strain diagrams shown in Fig. 8, is 
about double that for the tension tests. 
By some slight changes of the sheath 
using 3 to 4 butterfly-nuts, this time of 
manipulation without any doubt, can be 
appreciably reduced. 

The rigid steel sheath for preventing 
buckling of the thin specimens is ad- 
justed to the thickness of the specimen 
so that the sheath can slide easily by its 
own weight; a coating of graphited heavy 
oil is used between the sheath and the 
specimens. 

In my opinion, the compressing jig 
used in testing single sheet specimens in 
compression, described in N.A.C.A. tech- 
nical note No. 819, is not ideal for com- 
pression tests; in fact the small lateral 
roller supports on each side of the speci- 
men, placed about 7g in. apart, do not 
keep the specimen completely straight 
during the test; under load the specimen 
takes a sinusoidal form. Besides this, 
reducing the surface of the supporting 
faces of the specimen by the rollers to a 
series of horizontal contact lines does not 
seem to be the correct procedure; in order 
to lower the friction between the speci- 
mens and the sheath to a minimum, it is 
necessary that the supporting surfaces be 
as large as possible. Besides this, it does 
not seem likely that the rollers under load 
will turn when sliding the specimen in the 
device; this means that, instead of an 
apparent decrease of friction by the roll- 
ers, a serious increase takes place. In- 
cidentally, I wonder how many screws 
this device is provided with and how 
many have to be manipulated to adjust 
the specimen and the device to the testing 
machine; furthermore, a weak point of 
this device seems to be the introduction 
and diffusion of the loads from the load- 
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ing tables of the machine to both ends of 
these small thin flat specimens. 

Concerning the variations in basic 
stress values with respect to different 
micro-deformations of thin aluminum 
alloy sheets, which may become fairly 
high, Iam under the impression that the 
mechanical anisotropy of the sheets is 
most important; especially in this case 
where the buckling stress of panels used 
in aircraft is involved. As quoted in 
my paper, changes of 80 to 90 per cent 
in the 0.01 per cent limit (of permanent 
deformation) in compression compared 
to tension have been measured. How- 
ever, much higher changes may be 
expected if results are considered for the 
0.091 per cent limit, which, after prelim- 
inary deformations of 0.5 to 1 per cent 
in tension, may be as low as 15,000 psi. 
in compression (19,100 psi. have already 
been measured at the 0.01 per cent limit 
in the 45 dez. direction). Due to the 
commercial thickness tolerances for 
sheets, a cross-section of 0.18 sq. in. is 
possible in a 0.032-in. panel (6 in. wide). 
Consequently at an average buckling 
load of 2209 lb. on these panels, a stress 
of more than 12,09) psi. can easily be 
reached. If we furthermore tike into 
consideration thit the compre33ioa loads 
are not rezularly distributed over the 
whole width of the panel whea reaching 
the miximum buckling load, an influeace 
of the anisotropy of the she2ts does not 
at all seem to be out of question, e3p2- 
cially in the restrained purt of the pinel. 
Based on special test series, carrie] out 
from this point of view, I must say that 
I am not as much afraid of smull differ- 
ences in eccentricity of the panels thin 
of the very serious mechunical anisot- 
ropy of the cold-stretched sheet muate- 
rial itself. 

If the fabrication procedure used by 
the aircraft manufacturers is changing 
appreciably the stress-strain relation of 
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the material designed for an important 
element, then without any doubt it will 
be useful to find out what the conse- 
quences of these changes may be in the 
behavior of the structure in service. 

The successful use of “‘cold-stretched” 
duralumin sheets in an aircraft panel 
means that the structure is heavy enough 
to resist any failure, but it does not mean 
that the panel is as light as it might be 
so as to reduce the superfluous dead load 
toa minimum. For panels used in air- 
craft, the variations introduced by the 
fabricator are low as the panels are only 
slightly bent (not stretched) to adapt 
them to the monocoque structures. So 
it is not easy to understand that due to 
cold stretching of the sheets by the manu- 
facturer, the very pronounced changes in 
the 0.01 per cent limit between tension 
and compression, according to Figs. 14 
and 15, may be introduced through the 
manipulation of the panels by the fabri- 
cators or even the service conditicns of 
panels. In any event these test results 
seem to me so important for the designer 
of monocoque constructions and in gen- 
eral for all light alloy constructions that 
the research about this point and other 
materials will be continued. 

The discussion by Mr. Rawdon prin- 
cipally takes exception to the same point 
as that discussed by Mr. Templin and a 
part of these comments have been dis- 
cussed above. 

Here too, it seems to me that an effect 
which can change as much as 80 to 90 
per cent the vital properties of a panel 
on which the design is predominantly 
based is a serious constructional hazard 
in aircraft service and can hardly be sur- 
passed by many other much more im- 
portant ones, as Mr. Rawdon states. It 
is rather difficult to understand what Mr. 
Rawdon means by tying in differences in 
the test data of Fig. 13 with known initial 
differences in the two lots of sheets. The 
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sheets which were tested were 0.032-in. 
thick 17S-T (duralumin) of normal 
composition and heat treatment. The 
two lots differed only in lengths and i 
widths of the sheets; evidently these fac- 
tors cannot have a marked influence on f 

the ultimate strength of the specimen. 

Figure 13, in which are represented the 

changes of ultimate strength of the ; 
specimens with the direction of rolling is, _ x 
according to my opinion, the least in-— 

teresting one for the designer and any — 

speculation about the question why one f 

of the sheets (A) has in the 45-deg. direc- 


tion a variation of the ultimate load of 7 

—2.0 per cent, sheet D a variation of © 

about —1.2 per cent, and sheet B less . 
than —1 per cent, seems to me of no 


special interest for the use of these sheets 

in monocoque constructions. Evidently 

of much greater importance, especially 

to the designer, is Fig. 14 (as well as Fig. 

15) representing the changes of stress 

(0.01 per cent permanent deformation) 

in function of preliminary permanent 

deformaticn up to 0.5 per cent. Also 

Figs. 18 to 21 show very clearly how the 

thin aluminum alloy sheets under ten- 

sion and compression are working with 

regard to their micro-deformation, their 

elastic limit or the yield point. It is 

these basic characteristics which are of 

fundamental importance to the designer 

of panels, or, in general, for monocoque 

aircraft constructions as well as for other 

structural materials. For purposes of 

design these characteristics describe 

much more adequately the actual test 

material than any results about ultimate 

loads, total elongation, reduction of 

area, etc. 
The constructive contribution of Mr. 

J. A. Miller to these questions is an in- 

teresting one and it shows that devices 

to obtain accurate stress-strain curves of \ 

thin specimens, as described in my px per, 

are in good agreement with results of the 
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earlier “pack method.” ‘Tests with 
gages mounted on the edge faces of the 
specimen have not been repeated here 
because they represent an earlier stage 
of the development of these devices. 
The uniformity of the stress distribution 
over the width of the specimen need not 
be controlled if the stresses are intro- 


duced completely axially into the speci- 
men. ‘This can be easily guaranteed by 
using two small rollers placed perpendic- 
ular to the specimen and applied in the 
axis of the sheath on the top and bottom 
end of the transverse members G and 
G’, according to Fig. 6 of my paper. 
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SYNOPSIS 


_ Many of the compositions of low-tin solders included in various specifications _ 
differ only in small percentages of elements such as antimony, bismuth, copper, — 
Since short-time tests are frequently relied on to prove the value — 
or importance of such additions, it is essential to establish procedures which 
are simple and will yield results which are both reproducible and easily in- 
The scarf joint was investigated and found to be advantageous for 
Results are presented which indicate the effects of speed of — 
pulling, rate of loading, time of supporting the load, temperature, and pre- — 
tinning on the shear strengths of soldered joints. 
useful in setting up standard procedures for short-time tests of solders and > 
Shear strengths for one set of conditions are given for joints | 
Of these, six correspond in composition with — 
A.S.T.M. solders Nos. 11, 12, 13, 14, 15, and 16 included in Emergency Alter- 
nate Provisions in Tentative Specifications for Soft-Solder Metal (B 32-40 T) — 
issued January 5, 1943; four corresponded with solders B, D, E, and G of 
Federal Specification for Solder, Tin-Lead (QQ-S-571a) dated February 11, 
1942; and one corresponded with solders R and M of Emergency Alternate © 
Federal Specification for Solder (E-QQ-S-571a), dated September 29, 1942. — 
Nine of the solders corresponded in composition with solders E01, E02, E03, 
E04, E05, E06, E07, 2A, and 6A in 1943 S.A.E. specifications. 
dition a commercial 50-50 tin-lead solder was investigated. 
Spreading tests of ten solders, using a eutectic mixture of zinc and ammo- 
nium chlorides on copper and iron were made. ; 
solder No. 16 and 50-50 solder were also made using 14 different fluxes on — 
Fifteen fluxes were included in the investigation. 


and silver. 


terpreted. 
the purpose. 


soldered joints. 
made with thirteen solders. 


copper and 14 fluxes on iron. 


Since the prospect of an acute shortage 
of tin continues, conservation measures 
must be continued. Although the per- 
centage of tin that may be used in 
solders for various purposes has been 
limited by the War Production Board, 
tin is still a major constituent of solders 
used for general purposes. Numerous 
new compositions of low-tin solders 
have been proposed as substitutes for 

1 Associate Metallurgist, and Principal Metallurgist, 
reapectively, National Bureau of Standards, Washington, 

29942 Book of A.S.T.M. Standards, Part I, p. 1411. 


SHORT-TIME TESTS OF SOLDERS AND SOLDERED JOINTS 
J. A. Kies! anp W. F. Roeser! 


Such data are considered | 


In ad- 


Spreading tests of A.S.T.M. 


the conventional pre-war 50-50 lead-tin 
solder and have been included in various 
specifications for solders. 

Many of the proposed compositions 
of low-tin solders differ only in small 
percentages of especially added elements 
such as antimony, bismuth, and silver. 
Few data on the effects or importance of 
these added elements are available. At 
the present time there are no generally 
accepted test methods for determining 
the effects of elements added to solders 
or for providing data which would be of 
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material aid in the selection of the most 
suitable solder for a specific purpose. 

In addition to such factors as soldering 
temperature, freezing range, spreading 
or “tinning” ability, etc., which are 
important in determining whether a 
solder is suitable for a given application, 
adequate strength of the soldered joint is 
essential. A number of papers have 
been published giving the results of 
tests of joints made with different 
solders, but in many cases the results 
are of questionable utility because (qa) 
all of the many factors affecting the 
results obtained were not controlled or 
reported, or (6) the types of joints used 
were such that the results obtained 
depended more upon the type of joint 
and method of Joading than upon the 
solder. 

The factors influencing the results 


obtained from testing soldered joints 


were discussed in a previous paper (1).* 
The purposes of this paper are (a) to 
discuss these factors further, (b) to 
present data showing the effects of the 


various factors, (c) to present the results — 


of tests with different low-tin solders 
with types of joints in which the disturb- 
ing factors are eliminated or most 
easily controlled, and (d) to present 
results of spreading or “‘tinning”’ tests 
with the different solders under different 
conditions. 

In devising methods of test it is 
advisable to simulate service conditions 
as closely as practicable. However, 
solder is used for making such a large 
variety of joints that no one type can be 
used to represent all service conditions. 
Soldered joints in service are subjected 
to practically all types and combinations 
of stress. In most tests of soldered 
joints, attempts have been made to 
measure the shear strength of the joint 


2The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references 
appended to this paper, see p. 706. 
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and to express the results in pounds per 
square inch. In order to accomplish 
this and to obtain results which depend 
only on the solder, it is necessary that 
rupture be confined to the solder and 
that distortion by bending or other 
deformation in the basis metal be 
minimized. Ease and reproducibility of 
soldering as well as freedom from 
accumulations of solder in_ corners, 
fillets, etc., are important matters. 
Numerous data on the strength of 
soldered lap joints (1, 2, 3), plug and 
sleeve joints (4, 5, 6), butt joints between 
rods (7, 8), and the Chadwick joint 
(9, 10) have been published. In spite 
of certain obvious advantages of the 


TABLE I.—DESIGNATIONS OF SOLDERS. 


A.S.T.M. Federal S.A.E. 
11 M E01 
12 E02 
13 E03 
14 E04 
15 E05 
E06 
16 R E07 
B 2A 

D 
E 
G 
6A 


scarf joint and the fact that it is com- 
monly used in service, there are appar- 
ently no published results of tests made 
with this type of joint. In the present 
work, the possibilities and merits of the 
scarf joint for test purposes were in- 
vestigated. Tests of various solders 
were made with this and several other 
types of joint for the purpose of com- 
paring the results obtained with different 
solders and different types of joint. 


MATERIALS 
Solders: 
Thirteen solders were investigated. 
Twelve of these corresponded in com- 


position with solders whose designations, 
according to current A.S.T.M., S.A.E., 
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and Federal specifications, are as given in 
Table I. 

Solders Nos. 11, 12, 13, 14, 15, and 16 
are included in the A.S.T.M. Emergency 
Alternate Specifications EA-B32a.2_ The 
1943 S.A.E. Specification, in which solders 
£01, E02, E03, E04, E05, E06, and E07 are 
included, is entitled “‘S.A.E. Non-Ferrous 
Metals, Emergency Alternate Specifica- 
tions.” Solders 2A and 6A are included 
in the 1943 list of S.A.E. standard 
solders. Solders B, D, E, and G are 
included in Federal Specification for 
Solder, Tin-Lead (QQ-S-571a), dated 


SOLDERS AND SOLDERED JorNTs 693 


TABLE II.—COMPOSITIONS, MELTING RANGES, AND DENSITIES OF SOLDERS INVESTIGATED. 


wherever possible, and the S.A.E. des- 
ignation will be used in the two cases — 
to which neither an A.S.T.M. nor a 
Federal designation can be applied. _ 


Materials Joined: 


Copper.—Single lap and scarf joints 
with a scarf angle of 143 deg. were made — 


of 1 by 0.096 by 6 in. These were 
tested in tension. Butt joints between 
copper tubes having an outer diameter of 
1.125 in. and a wall-thickness of 0.065 in. 
were tested in torsion. 


Composition by Weight, per cent Melting Range* 

Temperature Den- 
aad Solidus Tem- | of Maximum Liquidus sity, 
Solder i perature Heat Evolu- | Temperature | 8- per 

tion cu. 
= a E S <3 deg. | deg. | deg. | deg. | deg. | deg. 
a a 5 a oa Bs Cent. | Fahr. | Cent. | Fahr. | Cent. | Fahr ; 
B 40 | 0.30 | 0.06 | 0.20 | .... | remainder 181 358 182 360 250 482 9.35 
D 35 1.00 | 0.06 | 0.20 | .... | remainder 181 358 184 363 256 493 9.50 
E 30 0.60 | 0.10 | 0.20} .... | remainder 181 358 183 361 261 502 9.64 : 
G 20 | 0.56 | 0.10 | 0.20] .... | remainder 181 358 183 361 282 540 | 10.16 
ll 20 0.40 | 0.06 | 0.56 | 1.25 | remainder 176 349 178 352 273 523 10.16 
12 20 | 0.33 | .... | 5.0 | 1.25 | remainder 159 318 172 342 253 487 10.16 
6A 15 | 0.33 .... | .... | remainder 183 361 186 367 285 545 10.44 
13 15 0.33 0.6 1.25 | remainder 176 349 177 351 276 529 10.44 
14 15 0.33 5.0 1.25 | remainder 159 318 172 342 262 504 10.42 
15 9.97 | 0.33 0.6 | 1.50 | remainder 175 347 287 549 289 552 10.71 
EC6 2.99 | 0.33 .... | 2.24 | remainder 275 527 305 581 306 583 11.10 
16 ere 2.49 | remainder 300 572 302 576 303 577 11.29 


* Determined by A. I. Dahl, Associate Physicist, National Bureau of Standards. 
Determined by Miss M. G. Blair, Junior Physicist, National Bureau of Standards. 


© A commercial product. 


February 11, 1942, and solders R and M 
are included in Emergency Alternate 
Federal Specification for Solder; Tin- 
Lead (E-QQ-S-571a), dated September 
29, 1942. 

In addition, a commercial 50-50 tin- 
lead solder was included in the investiga- 
tion to serve as a standard for compari- 
sons. All of the solders are listed in 
Table II together with data on composi- 
tion, freezing range, and density. 

Hereafter in this paper the A.S.T.M. 
designations will be used wherever 
possible. Federal designations will be 
used rather than S.A.E designations 


| 


between copper strips having dimensions 


Brass.—Single lap joints in yellow 
brass strips, 1 by 0.125 by 6 in., were — 
made for tension tests. Scarf joints 
with eight different scarf angles ranging 
from 4 deg. to 713 deg. were prepared 
with similar brass strips. Plug and 
sleeve joints were made between }-in. 
diameter plugs and sleeves having a 
0.125-in. wall thickness. All of the 
above were tested in tension. 

Butt joints between brass tubes having 
an outer diameter of 1.30 in. and a wall 
thickness of 0.063 in. were prepared for 
shear tests in torsion. 

Steel—Scarf joints with 4- 
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deg. angles of scarf were made between 
strips of cold rolled steel 1 by 0.125 by 
6 in. in size for tension tests. 

Butt joints between steel tubes having 
an outer diameter of 1.25 in. and a wall 
thickness of 0.063 in. were prepared for 
shear tests in torsion. 


Materials for Spreading Tests: 


Fifteen fluxes, including some pro- 
prietary products, were tested. The 
fluxes are listed in Table III according 
to approximate composition. Spreading 
tests were made on sheet copper 0.022 
in. thick and on sheet iron 0.035 in. 
thick. 


Fic. 1.—The Scarf Joint. 


@ is the scarf angle, F is the tensile load on the speci- 
men, F, is the component of F resolved in the direction of 
shearing in the solder, and F, is the component of F nor- 
mal to the surfaces joined. 


PROCEDURES AND RESULTS 
Scarf Joint: 


A diagram of the scarf joint is shown 
in Fig. 1. The scarf angle and the 
relation between the shearing and normal 
components of the load are given in the 
figure. 

The shear strength of the scarf joint 
was calculated from the formula 


o 
Fsin | 
= 
- 
@ 
where: 


S = the shear stress in the plane of the 
joint and in the direction of 
shearing, 


F = the maximum load during the test, 
6 = the scarf angle, and 
t = the thickness of the strips joined. 


All values reported ior the strength of 
joints are the averages of at least four 
independent determinations. 

Two outstanding advantages of the 
scarf joint are its freedom from eccen- 
tricity of loading and the absence of a 
sudden change of section. Experience 
soon demonstrated other important ad- 
vantages: (a) the joint was easily pre- 
pared; (b) the solder thickness could be 
regulated by fine spacer wires; (c) the 
fracture area was regular and sharply 
outlined; (¢d) moderately excessive quan- 


TABLE III.—APPROXIMATE COMPOSITIONS AND ACIDITY OF FLUXES. 


NH.CI, | 


ZnCh, 
Flux per cent per cent Other | Acidity Vehicle 
A 45 5.3 3.7 per cent SnClz Strong Water 
35.5 14.5 Slight Water 
¢ 21 Resinous water pH Petrolatum 
dD } 47 1 Water & alcohol pH 4 i 
| 87 9 pH 5 “Dry salts” 
*F 54 ‘.7 Organic pH 3 ater 
G 62 8.6 “ar pH 3 Water 
H 31 6 15 per cent alcohol pH 3 Water 
fa 50 Water 
g 23 | 3.6 Organic + 13% HCl Very strong Water eer 
| Phosphate pH 4 | Probably mineral oil 
L Not analyzed Not analyzed 
“i M give iw Phosphates pH 6 | Water 
N@ osin Alcohol 
Oo Trihydroxyethylamine | Stearate | None 


Not proprietary. 
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tities of solder did not alter the fracture 
area, that is, there were no fillets; (e) the 
scarf angle could be regulated so as 
practically to eliminate the effects of the 
component of tensile stress normal to 
the joint; and (f) the test results in 
terms of shear strength were consistent 
with the results obtained with other 
satisfactory types of joint. 

Soldering of scarf joints was accom- 
plished by laying the strips together 
horizontally and flowing the solder into 
one end of the lap. Brass spacer wires 
(0.004 in. in diameter were inserted in 
each joint. All joints were raised to 
50 C. above the liquidus point of the 
solder. In the first experiments to 
determine the effect of scarf angle, the 
joints were tested at room temperature. 
The specimens were tested in a tension 
testing machine; the speed of the moving 
crosshead was 0.06 in. per min. The 


as plotted because it gives the ratio of 
he normal stress on the joint to the 
shear stress in the direction of shearing. 
The maximum shear strength was ob- 
tained when the normal stress was 
between 0.2 and 0.4 times the resolved 
shear stress. For a scarf angle of 4 deg. 
(tan 6 = 0.07) fracture occurred in the 
brass, and thus prevented a determina- 
tion of the shear strength of the joint. 
Joints in steel with a 4-deg. scarf angle 
gave satisfactory results which were 
practically the same as those obtained 
for a 14}-deg. angle (tan @ = 0.26). 
It was therefore decided that 144 deg. 
was a Satisfactory scarf angle for brass 
and steel. Other angles within a few 
degrees of this would have been equally 
satisfactory. 
Three types of joint, made with 
50-50 solder on brass, steel, and copper, 
were tested at room temperature. Ten- 
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Tensile Stress in Brass Strip 
Resolved Shear Stress in Solder 
Fic. 2.—The Relationship Between Maximum Shear Stress and the Scarf Angle. 
Tests at room temperature, 0.06 in. per min., solder No. 13 on brass. 


same procedure was used in testing other 
types of joint for comparisons. 

To determine the optimum scarf angle 
for use in subsequent tests, specimens 
were prepared with angles (eight in 
number) ranging from 4 deg. to 71} deg. 
The shear strengths for joints in brass 
made with solder No. 13 are given in 
Fig. 2. The tangent of the scarf angle 


uw 


TABLE IV.—COMPARISON OF SHEAR STRENGTHS 
OF DIFFERENT JOINTS. 


50-50 Solder, Rocm Temperature. 


Shear Strengths, psi. 


Joined Scarf J Single L 
oin : Scarf Joints ingle Lap 
14 deg. | Joints, Fillets 
angle Removed 
4830 5370 4200 
4350 5000 4790 
Copper..... 4310 4180 3300 
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Fic. 3.—Shear Strengths of Plug and Sleeve Joints 
in Brass Made with Various Solders. 

Room temperature, speed of crosshead = 0.06 in. per 
min. Dotted and solid lines represent the strengths ob- 
tained with first and second solderings, respectively. Only 
those elements present in excess of 0.5 per cent are listed. 
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sion tests were made with a crosshead 
speed of 0.06 in. per min. The torsion 
testing machine was operated at a 
uniform speed so chosen that the time 
necessary to produce failure of the 
joint was about the same as in the 
tension tests. The thickness of the 
solder film was substantially 0.004 in. 
for each type of joint. The results are 
given in Table IV. According to the 
results, the strengths obtained with the 
143 deg. scarf joint compared favorably 
with those obtained with butt joints in 
thin-walled tubes tested in torsional 
shear. The strengths obtained with the 
scarf joint were uniformly higher than 
those obtained with the single lap joint. 

Shear strengths of plug and sleeve 
joints made with seven solders were 
determined for comparison with the 
strengths obtained with scarf joints with 
the same solders. The two sets of 
results are given in Figs. 3 and 4, respec- 
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Fic. 4.—Shear Strengths 
Brass strips 0.125 in. thick, angle of scarf = 141% deg. 


elements present in excess 


of Scarf Joints in Brass. 


f Dotted and solid lines represent the strengths obtained with first 
and second solderings, respectively. Speed of crosshead = 0.06 in. per min. 


_ Room temperature. Only those 
of 0.5 per cent are listed. 
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1 
1 
% 4000} 
e & 3000 
E 
2 2000 
E 
e = 1000 | 
0 
y 0.0001 0001 001 0. 
n Nominal Speed of Crosshead, in. per min. 
Fic, 5.—The Effect of Pulling Speed on the Shear Strength of Soldered Scarf Joints. 


1e Tests at room temperature, 50-50 solder on steel strip. The joint surfaces were pretinned with 50-50 solder. Scarf 
angle = 1414 deg. 
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Rate of Increase of Shear Stress, psi. per min. 
l'1G. 6.—The Effect of Rate of Loading on the Shear Strength of Joints Soldered with 50-50. 
Tests at room temperature. The joint surfaces were pretinned with 50-50 solder. Scarf angle = 141% deg. 
7000 
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Rate of Increase of Shear Stress, psi. per min. ; 
h first Fic. 7.—The Effect of Rate of Loading on the Shear Strength of Joints Soldered with Solder E 
a (30 per cent tin). 


Tests at room temperature. The joint surfaces were pretinned with solder E. Scarf angle = 14% deg. 
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tively. It should be noted that the 
shear strengths were practically the same 
for the two types of joint. 


71000 
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dered joints and in evaluating the short- 
time shear strengths of the 13 solders 
used. 
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‘Fic.8.—Effects of Time and Temperature on the Strength of Scarf Joints Made with 50-50 Solder. 


The crosshead was moved 0.06 in. per min. until the maximum load was reached. 


In view of the convenience and 
reliability of the scarf joint, it was 
decided to use it in the study of the 
factors influencing the strength of sol- 


0 Jests af OC. 
Jests at Room Temperature 
6000 Second Soldering 
| © Jests at Room Temperature 
First Soldering 
©5000 Jests at 100C. - 
H 4000 
| | 
40 60 80 100 120 40 16 4 


Time at Maximum Load, min. 
Fic. 9.—Effects of Time and Temperature on the Strength of Scarf Joints Made with Solder E. 


The crosshead was moved 0.06 in. per min. until the maximum load was reached. 


Factors Influencing the Strengths of Sol- 
dered Joints: 
Few data are available on the various 
factors which influence the short-time 
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strength of soldered joints. It has been 
shown (1, 6) that the optimum film 
thickness for soft solders is about 0.002 
to 0.005 in. Other factors were dis- 
cussed but few data were given for 
short-time tests. The following experi- 
ments were conducted to supply such 
information. 

Speed of Pulling.—Since the failure of 
soldered joints often partakes of the 
nature of creep, the speed of pulling can 
be expected to influence the strength of 
soldered joints. Figure 5 shows that 
within the limits of the tests the shear 
strength of joints in steel made with 
50-50 solder varied linearly with the 
logarithm of the nominal pulling speed. 
The strength was almost doubled by 
changing the testing speed from about 
(0.001 to 0.1 in. per min. Because the 
speed of the grips was different from the 
rate of shearing in the joint, it was not 
entirely satisfactory for specifying the 
rate of testing. 

Rate of Loading.—With standard 
equipment, the strength of soldered 
joints can easily be determined as a 
function of the rate of loading. Figures 
6 and 7 give such results for scarf joints 
in steel soldered with 50-50 and E 
solders respectively. As shown in the 
figures, the shear strength increased by a 
factor. of about two as the rate of 
frcrease of shearing stress was changed 
inom about 75 psi. per min. to 35,000 
psi. per min. 

Time Held at Maximum Load.—To 
show the importance of this variable in 
short-time tests, a series of stress rupture 
tests was made in which the time at 
maximum load ranged from 0 to 150 
min. The results of tests of scarf 
joints in steel joined with 50-50 solder 
are given in Fig. 8, and similar data for 
solder E are given in Fig. 9. The 
figures show how the shear strength 
decreases as the time under maximum 
load is increased. For example, Fig. 8 
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shows that if the joint must sustain a 
load for 15 min. at room temperature, 
that load can be only one half as great as 
the load required to break the joint in the 
usual tension test in which the cross- 
head is moved at 0.06 in. per min. 
Another noteworthy observation is 
that the order of shear strength of two 
solders may be reversed as the time of 
sustaining the load is increased. For 
example, on steel 50-50 solder was about 
6 per cent stronger than solder E in 


Temperature, deg. Cent. 


Fic. 10.—Effect of Temperature on the Short- 
Time Strength of Soldered Joints. 


"The crosshead was moved 0.06 in. per min. until the 
maximum load was reached. Steel specimens. 


the regular tension test at room tem- 
perature, but when the maximum load 
was maintained for 40 min. the joints 
made with solder E were about 30 per 
cent stronger than those made with 
50-50 solder. Maupin and Swanger (5) 
have already shown that the long-time 
creep strength of a joint made with 
low-tin solders is usually higher than 
that of a similar joint made with 50-50 
solder. 

Temperature.—The effects of tempera- 
ture on the short-time strength of joints 
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Fic. 11.—Shear Strengths 


of Scarf Joints in Copper. 


Copper strips 0. 091 in. thick, angle of scarf = 1444deg. Dotted and solid lines represent the strengths obtained with first 


and second solderings, respectively. 


Speed of crosshead = 0.06 in. per min. 


Room temperature. Only those 


elements present in excess of 0.5 per cent are listed. 
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Fic. 12.—Shear Strengths of Scarf Joints in Steel. 


Steel strips 0.125 in. thick, angle of scarf = 141% deg. 
Dotted and solid lines re resent the strengths obtained 
with first and second solderings, respectively. Speed of 
crosshead = 0.06 in. per min. Room temperature. Onl ly 


those elements present in excess of 0.5 per cent are liste 


made with solders E and 50-50 are shown 
in Fig. 10. These curves were derived 
from Figs. 8 and 9. In the usual short- 
time test (pulling speed = 0.06 in. per 
min.) the shear strength decreased from 
about 6500 to 2200 psi. as the testing 
temperature was changed from 0 to 
100 C. For rupture accomplished in 
20 min., the shear strength decreased 
from 3500 to 700 psi. as the testing 
temperature was changed from 0 to 
100 C. In the usual tension test the 
change in shear strength was about 
1 per cent per deg. Cent. change in the 
temperature of testing, whereas in stress- 
rupture tests lasting 20 min. the change 
in shear strength per degree Centigrade 
change in testing temperature was about 
1.5 per cent per degree. 

Effect of Pretinning.—The effect of 
pretinning with various solders was 
studied by testing joints in brass, copper, 
and steel after first and second solderings. 
The results are shown in Figs. 3, 4, 11, 
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and 12. Strengths obtained on first 
soldering are indicated by dotted lines 
and on second soldering by solid lines. 
By second soldering is meant the resolder- 
ing of the specimens without the removal 
of the old solder remaining after the 
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could not be attributed to pretinning, 
however, because subsequent tests of cop- 
per to copper joints pretinned without 
being strained were found to be no 
stronger then those soldered together 
without pretinning. The reason for the 
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Fic. 13.—The Effect of Temperature on the Spreading of 10 Solders on Copper. 


Flux: eutectic NHsCl + ZnCh. 


Each point is the average of four determinations. 
cm. Results for solders G and 50-50, taken from previous work (1). 
0.5 per cent are listed. 


Size of solder sample = 0.05 cu. 
Only those elements present in excess of —_ 


2.00 
Ag + 5.0 Bi 
£150 — AgrO6Bi | 
Sn 
R100 ——35n+224Ag 
G 
£050 +0 56 Sb 
0 : 
0 20 50 100 


Temperature Above Liquidus Point, deg. Cent. 


Fic. 14.—The Effect of Temperature on the Spreading of 10 Solders on Black Iron. 


Flux: eutectic NH«Cl + ZnCh. 


Results for solders No. 11 and 50-50 taken from previous work (1). 


Each point is the average of four — yo? 


Size of solder sample = 0.05 cu. cm. 
Only those elements present in 


excess of 0.5 per cent are listed. 


first test. All of these tests were con- 
ducted at room temperature with a cross- 
head speed of 0.06 in. per min. Each 
value shown is the average for four speci- 
mens. It is obvious that the joints in 
copper gave consistently higher strength 
on second soldering. This difference 


consistently higher strength of the cop- 
per joints after second soldering was that 
work hardening during the first test 
raised the yield point of the copper in 
spite of some annealing of the copper 
during the second soldering operation. 
In the case of brass and steel, however, 
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Fic. 15.—The Effect of Different Fluxes on the Spreading of Solder No. 16 on Copper. 


Each point is the average of four determinations made at 353 C. (50 C. above the liquidus point). Solder sample = 0.05 
cu. cm, 
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Fic. 16.—The Effect of Different Fluxes on the Spreading of Solder 50-50 on Copper. Sp 


a Each point is the average of four determinations made at 267 C. (50 C. above the liquidus point). Solder sample = 0.05 
cu. cm. 
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(igs. 3,4 and 12), the strength obtained 
on second soldering was not significantly 
different from that obtained on first 
soldering. This would indicate that 


there is no appreciable advantage in pre- 
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the spreading of six solders were dis- 
cussed (1). The study has been ex- 
tended here, with the same procedure, 
partly to show the relative spreading of 
solders 11, 12, 13, 14, 15, 16, G, E06, 6A, 


0.70 


Fic. 17.—The Effect of Different Fluxes on the Spreading of Solder No. 16 on Black Iron. 


Fach point is the average of four determinations made at 353 C. (50 C. above the liqudus point). Solder sample = 0.05 
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Fic. 18.—The Effect of Different Fluxes on the Spreading of Solder 50-50 on Black Iron hon 


Each point is the average of four determinations made at 267 C. (50 C. above the liquidus point). Solder sample = 0.05 
cu. cm. 


tinning brass, copper, or steel provided 
that sound joints can be obtained with- 
out it. 


Spreading Tests: 


In a previous paper the effects of 
solder composition and temperature on 


and 50-50, and partly to show the effect 
of flux composition on the spreading of 
solders. Eleven proprietary fluxes and 
four others, all listed in Table III, were 
included. The effects of temperature 
on the spreading of 10 of the solders on 
copper and black iron are shown in 
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Figs. 13 and 14, respectively. A eutectic 
mixture of zinc and ammonium chlorides 
was used as the flux. It is evident that 
_ for all of the solders except 16 the 
spreading was greater on iron than on 
copper. In general, on copper the 

_ higher the tin content of the solder the 
greater was the amount of spreading. 

On black iron, however, the tin content 

above 10 per cent seemed to make little, 

if any, difference in the spreading of 

It is evident from Figs. 13 and 14 that 

small additions of silver and bismuth 

together promoted greater spreading 
than that obtained with plain tin-lead 
solders of the same tin content. High 
soldering temperatures produced no 
greater spread of most of the solders on 

copper than did temperatures only 20 C. 

above the liquidus. In the case of the 

tests on iron, however, there was usually 

a somewhat greater spread at 100 C. 

above the liquidus than at 20 C. above 
7 the liquidus. 

The spreading of solder 16 is of 

- unusual interest because the discovery of 
satisfactory procedures for its use would 
effect the maximum saving of tin. 
Accordingly, fourteen fluxes were used 
with this solder in making spreading 
tests on copper and on iron. The same 
number of fluxes were also used with 
50-50 solder to furnish a comparison. 
The results are shown in Figs. 15, 16, 17, 
and 18. 

Flux A was three to four times as ef- 
fective in promoting the spreading of 
solder 16 as any other flux investigated. 
Approximately the same amount of 
spreading was obtained with solder 16 
and flux A on both copper and iron as 
was obtained with 50-50 solder and the 
eutectic zinc and ammonium chloride 
- flux when each solder was heated to a 
~ temperature 50 C. above its liquidus 

temperature. In the light of this result 

one might expect that sounder and 
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stronger joints would be produced with 
this flux than with other fluxes. In 
actual tests, however, no appreciable 
difference in shear strength was found 
when fluxes A and eutectic zinc-am- 
monium chlorides were used with solder 
16 on steel. For 50-50 solder, a eutectic 
mixture of zinc and ammonium chlorides 
promoted the greatest spreading on iron. 
On copper, however, three proprietary 
fluxes, M, F, and H promoted slightly 
greater spreading of 50-50 solder than 
did the eutectic zinc and ammonium 
chlorides. 


Solder Composition: 


The results of tests of joints with the 
different solders arranged in order of 
decreasing tin content are given in Figs. 
2, 3, 10, and 11. All of the tests were 
conducted at room temperature and with 
a crosshead speed of 0.06 in. per min. 
It is evident that there was little dif- 
ference between the shear strengths of 
those solders containing 15 per cent or 
more tin. Small additional amounts of 
bismuth, antimony, copper, and silver 
apparently had little effect upon the 
strengths of the solders. Although the 
joints made with solders containing 10 
per cent tin, or less, appeared to be 
relatively weak, it should be kept in 
mind that results of these tests made 
under one arbitrarily chosen set of con- 
ditions cannot be used to predict solder 
behavior under other sets of test condi- 
tions. Maupin and Swanger (5) have 
shown that a lead-silver solder was 
almost four times as strong as 50-50 
solder in a creep test at room tempera- 
ture, although in a short-time test the 
lead-silver solder was only about three 
fifths as Strong as the 50-50 solder. 

According to Figs. 3, 4, and 12 there 
was practically no difference between 
the strength of joints in steel and in 
brass. For copper (Fig. 11), however, 
the shear strength of the joints was some- 
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what lower than for brass or steel. The 
reason for this is that in the case of the 
brass and steel, the maximum load on 
the specimen was considerably less than 
that required to produce yielding (0.2 
per cent offset) in the strips, whereas in 
the case of the copper, the maximum 
load was approximately twice the load 
required to produce yielding (0.2 per 
cent offset) in the strips. It was previ- 
ously shown (1) that yielding in the 
members of the joint could be responsible 
for low values for the shear strength of 
soldered joints. The strengths of the 
various solders were in approximately 
the same order regardless of the materials 
on which they were used, but the differ- 
ences in strengths of different solders 
were less on copper than on brass or 
steel. This effect, which confirms previ- 
ous work (1), is also thought to be due 
to the yielding of the copper. 


SUMMARY 


1. Investigation was made of 13 
solders, 6 of which conformed in composi- 
tion with the requirements of current 
A.S.T.M. specifications, 9 with S.A.E. 
specifications, 6 with Federal specifica- 
tions, and a commercial 50-50 lead-tin 
solder. The melting range and density 
of each solder determined. 

2. Tests with different types of sol- 
dered joints in copper, brass, and steel led 
to the conclusion that in determining the 
relative shear strengths of solders, there 
were certain marked advantages in using 
the scarf type of joint. ‘These are: 

(a) the specimens are inexpensive and 

can be machined and soldered 
easily, 

(6) there is no bending in the specimen 

during testing, 

(c) there are no sharp changes of 

section, 

(d) the shearing area of the joint is 

definite and easily measured, 

(e) fillets are practically nonexistent, 

and 
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(f) the thickness of the solder film 
can be easily controlled by in- 
_serting short pieces of fine wire 
-forspacers. ‘This eliminates the 
necessity for machining to close 
- tolerances as required in plug 

and sleeve joints. 
The results obtained with scarf joints 


were consistent with those obtained with © 


plug and sleeve joints and with butt 
joints in thin-walled tubes tested in 
torsion. 

3. The component of normal tensile 
stress in the scarf type of joint can be 
made so small that its effect on the shear 
strength is negligible. A scarf angle of 
about 143 deg. was found to be satis- 
factory for brass and steel. Slightly 
lower values of shear strength were ob- 
tained in copper with this type of joint 
than with plug and sleeve joints and with 
butt joints in thin wall tubes, but the 
differences can be attributed to factors 
other than the form of the joint. 

4. In tests to determine the effect of 
rate of loading, speed of the moving 
crosshead, time held at maximum load, 
and temperature on the shear strength 
of joints soldered with 70-30 lead-tin 
and 50-50 lead-tin solders, it was found 
that: 

(a) the maximum shear stress obtained 

doubled as the rate of loading 
was increased from about 75 
psi. per min. to 35,000 psi. per 
min., 

(6) the maximum shear stress ob- 

. tained was doubled as the speed 
of the crosshead was increased 
from about 0.001 in. per min. 
to 0.1 in. per min., 

(c) the maximum shear stress more 
than doubled as the time of 
holding was decreased from 40 
min. to practically zero, and 

(d) in the usual tension test, the shear 
strength changed about 1 per 
cent per deg. Cent. 
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_ 5. There was very little difference in lead-tin solder and the eutectic mixture 

the shear strength of joints made with of zinc and ammonium chlorides as a 

solders containing 15 per cent or more flux. ‘The results of spreading tests in- 

tin. The fact that in short-time tests dicated that there was little, if any, ‘ 
the shear strength of joints made with advantage to be gained by using solder- 

solders containing 10 per cent or less ing temperatures higher than 20 C. 

tin was somewhat less than that of above the liquidus temperatures for the 
solders of higher tin content should not —_ low-tin solders. 


be construed as meaning that the same Small additions of silver and bismuth 

would be true in long-time or creep tests. together promoted appreciably greater sh 
Available data indicate that the reverse spreading than that obtained with tin- jo 
would be true. Small amounts of added _ lead solders of the same tin content. al 


elements such as bismuth, cadmium, dements: T 


copper, and silver apparently have little by 

effect upon the shear strength of joints The authors sp 
members of the Engineering Mechanics 

at room temperature. Section of the National B f st 

6. In general, with the eutectic mix- 2°" © ee M 


Standards for valuable suggestions, to 
the Pyrometry Section for determining ” 
the freezing ranges of the solders, and 


ture of zinc and ammonium chlorides as 
a flux, the higher the tin content of the 


spreading on copper. With the same ty Pe of 
sp g pper. the fluxes. The authors also gratefully 
flux, the spreading on black Iron Was acknowledge their indebtedness to Miss 
7 practically independent of the tin con- [ura Fowkes whose skill in soldering and ti 
7 tent for solders containing 10 per cent or testing most of the joints and in carrying al 
: more tin. However, with one proprie- out the spreading tests greatly expedited of 
7 tary flux and lead-silver solder approxi- the investigation and contributed largely oe 
- mately the same amount of spreading to the reliability of the experimental 
was obtained as was obtained with 50-50 results. sh 
de 
REFERENCES th 
(1) J. A. Kies and Wm. F. Roeser, “The (6) A. R. Maupin and W. H. Swanger, lol 
Testing and Properties of Low-Tin Solders “Strength of Soft-Soldered Joints in Copper - 
Listed in Recent Federal Specifications,” Tubing,” Report BMS58, September 20, 
Proceedings, Am. Soc. Testing Mats., 1940, U. S. Superintendent of Documents, 
I 
Vol. 43, pp. 600-614 (1943). Washington, D. C. Re 
(2) JL R. Freeman and G. W. Quick, “Tensile (7) T. B. Crow, “Some Properties of Soft tir 
Properties _of Soldered Joints Under Soldered Joints,” Journal, Society of the an 
Prolonged Stress,” Metal Industry, Vol. 24, Chemical Industry, Vol. 43, pp. 65T-70T 
pp. 7-10 (1926). (1924). f 
(3) R. L. Dowdell, M. E. Fine, F. J. “Elliott, 
and I. C. Mattson, “A New Soft Solder, (8) F. N. Khines and W. A. Anderson, “Sub es 
d stitute Solders,” Metals and Alloys, Vol. 
Leat-Arsemic-Antimeny, Side Fvegress, 14, No. 5, November, 1941, pp. 704-711. wa 
Vol. 43, No. 1, January, 1943, pp. 56-59, 96. ; ; Aas i sts 
(4) S. J. Nightingale and O. F. Hudson, “Tin (9) R. Chadwick, The Influence of Surface : 
Solders,” British Non-Ferrous Metals Alloying on the Strength of Soft Soldered to 
vn Assn., 2nd edition, London Joints,” Journal, Institute of Metals, lor 
— London, Vol. 62, pp. 277-305 (1935). ofl 
(5) A. R. Maupin and W. H. Swanger, (10) A. W. Hothersall, D. W. Hopkins, and pe 
“Strength of Sleeve Joints in Copper G. L. Evans, “Factors Affecting the ti 
Tubing Made with Various Lead-Base Strength of Soldered Joints Made from es 
Solders,” Report BMS83, May 5, 1942, Electrotinned Steel Sheet,” The Iron and | 
z U. S. Superintendent of Documents, Steel Institute, Advance Copy, February, sery 
Washington, D.C. 1944, 


| 
| 


Mr. Artuur R. Mavpin.'—Results of 
short-time tests on solders and soldered 
joints can -be very misleading because 
almost any result may be obtained. 
This paper itself points out the fact that 
by varying the rate of extension of the 
specimen the indicated maximum shear 
stress may be more than doubled. 
Many other factors, such as the type of 
joint used, etc., are of importance. 

Soldered joints in general, when in 
service, are subjected to sustained loads, 
often at elevated temperatures, such as 
in hot water and steam lines, tanks, cans, 
rotating parts of machines, etc. The 
tin-lead solders in general are plastic at 
all practical temperatures and the rate 
of creep may be very high at elevated 
temperatures or for heavy loads. 

The maximum safe stresses that 
should be used for rating solders and for 
designing soldered joints subjected to 
these conditions are those obtained by 
long-time tests for loads at various tem- 
peratures, known as creep tests. 

The National Bureau of Standards’ 
Reports BMS 58 and 83 show how long- 
time tests were conducted using sleeve- 
and rod-type joints. 

These tests showed that the strength 
of a joint by short-time tests at room 
temperature, made with 50-50 solder, 
was eighteen to twenty-four times the 
strength of an identical joint subjected 
to long-time tests. Comparison of the 
long-time and short-time tests for many 
other solders showed that the maximum 
permissible shear stresses from the short- 
lime tests were many times those from 


‘Consultant, Tin-Lead, Solders and Babbitts Con- 
servation Div., War Production Board, Washington, D.C. 
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the long-time and, furthermore, no rela- 
tionship between the two was found. 
This conclusion also is indicated in this 
paper in the tests on “effects of time and 
temperature.” 

Conservation restrictions on tin in 
solders have caused lower tin solders, 
such as 5 per cent to 35 per cent tin 
solders and lead-silver solders, to be 
used where higher tin solders once were 
used. Many industries and solder users 
object to the high-lead solders (and some 
refuse to use them) because of indicated 
low strength. Short-time tests show 
that these solders are weaker than high 
tin. Former long-time tests showed the 
reverse results—that high lead solders 
are stronger than high tin, and this also 
is indicated by tests in this paper. 

This is a very interesting and well pre- 
pared paper on short-time tests. Short- 
time tests have some significance, but in 
most cases they may be misleading for 
they tell very little about soldered joints 
and how they may actually behave in 
practice. Unless short-time tests can be 
used to predict long-time conditions, 
they may lead to dangerous conclusions. 

The tests that show flux number “A” 
(45 per cent ZnCh, 5.3 per cent NH,Cl, 
3.7 per cent SnCl, in water vehicle) to 
be very satisfactory for the silver-lead 
solder are highly welcomed. The main 
problem with this high-melting solder 
has been selection of a suitable flux. 

Mr. W. F. Roser? (author’s closure, 
by letter). The limitations of short-time 
tests of soldered joints were recognized 
and pointed out in the paper. 


2 Principal Metallurgist, National Bureau of Stand- 
ards, Washington, D.C. 
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There has been and still is a general 
feeling among many users of solders 
that satisfactory joints cannot be made 
with low-tin solders. As a matter of 
fact Mr. Maupin states in his discussion, 
—‘Many industries and solder users 
object to the high-lead solders (and some 
refuse to use them) because of indicated 
low strength. Short-time tests show 

that these solders are weaker than 
high tin.” 

One of the useful purposes of short- 

time tests of soldered joints, that Mr. 
Maupin has not acknowledged, is that 
they may be used to show that satis- 
factory joints can be made with low-tin 
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solders. Some data have been pub- 
lished which indicate that joints made 
with low-tin solders were not as strong 
as those made with the higher tin 
solders. However, the results obtained 
in this investigation show that there is 
very little difference in the shear strength 
of joints made with solders containing 
15 per cent or more tin. As _ these 
results were obtained in short-time tests, 
and as other investigations have shown 
that the low-tin solders were stronger 
than the higher tin solders in long-time 
tests, we fail to see any justification for 
any claim that the lower tin solders are 
weaker than the higher tin solders in 
any respect. 
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SYMPOSIUM ON ANALYTICAL COLORIMETRY AND PHOTOMETRY 


> 


OPENING REMARKS By G. E. F. LuNDELL} CHAIRMAN OF SYMPOSIUM COMMITTEE 


All who have followed applied chem- 
ical analysis appreciate the strain that 
modern industrial requirements placed 
on chemical analysis following the turn 
of the century. The enormous number 
of determinations demanded, and the 
time allowed for them, threatened com- 
pletely to swamp chemical analysis. 

From the analyst’s search for simpler 
and more rapid methods have come 
physical methods, such as _ emission 
spectrographic, and chemico-physical 
methods, such as potentiometric, col- 
orimetric, and photometric, that require 
little or no chemical treatment. 

The rapid improvement, within recent 
years, of apparatus for measuring the 

1Chairman of Committee E-3 on Chemical Analysis 


of Metals, and, Chief, Chemistry Div., National Bureau 
of Standards, Washington, B.C. 


absorption of light by aqueous solutions, — 
and the development of superior meth- — 


ods of test based on the use of such 
apparatus, have led to a constantly 


increasing use of photometric methods — 


in analytical chemistry. 


Committee E-3 cn Chemical Analysis — 
of Metals considered that it would be — 


helpful if a symposium were held on this 
important development in chemical anal- 
ysis. The papers to follow cover prin- 
ciples, apparatus, and applications. 


These include topics such as light, the | 


deviation and use of laws, chemical 
principles, photoelectric cells, glass fil- 
ters, filter photometers, spectropho- 
tometers, the use of photometric methods 
in testing certain ferrous and non- 
ferrous metals, and a selected bib- 
liography. 
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~INTRODUCTION—TRENDS IN ANALYTICAL CHEMISTRY 
By B. L. CLARKE! 


Committee E-3 is unique in the 
A.S.T.M. in that we are all primarily 
chemists. We have this in common with 
the Division of Analytical and Micro- 
chemistry in the American Chemical] 
Society, that we are concerned with 
increasing the knowledge of the chem- 
ical principles underlying analysis. But 


as we function in the A.S.T.M., the 
emphasis is on application. The straight- 
forward objective of Committee E-3 is 
to devise techniques and apparatus that 
will permit the most efficient analysis 
of metallic systems for the components 
and with the accuracies designated in 


A.S.T.M. specifications. Thus our ob- 
jective is narrower than that of our 
prototype in the Chemical Society. But 
it is clear that we of this Committee 
would be disastrously handicapped in 
the practical application of chemical 
principles to our problems if we did not 
possess the theoretical and academic 
background that is connoted by the 
American Chemical Society, and if we 

_ were deprived of the current and con- 
tinuing association with those colleagues 

_ of ours in that society whose activities 
belong within the sphere of pure science. 
This Symposium on Analytical Col- 
orimetry and Photometry is illustrative 
of current trends in analytical chem- 
istry. In other words, the trend in 
analytical chemistry is definitely toward 
instrumental methods. In the last cen- 
tury, when analytical chemistry was a 
neglected stepchild of the science, the 
* ~ 1 Chairman of the New York Section of the Am. Chem- 


York, N. Y. 


chief handicap of analysts was the lack 
of special apparatus and equipment con- 
sciously designed for the peculiar 
requirements of their work. 

That handicap is now being overcome 
so rapidly that I sometimes wonder 
whether the whole character of the 
profession of chemical analysis is not 
undergoing revolutionary changes that 
are not fully recognized as such. In 
what some of us might be inclined to call 
the “good old days,” an analytical 
chemist was considered to be well 
trained if he knew his fundamental 
chemistry and was able to adapt the 
beakers, test tubes, and crucibles of his 
synthesist colleagues to his special prob- 
lems of manipulation. 

But nowadays, with our polarographs, 
spectrographs, spectrophotometers, elec- 
tron microscopes, mass spectrometers, 
etc., the analyst will be quite lost if his 
training and experience have stopped 
there. He must, in addition, possess 
some of the skills of the physicist, the 
astronomer, and the mechanical, elec- 
trical, electronics, electro-optical, and 
possibly stationary engineer. And it 
is quite essential that he be a good sales- 
man, since these modern analytical 
instruments are expensive and research 
directors have to be convinced. 

Quite seriously, it is apparent to us, 
and I hope it soon becomes so to the 
colleges, that a curriculum adequate a 
few years ago for training analysts is 
now grossly inadequate. It is greatly 
to our interests to see that these curric- 
ula are modernized. For one thing, 


Yon Soc., and, Bell Telephone Laboratories, Inc., New 
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physicists are being seen more and more 
manning instruments in analytical lab- 
oratories because available chemists have 
not the right kind of training. If we 
do not want to see the physicists preempt 
a field which should remain our own, 
we must see to it that chemists receive 
the right kind of training. 


ANALYTICAL CHEMISTRY 


The trend in analytical chemistry is 
obviously towards instrumental meth- 
ods. Not so obvious, perhaps, is that 
the trend in the training of analytical 
chemists is not sufficiently parallel. 
I submit that it is of great importance 
to establish such a parallelism. | 
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COLORIMETRIC ANALYSIS AND BEER’S LAW 


By Joun L. Hacue! 


_ Analytical colorimetry is not a new 
subject. The “laws” to be discussed in 
this paper have all been formulated be- 
fore. Rather, they are the type of thing 
that one is inclined to take for granted. 
A short review may, therefore, be an 
aid in considering the other papers of 
this symposium, as well as avoiding some 
repetition in the treatment of Beer’s law. 
As an illustration, the laws governing 
the absorption of radiant energy by 
solutions were demonstrated 75 yr. and 
more ago. ‘Texts describing the use of 
colorimetric methods as applied to ana- 
lytical chemistry date from 1873 (12). 
Perhaps the recent interest in analytical 
colorimetry can best be attributed to the 
development in the last decade of more 
or less reliable photoelectric devices 
which enable one to evaluate the energies 
involved in a reasonably reproducible 
and objective fashion. ‘The intent is to 
present the principles of Bouguer’s and 
Beer’s laws ina form suitable to explain- 
ing their application to such instruments. 
As most of our laws are formulated 
from data taken in the laboratory, we 
should first state something concerning 
the general conditions under which the 
measurements are made. If a beam of 
radiant energy of intensity /, is directed 
toward a homogeneous substance, a part 
(Ix) of the energy will be reflected or 
otherwise lost, a part (J4) will be ab- 
sorbed by the medium, and a part (J 7) 
will be transmitted. In general, then, 
we may say that: 
(1) 


1 Chemist, National Bureau of Standards, Washing- 


ton, D. C. 


In analytical colorimetry one usually 
finds it necessary, as in gravimetric or 
volumetric analyses, to run a blank de- 
termination to correct for reflection 
losses, impurities in the reagents, etc. 
In general, the practice of taking the 
initial reading through this blank solu- 
tion has come into common use. Under 
these conditions, we generally assume 
that reflection losses are canceled, and 
Eq. 1 can be modified as follows: 


If a monochromatic beam of radiant 
energy is directed through a homogeneous 
body, it has been demonstrated that, if 
correction is assumed for reflected light, 
the ratio of the energies of the trans- 
mitted and incident beams will be con- 
stant and independent of the absolute 
value of J,. For a unit thickness, 
arbitrarily 1 cm., of the absorbing 
medium, we may use the following 
expression: 


where / = transmissivity of absorbing 
medium. 

In Eq. 3, we have arbitrarily limited 
ourselves to a unit thickness of the 
absorbing medium so that it becomes a 
matter of interest to determine to what 
degree the transmitted energy varies 
with the thickness of the absorbing 
medium. ‘To illustrate the point, Fig. 1 
proposes a series of unit absorbing 
mediums so constituted that each of 
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itself will transmit (and absorb) one half 
of the incident (J,, assuming no reflec- 
tion losses) radiant energy striking it. 
Each unit in the series will then transmit 
one half of the radiant energy incident 
upon it, and the radiant energy trans- 
mitted by the series will decrease in a 
geometrical progression expressed by the 
following equation: 


| 
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where # = number of unit absorbing 
mediums. 

In the more general case illustrated 
in Fig. 2, we shall assume that, for 
some homogeneous body with the trans- 


n= | 2 3 4 5 _ 
Io ; 


Fic. 1.—A Specific Example of the Transmission 
of Radiant Energy. 


mitting capacity, or transmissivity, ¢, 
the portion of the incident energy trans- 
mitted at any point / distant in the 
absorbing medium can be expressed by 
the general equation: 


which may be simplified into the form: 


|= 


logio l logio t= —x«l. 


where kappa, x, the extinction coeffi- 
cient, is equal to —logiof. In practice, 


the ratio 7 is sometimes called trans- 


mittancy, and X 100 = = 


percentage transmittancy. In this case 


Ir refers to that part of a beam of 
radiant energy transmitted by the test 
solution, and J, refers to that part 
transmitted by the blank or solvent. 


I; . 
The quantity —logio is sometimes 


Io’ 
called density, D, or extinction, EZ. In 
general, 


k= D=E= 
Io 


log 
transmittancy 


Our primary interest is, of course, in 
knowing how the absorption of light 
varies with the concentration of a solu- 


Fic. 2.—A General Example of the Transmission 
of Radiant Energy. 


tion. Beer (1)? has shown that it is a 
matter of indifference with many solu- 
tions whether the concentration or 
thickness is varied, because the absorp- 
tion is dependent on the number of 
absorbing molecules. In short, it may 
be shown that in such cases the relation 
between transmittancy and concentra- 
tion is of the same form as that for 
transmittancy and thickness, and hence: 


The numerical value of epsilon, ¢, will 
depend upon the method of expressing 
the concentration; if we express the con- 
centration in moles per liter (molar), 
then at 1 cm. cell thickness, € may be 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 717. 
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coefficient. 

In the development of the formulas 
already given, we have imposed two 
experimental conditions: (/) the incident 
energy shall be monochromatic in char- 
acter, and (2) the incident energy shall 
be measured through a “blank.” As 
regards the first condition, with the 
possible exception of a few instruments 
designed to use mercury-vapor-lamp line 
spectra, we do not realize a strictly 
monochromatic source, although some 
spectrophotometers do isolate band spec- 
traof1to10mypwidth. In general, filter 

photometers of the photoelectric type 


“ca the molar, or molecular, extinction 


-O.3- 
0.2+ 
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Fic. 3.—Density-Concentration Analytical 
Curves Illustrating Conformance to 
Beer’s Law. 


and some of the spectrophotometers 
designed for analytical work isolate 
much wider bands, and depend on a 
stable combination of illuminant, filter 
or monochromator, and spectral sensi- 
tivity and illumination-current relation- 
ship of the measuring cell to give re- 
d producible results. If any of these con- 
\: ditions change sufficiently, the useful- 
ness of the instrument’s calibration curve 

or constant is lost, and the instrument 

- must be recalibrated for the particular 
determinations concerned. In addition, 
as the width of the isolated spectral 
band increases, such instruments suffer 

‘ from the fact that the spectral selec- 
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tivity of the solution being measured 
may seriously alter the spectral char- 
acteristics of the radiant energy reaching 
the photocell, particularly for measure- 
ments made at a wave length where the 
transmittancy of the absorbing solution 
changes rapidly with change in wave 
length. As a result, such solutions may 
sometimes appear not to obey Beer’s 
law, although with sufficiently mono- 
chromatic light the solutions may, in 
fact, obey Beer’s law (5). 

Concerning the second condition, one 
can obtain satisfactory results by setting 
the 100 per cent transmittancy point 


Transmittancy, T, per cent 


Concentration , C 


4.--Transmittancy-Concentration Analyti- 


cal Curves Illustrating Conformance to 
Beer’s Law. 


through the blank (for the type of calcu- 
lation employed, see the paper by Miiller 
(6) ), but such a system of measure- 
ment requires that a blank be available 
at the time a measurement is to be made. 
Furthermore, even when measurements 
are made against a blank, particularly in 
the analysis of iron and steel and certain 
of the non-ferrous alloys if separations 
are not made, the calibration curve does 
not pass through the origin, owing to 
the absorption of a constant amount of 
radiant energy by the major element or 
for other reasons. For example, curves 
of the type illustrated by the solid lines 
in Figs. 3 and 4 are obtained, and such 
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curves can be described by a modification 
of Beer’s law (3): 


logiol’2 — = —el(C2 — Cy). .(7) 


or 


— D, = d(C. — CG) 


The slope of the line (the instrument 
constant for a determination) for a 
particular cell length can be determined 
by measuring the transmittancy (or 
density) of two solutions, one with as 
low a concentration of the element 
being determined as is practical, and the 
other near the upper limit of the usable 
portion of the line. These curves may 
be recalculated to a zero concentration, 
100 per cent transmittancy (or pref- 
erably to a zero concentration, zero 
density) origin, because the concentra- 
tion is then directly proportional to 
density if one can correct for this “back- 
ground blank.” Values can be easily 
obtained by multiplying the observed 
density values by some constant suitable 
to the determination at hand. In gen- 
eral, we have preferred to make our 
determinations by setting the zero den- 
sity or 100 per cent transmittancy point 
against water or some other suitable 
reference liquid, and to determine the 
concentration by use of such a constant 
or “factor.” Values obtained in this 
way are then corrected for a blank (both 
chemical and background) determined 
on a sample of like type containing none, 
or a low known concentration, of the 
element being determined. The ad- 
vantage of such a system is that the 
blank need be determined only occa- 
sionally or if a new lot of reagents is used. 
Such a system is, however, restricted to 
solutions giving a reproducible “back- 
ground,” and the use of a “factor” is 
further restricted to solutions that obey 
Beer’s law. 


For example, data of the type given by J. L. 
Hague and H. A. Bright, in the Journal of Re- 
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search, Nat. Bureau Standards, Vol. 26, No. 5, 
p. 409 (1941), for determinations of phosphorus 
are used in the following manner: 

A transmittancy value (%7;) of 94.5 per 
cent was observed for National Bureau of Stand- 
ards standard sample of ingot iron 55a, which 
contains 0.004 per cent (C,). of phosphorus. A 
transmittancy value (%T7>2) of 45.0 per cent was 
observed for National Bureau of Standards 
standard sample of steel 8e, which contains 
0.099 per cent (C2) of phosphorus. Substituting 
in the equation, logie %T2 — logi = 


log = 1.9754, = 0.004 
log %T2 = 1.6532, C2 = 0.099 
_ 08 — log 


_ 1.6532 — 1.9754 
~ 0.099 — 0.004 


= —3.39 


A concentration (percentage of phosphorus, 
uncorrected for blank) versus transmittancy 
table may be calculated by substitution of ob- 
served transmittancy values (%Tots) calculated 
to a 100 per cent transmittancy origin: 


ve log 100 — log %T obs 
3.39 


For standard sample 55a, considered as a 
blank determination, 


— 1.9754 
C= oe = 0.007 per cent 


Since the sample used in determining the 


blank contains 0.004 per cent phosphorus, the 
actual blank is: 


0.007 — 0.004 = 0.003 “per cent phosphorus” 


For standard sample 8e, considered as an 
unknown sample: 


The corrected value for phosphorus is then: 
0.102 — 0.003 = 0.099 per cent phosphorus 


Actually, the calculations are usually much 


simpler, since most instruments designed for — 


analytical determinations are now equipped with 
density, extinction, or other logarithmic factor 
scales; and properly so, as the analyst is con- 
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cerned primarily with the radiant energy ab- 
sorbed by the solution. Under such conditions, 
we may visualize the example as follows: 

A density value (D,) of 0.025 corresponds to 
National Bureau of Standards standard sample 
55a, which contains 0.004 per cent (C,) of 
phosphorus. A density value (D2) of 0.347 cor- 
responds to National Bureau of Standards 
standard sample 8e, which contains 0.099 per 
cent (C:) of phosphorus. Substitution in the 
equation D, — D, = k (C, — CG): 

(0.347 — 0.025) _ 


= ~ = 3.39 
(0.099 — 0.004) 


In practice, the reciprocal of k is used as the 
instrumental “‘factor:” 


1 1 
3.39 0.295 


For standard sample 55a, which contains 
0.004 per cent phosphorus, considered as a 
blank: 


0.025 & 0.295 = 0.007 
0.007 — 0.004 = 0.003 = blank 


For standard sample 8e, considered as an 
unknown sample: 
0.347 * 0.295 = 0.102 (uncorrected) 


0.102 — 0.003 = 0.099 (phosphorus value cor- 
rected for the blank) 


A second system, sometimes called 
the “difference” method (13), depends 
on the additive nature of density values 
if measured under the same spectral 
conditions. Such a system is applicable 
regardless of variation in “background” 
density if the color due to the elements 
being determined can be “bleached” by 
the addition of a suitable reagent with- 
out affecting the color of the other ele- 
ments present (9). Or, at times, a 
suitable solution of the sample may be 
prepared without developing the color 
reaction of the element being deter- 
mined (2). Other variations are also 
possible (10), but in any case, the 100 
per cent transmittancy (or zero density) 
point is usually set on this “bleached” 
or “undeveloped” sample, and the trans- 
mittancy of the test solution determined. 
A separate blank, if necessary, should be 


run under the same conditions to correct 
for any impurities in the reagents. If 
the solutions obey Beer’s law, the curves 
may be recalculated and a factor used 
as in the previous case. Such a system 
is, however, usually applicable to solu- 
tions which do not appear to obey Beer’s 
law, when results are read from a graph 
prepared from data obtained from sam- 
ples containing known amounts of the 
element being determined and treated in 
the same way. This method of cor- 
recting for a variable background is of 
general application under proper condi- 
tions, and does not require the analyst 
to know the actual percentages of the 
interfering elements. 

The discussion to this point has, of 
course, presupposed that the analyst has 
so developed his chemical procedure that 
the measured absorption of radiant 
energy is specific for the element being 
determined, and that any color produced 
is not given by any other element present 
or likely to be encountered in the ma- 
terial being analyzed. Such a require- 
ment as to specificity is also common to 
other methods of analysis claiming to 
give accurate values. (A precise value 
may be seriously in error, if some other 
element gives a similar reaction, or in- 
hibits the reaction in question, unknown 
to the analyst.) Many determinations 
are made, therefore, using specific, repro- 
ducible, chemical procedures, by com- 
paring the data obtained with empirical 
calibration curves prepared under the 
same conditions and not obeying Beer’s 
law. 

Two elements reacting with the same 
reagent may give, on occasion, solutions 
whose absorption characteristics are 
sufficiently different that a wave length 
can be chosen for measurements on each 
element independently, and such solu- 
tions offer no practical difficulties. (For 
an example applied to rare earth mix- 
tures, see the paper by Rodden (8).) 
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Usually, however, the absorption char- 
acteristics of each overlap the other, and 
resort must be made to indirect methods. 
It has been shown that density measure- 
ments at two suitable wave lengths will 
suffice for a two component system, 
provided that each component obeys 
Beer’s law for the two wave lengths 
chosen. (For an example of the general 
case of multicomponent systems, see 
Twyman and Allsopp (12). For an 
example of the type of calculation em- 
ployed in the practical case, see the 
paper by Knudson, Meloche, 
Juday (4).) 

Such systems have had general use in 
other fields of analytical chemistry, 
particularly organic and biochemistry, 
but do not appear to have received much 
attention in metallurgical analysis. A 
few examples should be noted. H. Pinsl 
(7) has proposed a method for the deter- 
mination of titanium and vanadium 
based on the colors produced with 
hydrogen peroxide, making density meas- 
urements at the 436 and 546 my (or 
578 my) mercury lines with a Pulfrich 
“step-photometer.” 


and 
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tem for such mixtures is also given. A 
method somewhat similar in principle, 
although employing graphical curves, 
has been proposed (11) for the deter- 
mination of manganese and chromium, 
based on the colors produced by am- 
monium persulfate in the presence of 
silver catalyst. 

Much could be said regarding the 
reasons why solutions do not obey 
Beer’s law, as well as certain aspects of 
the accuracy of the systems of measure- 
ment incommon use. The fact remains, 
however, that many thousands of satis- 
factory determinations a year are being 
made in the iron and steel industry 
alone by colorimetric methods, many 
with little regard to the foregoing, sam- 
ples and standards being run by the 
same procedure and compared either 
visually or photoelectrically. A _ little 
regard for the physical and chemical 
principles of photoelectric absorptiom- 
etry should, in many cases, allow optical 
corrections to substitute for chemical 
separations with a resultant speeding up 
of the work, ) and with — if any, loss 
inaccuracy. 
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FILTER PHOTOMETERS 
By A. E. RuEHLE! 


Spectrophotometry has been defined” 
as the measurement of relative radiant 
energy as a function of wave length. In 
analytical work, however, a_ spectro- 
photometer is usually used to select only 
a single portion of the spectrum and to 
measure the intensity of the radiant 
energy selected in arbitrary units. A 
filter photometer, by this definition, is 
an abridged spectrophotometer, which 
selects the portion of the spectrum to be 
measured by filtering out all other por- 
tions to which the detection device em- 
ployed is sensitive. (Schematic dia- 
grams of two types of filter photometers 
are shown in Fig. 1.) In chemical analy- 
sis, therefore, a filter photometer may 
enjoy the same advantages and may be 
subject to the same limitations as prism 
or grating spectrophotometers, except 
that additional limitations are imposed 
by virtue of the greater spectral band 
width selected by the filter and the 
limited number of suitable filters avail- 
able. To offset these limitations, a 
simpler and less expensive instrument 
can be made, which for many purposes 
is the equal of the more complex instru- 
ments. It is the aim of this paper to 
examine these limitations from the stand- 
point of preventing misapplication of a 
very worthwhile tool. 

Let us consider what might reasonably 
_ be expected from a good spectrophoto- 
meter, as applied to photometric analy- 
sis, and see how a filter photometer 
meets our requirements: 


1Chief Chemist, Austin Magnesium Plant, Inter- 
7 national Minerals and Chemical Corp., Austin, Tex. 
2 Committee Report, Journal Optical Soc. Am., Vol. 10, 
op. 169 (1925) 


1. Narrow portion of the spectrum selected, 
ideally monochromatic light. 

2. Relative freedom from stray (unwanted) 
light at all wave lengths. 

. High accuracy on the intensity scale. 
A.—Methods of Intensity Variation 

(a) Calibrated aperture 
(b) Calibrated polarizing prisms 
(c) Calibrated wedge 
(d) Calibrated length of cell 
(e) Calibrated concentration of sample 
B.—Detection Devices 
Eye 
(b) Photographic plate 
(c) Photocell with or without amplifier 
(1) Barrier layer cell 
(2) Phototubes 

. Objectivity. 

. Speed. 

A.—Fase of reading wave lengths and in- 
tensity scales. 

B.—Simplicity (not too many gadgets). 

C.—Wide choice of cell lengths. 

D.—Fase of cleaning cells. 

. Range from 200 to 1000 my, with ready 
selection of desired wave length. 

. Sensitivity—good for low intensities. 

. Ruggedness and compactness—optically, 
electrically, and mechanically stable enough 
to stand routine use by unspecialized oper- 
ators, yet not unduly bulky. 

. Versatility—should be usable for 
mission, reflection, and fluorescence. 

. Cost—should be as low as is consistent with 
first quality workmanship and materiais. 


trans 


In regard to points 3, 4, 5, 7, 8, 9, 
and 10, filter photometers for certain 
chemical analyses can be equal to, or 
superior to, the ordinary prism or grating 


instruments. Advances in producing 
filters, as described in Gage’s paper in 
this symposium,’ promise a_ partial 
answer to point 6. The greatest limi- 


3 See p. 720. 
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RUEHLE ON FILTER PHOTOMETERS 


tations of filter photometers, therefore, 
appear to be imposed by the imperfect 
selection of light of high spectral purity 
inherent in the use of filters. 

If the spectral region selected by the 
filter is exactly at the peak of the ab- 
sorption band of the substance being 
measured, maximum sensitivity and ac- 


ABCODEF 
Two-Gell Type 


A BCOEF J 
Single-Gell Type 


D—Absorption cells. 
E—Filters. 
F—Photocells. 
G—Galvanometer. 


_ Fic. 1, Diagrams of Filter Photometers. 
H-—Zero adjustment. 
/--Slide wire resistance. 


A—Light source. 

B—Lens. 

C—Slits. 

J—Milliammeter. 

Dotted line represents the light path. 4 

Solid line represents the electrical circuit. 
curacy for the analysis will be possible. 
However, if the absorption band is nar- 
row, or the limitations of range for the 
instrument make it necessary to make the 
measurements on the side of the ab- 
sorption band, sensitivity will be lost 
and the Lambert-Beer law will appear 
not to be followed. Light passed by the 
filter in regions other than at or near 
the peak of the absorption band _ is 
“stray light” in its effect on the analyti- 


cal curve just as surely as is an internal 


reflectionintheinstrument. Theanalyti- 
cal curve will generally be nonlinear to 
an extent dependent upon the amount of 
stray light reaching the detector. In 
passing, it is easy to see why the ordinary 
colorimeter is relatively limited in both 
sensitivity and accuracy, since it depends 
upon differences in transmission of the 
whole visible spectrum with changes in 
concentration. The percentage change 
in the whole is much less for a given 
change in concentration than is the per- 
centage change in the region where the 
maximum absorption occurs. 

Fortunately the absorption bands of 
the majority of colored compounds of 
analytical interest are broad, so that 
excellent results are possible in a very 
large number of cases. Even where 
conditions are not perfect, the only ill 
effect may be a small loss in relative 
sensitivity and a nonlinear analytical 
curve, requiring extra points for cali- 
bration. It should, however, be pointed 
out that the chance of interference due 
to other colored components in the solu- 
tion is greater, not only because of the 
broader spectral region selected but be- 
cause the unwanted light passed by the 
filter may be absorbed by the interfering 
compound more in one case than in 
another. 

In applying a filter photometer to a 
new analysis it is wise to determine the 
absorption curves of the colored com- 
pound and of possible interfering com- 
pounds as accurately as possible with the 
best spectrophotometer available, after 
which a proper choice of filters will fre- 
quently permit application of the filter 
photometer to rapid routine determina- 
tion with a high degree of accuracy. 

4M.N. States and J. C. Anderson, ‘The Significance of 


Stray Light in Photoelectric Filter Photometers,” Jour- 
nal Optical Soc. Am., Vol. 32, p. 659 (1942). 


| 
a 

o-() 2800 
| 
h 
‘ 
| | 


GLASS PHOTOMETRIC FILTERS 


By O. A. GAGE! 


The making of colored glass is an art, 
and an especially difficult one if hue is to 
be carefully controlled. The coloring 
agents are limited to certain metallic 
oxides which react differently with vari- 
ous glass bases. The hue in all glasses 
is determined by the amount of the 
coloring agent present. In some glasses, 
however, the color is dependent not only 
on batch but also on the heat treatment 
given the glass. From a certain batch a 
glass can be obtained which may be 
clear, yellow, or red, depending on the 
way it is handled after forming. 

In a discussion of filters, it is necessary 
to define the term “transmission.” Un- 
fortunately, this word has different 
meanings in current literature. ‘Trans- 
mission” will be considered here as the 
ratio between the light that leaves the 
glass to the light that is incident upon it. 
Thus all losses are taken into account. 
The most important of these are reflec- 
tion losses at the two surfaces and ab- 
sorption in the glass itself. In some dis- 
cussions, the word ‘‘transmission”’ does 
not include in the losses those due to re- 
flection. For example, with glass index 
of refraction of 1.5, the transmission, as 
defined in this article, cannot exceed 92 
per cent, even with no absorption or 
losses other than reflection. If surface 
reflection is not considered, the value 
then becomes 100 per cent for a perfect 
glass. 

The absorption bands of glass are in 
most cases broad. For colorimetric 


1 Manager, Optical Sales Dept., Corning Glass Works, 


Corning, N. 
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work, limited regions are needed and a 
monochromatic light is highly desirable. 
The most successful way to obtain 
monochromatic light with a glass filter is 
by using gaseous light-sources and suit- 
able filters to isolate one of the visible 
spectral lines. This is most effective but 
gives a limited number of wave lengths. 

The Christiansen filters also give 
monochromatic light for a number of 
different wave lengths, but they have 
certain limitations. 

Glass filters may be used with continu- 
ous light sources to obtain narrow band 
filters. The maximum transmission will 
be low, but modern amplifying equip- 
ment overcomes this. 

Figure 1(a) gives the transmissions of 
a number of filters that absorb short 
wave length radiant energy with cutoffs 
distributed over the visible spectrum. 
Figure 1(b) gives a series of the reverse 
type, but the cutoffs are not so abrupt. 
A series of narrow band transmissions can 
be obtained by combining the figures of 
these two groups. Results are shown in 
Figure 1(c). 

Of interest in colorimetry are the 
curves for green glasses shown in Fig. 2, 
those for ambers and yellows without 
sharp cutoff shown in Fig. 3, and those 
for a minus green group shown in Fig. 4. 
The didymium filter, Fig. 5, with its 
narrow absorption bands of very low 
transmission is especially useful. 

It should be remembered that all of 
these filters have infrared and may have 
some ultraviolet transmission. Figure 
6 gives the total transmission of a narrow 
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band filter which has a very considerable the surface is so etched, it can be re- 

transmission in the infrared. This en- claimed by repolishing. 

ergy may be absorbed by the receiver. The permanency of the hue of colored | 
There is a general idea that glass is not glasses is good. Up to date, there is no 

affected by water. Unfortunately, that evidence of a hue change in properly — 
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Fic. 1.—Transmission of Filters. _ 


is not true of all glasses. In avery few chosen glasses, although colors of this — 

cases the surface of the filter may be at- type have been used under exacting con-— 

tacked by atmospheric moisture. When ditions in railway, ship, and air service 
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for years. Changes in temperature, As indicated earlier, the most serious 
however, will produce changes in hue. problem is the control of chromaticity 
As the temperature increases, the ab- fromshipment to shipment. This is due 
ts 
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Fic. 2.—Transmission of Green Glasses. 
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Fic. 3.—Transmission of Amber and Yellow Glasses. 
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Fic. 4.—Transmission of “Minus Green’’ Glasses. 


sorption bands become wider. This ef- to the fact that there is a change in this 

fect is especially evident in the reds and characteristic from melt to melt, despite 

ambers of Fig. 1(a). all the care which may be taken. One 
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way of supplying similar glass is to assign 
a number to each melt and obtain a spec- 
trophotometric curve for that melt. If 
the user gives the glass and the melt 
numbers, then from these data can be 
computed the thickness for another melt 
that will be equivalent. This correction 


for the sharp cutoff glasses in yellow, 
orange, and red is more difficult. With 


these glasses the hue is not entirely de- 
pendent on the constituents of the batch, 
but upon the batch and heat treatment 
as the ware is formed. The coloring 
agent forms a colloidal suspension in 
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Fic. 5.—Transmission of Didymium Filter. 
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Fic. 6.—Transmission of Narrow Band Filter with Considerable Transmission in the Infrared. 


is particularly easy in the case of blues, 
greens, and some yellows, because in 
these glasses a colored silicate is dissolved 
in the clear silicates. Figure 7 shows the 
transmission of a series of melts of a blue 
glass all ground to the same thickness. 
Figure 8 shows these data corrected by 
modifying thickness of the glasses from 
the different melts. 

The maintaining of the chromaticity 


clear silicates, and the color depends on 
the number and size of particles. 
cause of this there is considerable varia- — 
tion from melt to melt, from piece to 
piece in the same melt, and occasionally 
a single 63-in. square will vary. In addi- 
tion the color may be concentrated on — 
one surface. 

It is practically impossible for a glass 
manufacturer to accept an order for | 
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_ colored glass of definite hue at a definite — glass. It is really a scientific instrument 
' thickness. ‘Tolerances on thickness or which performs a certain function and to ; 
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Spectrophotometry has a_ three-fold 
application. Primarily, it is a research 
tool in the study of all kinds of materials 
—a means by which the absorption of 
radiant energy over a wide range of 
wave lengths may be measured and 
correlated with other physical or chemi- 
cal properties. 

A second application is its widespread 
use in the colorimetric analysis and 
standardization of a great variety of 
materials of commerce—glass, dyes, tex- 
tiles, papers, paints, etc.—in which the 
color is the inherent property of interest, 
as in signal glassware, or in which color is 
an index of other qualities, as in vegetable 
oils, or in which color is important from 
the standpoint of sales appeal, as in 
clothing and household furnishings. 

A third application is in chemical 
analysis, where in many cases the 
spectrophotometric method is an accu- 
rate and rapid means of quantitative 
analysis greatly superior to other meth- 
ods. This is the primary concern of 
this paper. 

In the first and third applications 
there is no logical boundary between 
ultraviolet, visible, and infrared; and 
spectrophotometry has by long usage 
been universally applied to the spectral 
measurement of absorption, transmis- 
sion, or reflection from about 200 my in 
the ultraviolet to about 1000 my in the 
infrared. There is, in fact, one spectro- 
photometer now on the market covering 
this entire range. 


Chief, Photomet 


: and Colorimetry Section, Na- 
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Only in colorimetric work of the type 
noted in the second application above, 
does the visible spectrum have a unique 
significance. Even there, however, the 
eye is often inadequate as a spectro- 
photometric receptor because of | its 
low brightness response to the chro- 
matically important blue and violet 
spectral regions.” 

The interest in spectrophotometry as 
an analytical tool in chemical work is 
evidenced by the papers presented in 
thissymposium. ‘This interest lies most- 
ly in the field of transmission spectro- 
photometry, that is, in the measurement 
of the spectral transmission or absorption 
of transparent solutions. The present 
paper is accordingly of limited scope. 
It is not intended to be a general survey 
of spectrophotometry (3, 19).3 It will 
deal only briefly with spectral reflection 
measurements (9). It will not include 
the broad field of infrared spectro- 
radiometry, which has recently been 
found of such great value in the analysis 
of high polymers (23), nor the field of 
photographic spectrophotometry (14, 24), 
which has been but little used in analyti- 
cal work of the type considered here 
today. 

It is also impossible to describe here 
the numerous instruments or equipment 
that have been devised for spectropho- 
tometric work by individual investigators 
over a period of many years; reference 


2The standard observer and coordinate system for 
colorimetry established in 1931 by the International 
Commission on Illumination is defined by spectral dis- 
tributions extending from 380 to 770 mu. 

*The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 731. 
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can only be made to bibliographies of 
such work found in other publications 
(1, 6, 15, 17, 20, 22). It has seemed 
most useful for the purposes of the 
present symposium to consider only those 
instruments which have fairly wide- 
spread use among the analytical chem- 
ists. ‘The paper will therefore consider 
principally those visual and _photo- 
electric spectrophotometers which are 
(or have been until recently) available 
commercially for transmission measure- 
ments in the visible spectrum or in the 
adjacent regions of the ultraviolet and 
infrared. 


SPECTROPHOTOMETERS versus FILTER 
PHOTOMETERS 


At the National Bureau of Standards 
we are often asked by some prospective 
purchaser whether he should obtain a 
spectrophotometer or a filter photom- 
eter. The answer depends on_ his 
particular work and circumstances, but 
it is a question to which certain general 
answers can be given (18). The spectro- 
photometer has two important ad- 
vantages. Within its wave length range 
there are no restrictions on the wave 
lengths that may be used, whereas with 
the filter photometer one is limited to the 
particular wave length regions isolated 
by the combinations of filter, photocell, 
and lamp. With the spectrophotometer, 
furthermore, the slits can usually be 
made sufficiently narrow that energy of 
an effectively definite wave length can be 
isolated, this wave length being essen- 
tially independent of spectral distribu- 
tion of source and spectral response of 
photocell and free of modification caused 
by the spectral selectivity of the material 
beingmeasured. With the filter photom- 
eter, on the other hand, the correct 
effective wave length of the region isolated 
is often not known exactly, and this 
wave length is modified by the material 
being measured. 
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The advantages of the filter photom- 
eter are in general the practical ones of 
lower cost, greater portability, and less 
skill required for operation and main- 
tenance. The  spectrophotometer is 
necessary for fundamental research, 
analysis, and standardization and is 
also generally suitable for control work 
and comparative standardization. The 
filter photometer is almost certain to be 
inadequate for fundamental measure- 
ments. As an abridged spectrophotom- 
eter its usefulness will depend on the 
number and effectiveness of the isolating 
filters used. As a control or stand- 
ardizing instrument its value will depend, 
among other things, on the optical and 
electrical stability of its components, 
and on the degree of spectral similarity 
between standard and unknown solu- 
tions. The widespread use of such 
instruments indicates that they are of 
considerable utility for such work (25). 

The “fluorescence error” (discussed 
under “conclusions”) may or may not 
occur to an important extent with filter 
photometers, depending on the design of 
the instrument. 


AVAILABLE COMMERCIAL 
SPECTROPHOTOMETERS 


While foreign-made instruments may 
possibly still be available in isolated 
instances, no attempt has been made to 
check on this, and no descriptions of 
such instruments are given in this paper. 


Visual Spectrophotometers: 


So far as known there are but two 
makers of visual spectrophotometers in 
this country at the present time, the 
Bausch and Lomb Optical Co. (2)* and 
the Gaertner Scientific Corp. (7). In 
both cases (8) the photometric scale of 
the instrument is based on the polariza- 


‘It is understood that the Bausch & Lomb. 
photometer is not at present available commercially. 
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tion principle as expressed in the 
relation: 


where: 

a, = angle of match with both beams 
blank (or containing similar cells 
filled with solvent), 

a = angle of match when solution and 
solvent are placed in the ap- 


propriate beams, and 
I 
transmittancy. 


Both the Bausch and Lomb and the 
Gaertner spectrophotometers are direct- 
reading in wave length and in trans- 
mittancy and logy transmittancy. As 
with all spectrophotometers, however, 
these scales should be carefully checked 

the wave length scale by the use of a 
mercury, helium, or other source having 
a few lines of known wave length ap- 
propriately spaced throughout the visible 
spectrum, the photometric scale by 
appropriate standardized filters or by 
measurements on solutions known to 
conform to Beer’s law. 

Reflection measurements can be made 
by means of special illumination spheres. 
The illumination is approximately 
diffused and the light is taken for 
measurement approximately at right 
angles to the surfaces of sample and 
standard. 

Special devices worthy of note are the 
wave length scale of the Gaertner 
spectrophotometer, which permits 
precise wave length settings in the 
long-wave part of the visible spectrum, 
and auxiliary equipment on the Bausch 
and Lomb spectrophotometer whereby 
the lengths of solutions may be con- 
veniently varied during measurement 
without changing cells. 


Photoelectric Spectrophotometers: 


The four instruments to be described 
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multiple reflections between the glass and 


— 


differ greatly in design and operation, 
and will accordingly be considered 
separately. They are listed in alpha- 
betical order. The optical features of 
these spectrophotometers will be em- 
phasized, and the electrical circuits 
given only secondary consideration. 

Beckman Quartz Spectrophotometer. 
The Beckman spectrophotometer has 
been described in detail in a paper (4) 
published-in the Journal of the Optical 
Society of America and most of these 
details will not be repeated here. It 
is a quartz spectrophotometer with a 
range from approximately 210 my with a 
hydrogen-arc source and “‘blue-sensitive” 
photocell to approximately 1050 my with 
an incandescent source and ‘“‘red-sensi- 
tive” photocell. The exact long-wave 
limit of usefulness probably varies with 
the individual photocell. The wave- 
length scale of the instrument is extended 
to 2000 mu, but it should be noted that 
measurements made beyond the limit of 
adequate sensitivity of the photocell (on 
the instrument in the Photometry and 
Colorimetry Section of the National 
Bureau of Standards this is at 1050 mu, 
approximately) are measurements largely 
or entirely with stray energy and may 
therefore be greatly in error. 

However, through the region below 
this wave length limit this instrument is 
relatively free from stray radiant energy 
for a single-dispersion instrument. This 
is because of the small number of optical 
surfaces between the entrance and exit 
slits, together with the dust-excluding 
chamber in which the internal optics of 
the instrument are inclosed. A stray- 
light filter is provided for the region below 
400 my for use with the incandescent 
source. 

In measuring the transmission of a 
glass filter (against the blank beam) the 
results will be slightly high because of 
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the quartz plate (readily removable) 
over the exit slit (and the ultraviolet 
stray-light filter when used). Serious 
errors may be caused if the sample is 
wedge-shaped and the transmitted beam 
thereby diverted to a different region of 
the photocell. 

The sensitivity is such that extremely 
narrow slits can be used and the spectral 
purity of the energy used is high. For 
materials that are highly selective, 
therefore, this instrument should afford a 
more accurate spectrophotometric analy- 
sis than any of the other photoelectric 
instruments described. 

The photometric scale is based on 
electrical rather than optical principles. 
The photoelectric current from the 
irradiated cell produces across the photo- 
tube load resistor a voltage drop which is 
balanced by a potentiometer. While 
making this null setting, any imbalance 
is amplified electronically and is indi- 
cated by a galvanometer on the instru- 
ment. Accuracy of the photometric 
scale depends on linearity of the irra- 
diation current relationship. Since vac- 
uum photocells are used, the relation 
should hold closely. 

Reflection measurements can be made 
with the Beckman spectrophotometer 
by means of auxiliary equipment which 
can be purchased separately. ‘The opti- 
cal arrangement is such that the spectral 
energy is incident approximately at 
right angles to the surface, and the 
energy diffusely reflected at approxi- 
mately 45 deg. in all directions is directed 
onto the photocell for measurement. 
The specular component of the reflected 
energy is therefore effectively excluded in 
this instrument. Slit widths need not 
exceed 10 my in the visible svectrum and 
in the green are considerably less. 

Cenco-Sheard Spectro photometer.—This 
instrument, known as the spectropho- 
telometer (21), is a grating instrument 
using a barrier-layer photocell as the 


=" 


detector. The spectral range is given as 
325 to 750 mp. Below 390 and above 
650 my, stray radiant energy is largely 
eliminated by the use of appropriate 
filters. 

Transmissions are determined by a 
ratio-of-deflections method with a box- 
type galvanometer. The photometric 
scale thus depends on the linearity of 
response of the barrier-cell current with 
incident radiant flux, and data are given 
indicating that the cell gives a closely 
linear response at these relatively low 
values of incident radiant flux. 

Four exit slits of nominal width 
equivalent to 2.5, 5, 10, and 20 my of 
spectrum are supplied with the instru- 
ment. Checking of the wave length 
scale can be made with special ease 
by means of a suitably placed, per- 
manently mounted eyepiece. One can 
avoid the “fluorescence error’ (discussed 
under “Conclusions’”) on this spectro- 
photometer by mounting the samples in 
front of the entrance slit, although 
special equipment for this purpose does 
not come with the instrument. 

The instrument is not designed for 
reflection measurements. 

Coleman  Spectrophotometers.—Three 
spectrophotometers (5) are made by 
the Coleman Electric Co.; (/) the 
“double monochromator” spectrophotom- 
eter (Models 10 and 10s), (2) the 
“universal” spectrophotometer (Model 
11) designed especially for chemical 
analysis in the industrial laboratory, and 
(3) the “junior clinical” spectropho- 
tometer (Model 6) designed solely for 
use in clinical laboratories. Dispersion 
in all of these instruments is secured’ by 
means of replica gratings. They are 
not designed for reflection measurements. 

In the double-monochromator spectro- 
photometer, stray radiant energy is 
effectively eliminated by the two dis- 
persions provided in the instrument. 
That is, the stray energy present in the 
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spectrum after dispersion by the first 
grating is itself dispersed by the second 
grating, so that the spectral region 
transmitted by the exit slit is relatively 
free of such stray energy. Slits passing 
nominally 30 my of spectrum are sup- 
plied with the Model 10 instrument and 
slits passing 5, 74, 15, and 30 my are 
supplied with the Model 10S instrument. 

An electron-emission type of photo- 
tube is used as detector, and the wave 
length range is given as 350 to 1000 mu. 
The photometric scale is electrical in 
nature, and its accuracy will depend on 
the linearity of response of the photo- 
electric current to the incident radiant 
flux. The photoelectric current from 
the irradiated cell produces across the 
phototube load resistor a voltage drop 
which is balanced by a potentiometer. 
While making this null setting, any 
imbalance is amplified electronically and 
is indicated by an auxiliary meter 
accompanying the instrument. 

The universal spectrophotometer is a 
single-grating instrument with barrier- 
layer cell as detector. Its wave length 
range is given as 300 to 800 my, and 
slits passing a spectral region of 35 my 
are installed in the instrument. Special 
filters are supplied to assist in the 
reduction of stray energy. Transmis- 
sions are given by the ratio-of-deflections 
method, values being read off a scale on 
the instrument. Accuracy is thus de- 
pendent on the linearity of the radiant 
flux-current relationship of the barrier- 
layer cell. 

The junior-clinical spectrophotometer 
is similar to the universal instrument, 


_ but the wave length range is restricted to 


the region from 400 to 700 mp. It was 
specifically designed for clinical analysis 
and is offered for sale only for such use. 

It should be noted that che universal 
and the clinical spectrophotometers are 
both designed for specific purposes and 
should not be expected to equal the 
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performance of more elaborate spectro- 
photometers in measurements of the 
type for which these special-purpose 
instruments were not designed. 

General Electric Recording Spectro- 
photometer.—This photoelectric spectro- 
photometer has been described in various 
publications (10, 12, 13, 16). It is 
designed for both transmission and 
reflection measurements and records the 
spectral transmission or reflection curves 
as a function of wave length over the 
visible spectrum from 400 to 700 or 
750 mu. (It is possible to extend these 
curves to about 1000 my by special 
adjustments of the instrument, although 
not conveniently at constant spectrum 
slit width.) A “x5” cam is regularly 
supplied with the instrument, and “log” 
and “log log” cams can be supplied if 
requested. 

The usual width of spectrum trans- 
mitted by the slits is approximately 
10 my, although instruments having 
slits passing nominally 4, 5, or 8 mu 
have been made. 

Stray spectral energy has been effec- 
tively excluded in this instrument by 
means of the second prismatic dispersion. 
The photometric scale is optical and 
based on the same tan? a relation as 
noted above for the visual instruments. 
Accuracy of results is accordingly not 
dependent on linearity of photocell 
radiant flux-current relationship. 

In reflection measurements the spec- 
tral energy is incident normally or 
nearly so, and the energy diffusely 
reflected in nearly all directions is 
accepted for measurement. In the older 
instruments the specular component is 
directed back onto the entrance aperture 
and was partly included in and partly 
excluded from the measurement. In 
the more recent design the specular 
component may be completely included 


in the measurements or, in the case of a 
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plane polished surface, effectively ex- 
cluded from the measurements. 


CONCLUSIONS 


Visual spectrophotometers (8) can 
hardly compete with photoelectric spec- 
trophotometers in speed and precision, 
but their fundamental accuracy is usually 
high. Their useful range is limited at 
the longer and shorter wave lengths by 
the decreasing brightness sensitivity of 
the eye. This range can be increased 
at the short-wave end by incorporating a 
strong mercury arc as an alternative 
source, making photometric §measure- 
ments possible at 435.8 and 404.7 my, 
and at both ends by designing the source 
so as to give the highest feasible bright- 
ness. Appropriate filters should be used 
in these end regions to eliminate stray 
light from the brighter portions of the 
spectrum; otherwise serious errors may 
result. 

In considering both visual and photo- 
electric spectrophotometers, it is appro- 
priate to repeat what has been empha- 
sized many times before—that accuracy 
and reproducibility are not the same 
thing. No instrument is free from 
error under certain circumstances, this 
depending greatly on the sample being 
measured: and all of them can get out 
of adjustment. The great danger is 
that they may be reproducing readings 
closely, but the readings may be seri- 
ously in error. Only thorough knowl- 
edge of the principles involved, continued 
checking of the wave length and photo- 
metric scales, and great care and watch- 
fulness at all times, will insure continued 
accuracy in results. 

The four photoelectric spectropho- 
tometers considered above have two 
important things in common. In dis- 
cussing these and the other items already 
noted, we do not mean to be unduly 
critical. Two of the four instruments 
are in almost daily use in the Photometry 


and Colorimetry Section of the National 
Bureau of Standards and are giving 
excellent service. Standardization and 
testing work is being done of a nature 
and at a rate wholly impossible with the 
older instruments. But a paper of this 
nature is most helpful if it emphasizes 
possible sources of error and indicates 
methods of avoiding them. 

The first common feature of these four 
spectrophotometers is that they “elimi- 
nate the human eye,” in the sense that 
the eye is replaced by a photocell as the 
detector of the radiant energy. The 
eye is of course still used to set scales, to 
read scales, or to read curves, and there 
is even greater need for some one to be 
available who is thoroughly familiar 
with the optical and electrical principles 
involved and for operators who will 
exercise eternal care in the use of the 
instrument. 

The second feature common to these 
four instruments is that as designed 
they are all subject to the “fluorescence 
error” (11) to an important extent. This 
error relates to the positioning of the 
sample and has arisen in the following 
way: 

In most of the older spectrophotom- 
eters the sample was placed in some 
position in front of the entrance slit; the 
radiant energy transmitted or reflected 
by the sample and standard was then 
dispersed within the instrument and that 
part isolated by the exit slit was used in 
the measurement. The great defect of 
this type of illumination is that the 
sample is irradiated by energy of the full 
spectral range (ultraviolet, visible, and 
infrared) emitted by the source, and as a 
result the sample may become so heated 
as to be temporarily or permanently 
changed in transmission or reflection 
before the measurements are completed, 
or even started. 

Largely to remedy this defect, the 
more recent spectrophotometers have 
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dispersed the radiant energy and isolated 
a small spectral range before the energy 
of that wave length is incident upon the 
sample. This eliminates the excessive 
heating effects, but may introduce an 
important error if the sample is acti- 
vated to fluorescence by the radiant 
energy falling upon the sample. For 
example, with some samples, strong 
reddish fluorescence may be excited by 
green radiant energy. If the photo- 
electric cell is highly sensitive to red 
energy, as is often the case, the photo- 
electric current evoked by this undis- 
persed red fluorescent energy is added to 
that produced by the normally trans- 
mitted green energy and the spectral 
transmission values in the green spectral] 
region will be erroneously high. Since 
the activating region is usually one of 
strong absorption, the resulting error 
may be of considerable importance to 
the analytical chemist. 

In the type of colorimetric stand- 
ardization involved, for example, with 
dyed textile materials, which are often 
fluorescent, the situation is still more 
complicated. In such work the spectro- 
photometric curve over the whole visible 
spectrum is usually taken as the funda- 
mental basis for the colorimetric stand- 
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THE CHEMISTRY IN COLORIMETRY 


By M. G. MELton! deter 


In its broadest applications colorim- 
etry includes all procedures that have 
as their objective the evaluation of ma- 
terials by means of some property re- 
lated to color. Such measurements di- 
vide themselves into those dealing with 
the determination of color as color, and 
with the determination of the presence 
and/or the amount of some desired 
constituent. Since the 1941 A.S.T.M. 
Symposium on Color (1)? was devoted to 
the former group, the present discussion 
is confined to what may be considered as 
chemical analysis. 

Strictly speaking, colorimetry is meas- 
urement, and therefore involves no 
chemistry. Actually, in the determina- 
tion of a desired constituent, one seldom 
finds the system originally in condition 
for measurement. The determination of 
aluminum in a magnesium-base alloy is 
an example. First, the sample must be 
dissolved. Then the aluminum ion, 
since its solution is colorless, must be 
converted into a colored system having 
suitable colorimetric properties. In case 
any other constituent interferes, one 
must compensate its effect, remove the 
constituent, or prevent its functioning 
through some appropriate chemical re- 
action. These transformations consti- 
tute the chemical portion of the analyti- 
cal procedure. 

The coverage of the present sympo- 
sium is fairly well divided between 
instruments for colorimetry and their 
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— 


application to important industrial ma- 
terials. Analysts now have a_ wide 
variety of such instruments, ranging from 
matched test tubes to the most elaborate 
photoelectric spectrophotometers, such 
as that containing a Miiller-Hilger double 
monochromator. Previous publications 
(11), together with the papers on instru- 
mentation on this program, deal with 
this part of the subject. 

On the assumption that one has the 
means of measurement best suited to his 
requirements, the remaining problem is 
to prepare the sample for measurement. 
The objective of this paper is to consider 
briefly some of the chemical problems 
involved. The most important of these 
are the characteristics of colored solu- 
tions, the selection of color-forming re- 
actions, and the provision for eliminating 
interferences. 


DESIRABLE COLORIMETRIC PROPERTIES 


Occasionally the system to be ex- 
amined is already in a form suitable for 
measurement without making any chemi- 
cal transformations; but since this is so 
rarely the case, we shall assume that such 
treatment is necessary. Also we shall 
assume that the measurement is to be 
made on a liquid solution containing the 
desired constituent, or another constit- 
uent which is chemically equivalent. 

Before considering the possibilities of 
preparing such colored systems, we may 
note the general requirements which they 
should meet to make them most satis- 
factory for use. Relatively few solu- 
tions, of course, approach the ideal of 
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meeting all these requirements. Know- 
ing the requirements, the wise analyst 
selects from the systems available the one 
best adapted to his problem, and then he 
uses it with the knowledge of what the 
deficiencies are. 

In general, any solution destined for 
colorimetric measurement should possess 
at least the following properties: 

1. Be intensely colored—so that small 
amounts of the unknown may be deter- 
mined. In many cases flexibility may be 
achieved through preliminary dilution or 
concentration of the desired constituent. 
Also different color-forming reagents, if 
used, may be found for application to 
different ranges of concentration. Some 
solutions are subject to color intensifi- 
cation by altering the nature of the 
solvent system, as in the use of acetone 
when determining iron as the thio- 
cyanate. 

2. Be stable--so that the determina- 
tion need not be completed rapidly before 
fading would vitiate the results, and so 
that similarly prepared standards for 
visual matching will be reasonably 
permanent. Instability is the result of 
several kinds of action, such as air oxi- 
dation and photochemical irradiation. 
Control of the operative factor often 
enables one to prepare a measurable 
system. 

3. Be little affected by pH change——so 
that close control of this factor is un- 
necessary. If pH changes do affect the 
color, it is desirable to be able to secure a 
measurable system by adding an ap- 
proximate amount of some common acid 
or base, or a compound such as am- 
monium acetate or borax. With very 
sensitive systems, one may have to resort 
to close buffering, usually checked best 
by means of a glass electrode. 

4. Havea color that permits a spectral 
region between 475 and 625 my to be 
isolated for measurement, if visual means 
are used—so that advantage may be 
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taken of the maximum position of the 
relative luminosity curve. With photo- 
electric instruments, the region of maxi- 
mum sensitivity will depend upon the 
photocell. 

5. Have the system possess a small 
temperature coefficient (and also have 
any necessary color formation proceed 
at room temperature)—so that the pro- 
cedure may be as simple as possible. 

6. Have the colorimetric character- 
istics reasonably close to those of the 
“matching” permanent standards, if such 
are used--so that comparisons will be 
valid under any lighting conditions. 

7. Conform to Beer’s law—so that any 
type of method of measurement may 
be used. 


In addition to these general require- 
ments, systems resulting from reactions 
with color-forming reagents should meet, 
as far as possible, the following require- 
ments: 

1. Develop the color quickly——so that 
one need not wait for a reaction taking 
much time for its completion. 

2. Form the color with a reagent that 
does not itself show selective light ab- 
sorption—so that excess reagent will not 
complicate the method. Use ofa colored 
reagent gives a system whose total color 
depends upon the excess reagent added. 

3. Have a color reaction that is free 
from interference by substances other 
than the unknown—so that the color 
formed will depend only upon the de- 
sired constituent present. Ideally, we 
want a specific reaction. Practically, one 
of high selectivity is the best we achieve. 

4. Have the intensity of the color 
produced independent of the amount of 
the color-forming reagent, provided an 
excess is used—so that the amount of 
the desired constituent may be assumed 
to be proportional to the intensity of 
color (provided Beer’s law applies). If 
the reaction is not stoichiometric, use of 
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e a large excess of reagent may yield 
" reasonably satisfactory results. 
4 5. Have the nature of the color-form- 
e ing reaction known—so that reproduci- 
ble conditions may be maintained if the 
ll process is susceptible to the effects of 
e variable factors. 
d 6. Use the same solvent for the un- 
* known and for any color-forming reagent 
so that excess reagent will not itself 
r- precipitate nor cause precipitation of 
1e high concentrations of diverse ions. 
h 7. Require no special treatment for 
ye the colored solution, such as extraction 
of the colored compound with an organic 
LV solvent—so that the procedure may be 
Ly as simple as possible. 


8. Be independent of the order of 
mixing reagents—-so that the routine of 


e- operations is not critical. 

ns ry 

Tne CoLorep SYSTEM 

‘e- Colorimetric measurements are ap- 


plicable, of course, to gases, liquids, and 
at solids. In analyzing gases one may find 
ng a naturally colored constituent, such as 
nitrogen dioxide, but such instances are 


at rare. Somewhat more frequently liquid 
b- samples may contain a desired constit- 
ot uent in a suitably colored form. In 
ed the great majority of cases, however, the 
lor sample is a solid. Usually it must be 
ed. dissolved, although a volatilization reac- 
ree tion may effect the separation of a 
her constituent which can then be converted 
lor into a colored system. Unless volatili- 
de- zation is applicable, dissolution is the 
we alternative. The latter operation is so 
yne well known in analytical work that it 
ve. need not be considered here. Measure- 
lor ment may be practicable on the solution 
- of as such, particularly in the case of organic 
an compounds; but much more frequently a 
of measurable color must be developed by 
ned means of some chemical reaction. 
- of Very useful compilations of what has 
If been done in this direction are contained 


in the treatises by Yoe (18), and by Snell 
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and Snell (14). The later books by 
Feigl (4), Mellan (9), von Stein (16), and 
Yoe and Sarver (19) summarize the 
general use of organic compounds as 
analytical reagents, including the forma- 
tion of soluble, colored systems. The 
papers by Diehl (3), Feigl (5), Haendler 
and Geyer (6), and Sarver (13) help to 
systematize our knowledge of the way in 
which the organic compounds react, 
particularly in the formation of chelate 
ring structures. Sandell’s new book (12) 
covers the use of selected reagents for 
the determination of the metals. 

It seems to be desirable to have a 
general outline of the kinds of chemical 
reactions that have been found useful in 
developing colors suitable for colori- 
metric measurement. With it one should 
be helped, not only in keeping in mind 
what has worked, but also in selecting 
possible new reagents. In extrapolating 
past experience, however, we must be 
careful not to leave the laboratory long 
to theorize on what we think should 
happen with an untried reagent. Thus, 
certain cyclic nitrogen compounds, such 
as 2,2’-bipyridyl, are excellent reagents 
for ferrous iron; but some closely related 
derivatives, containing the same chelat- 
ing group, do not work. Incidentally, 
we are interested both in systems poses- 
sing color, and in those which will 
fluoresce characteristically under certain 
conditions. 

The accompanying outline (Table I) 
is the result of an effort to classify 
important means of securing colored solu- 
tions. It seemed convenient to sub- 
divide the desired constituents into inor- 
ganic and organic groups, and then, as 
far as possible, to consider the reactions 
in terms of elements, compounds, and 
ions. A characteristic example is given 
for each type of colored constituent or 
reaction listed. 

It will be noted that no distinction is 
made between reactions yielding solu- 
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tions and those forming precipitates. In potassium is precipitated as the di- 
' fact, precipitation may be necessary to picrylaminate, filtered, and dissolved in 
effect the desired color formation. The acetone. If simple dissolution of the 
material is then brought into solution, by precipitate does not yield a satisfactory 
means of an appropriate solvent, to colored system, it may be possible to en- 
render the system measurable. Thus, hance or improve the color by additional 


TABLE I.— CLASSIFICATION OF MEANS OF SECURING COLORED SOLUTIONS FOR COLORIMETRIC ANALYSES, 


JNORGANIC CONSTITUENTS 


A. Colored as such: 
1. Elements 
2 Br- + Cl. > Bre 
2. Compounds 
N2O, in gases 
3. Ions 
MnO,, Crt**, CreO7-— 
B. Colorless (color must be developed) : 
1. Elements 
Cl. in water + o-tolidine — color 
2. Compounds 
H,0, + MoO,-~ - color 
3. Ions: 
(a) Inorganic reagents: 
(1) Oxidation 
+ 10, — MnO,” 
(2) Reduction: 
Directly 
2 Au* + SnCly~ — colloidal gold; + SnCl-~~ — Mo-blue 
Indirectly 
Catt CaCO, Cas(POs)2 > Mo-blue 
(3) Complexation: 


Cations 
Cut* + 4 NH; — Cu(NH;),** 
Anions 


+ 4 NCS- — Co(NCS).-~ 
(4) Decolorization 
~~ + 6 F- — 
(b) Organic reagents: 
_ (1) Chromophoric transformation 
H* + pH indicator — color change 
(2) Salt formation 
HNO; + phenol-2,4-disulfonic acid + KOH — color 
(3) Coupling 
HNO, + sulfanilic acid + a-naphthylamine — color 
(4) Adsorption 
O, + 2 1- + starch — color; Al*** + quinalizarin — lake 
(5) Oxidation 
Cl. + 3,3’-dimethylbenzidine — color 
(6) Reduction 
+ hydroquinone — Mo-bluc 
(7) Fluorescing formation 
(8 


Al*** + morin — fluorescing system 
Chelation: 

Two coordinate bonds 

+ 2,2’-bipyridyl — color 

One coordinate and one electrovalent bond 
Fet** + kojic acid — color 

Two electrovalent bonds 

Tit**+* + maleic acid — color 
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A. Colored as such, 
Carotene 
B. Colorless (color must be developed): 
1. Oxidation 
Aniline + PbO. — color 
Reduction: 
(a) Directly 


(b) Indirectly 


Organic peroxides + Fe** — Fe***; Fe*t* + 6ONCS~ — 


Ascorbic acid + methylene blue — fading 


3. Coupling: 
(a) Directly: 9 
(1) Inorganic reagent, a 
C;H;OH + TiCl C,H; OTIC}; 
(2) Organic reagent 
CsH;OH + sulfanilic acid (diazotized) — color . 
(b) Indirectly (intermediate compound) 


CseHe + 2 H'NO; — 1,3-dinitrobenzene; 1, 3-dinitrobenzene + acetone — color 


reactions. For example, the oxine from 
precipitated and dissolved oxinates may 
be coupled with a diazo compound or 
oxidized by certain heteropoly acids to 


give colors. 
INTERFERENCES 


Although freedom from interference by 
undesired constituents was mentioned as 
one of the requirements of an ideal color 
reaction, the analyst often has to deal 
with difficulties from the presence of 
interfering constituents. Brief consider- 
ation will be given to some of the ways 
in which the difficulty manifests itself, 
and to what can be done about it. 

Nature of Interference.—Of the various 
kinds of interference which are recog- 
nized, some of the most important should 
be noted. 

The interfering constituent itself may 
be colored. The effect will depend upon 
the intensity of the extraneous color, and 
upon its nature. 

Turbidity may develop, or a_pre- 
cipitate form, which will prevent accurate 
photometric measurement. Thus, 1, 10- 
phenanthroline forms a color with fer- 
rous iron and, at the same time, a pre- 
cipitate with any mercuric ion present. 
Another kind of example is the precipi- 
tation of aluminum when one makes the 


solution ammoniacal prior to adding 
thioglycolic acid to forma color with iron. 

The interfering constituent may form 
a color with the color-forming reagent, 
as does cobalt with 2,2’,2”-terpyridyl 
when this compound is used for forming 
a colored complex with iron. 

Some constituents interfere by com- 
plexing the desired constituent to form 
an ion or compound more stable than 
that resulting from action of the desired 
constituent with the color-forming re- 
agent. 

Occasionally oxidation or reduction 
converts an ion into a form unsatis- 
factory for reaction with the color-form- 
ing reagent. Since 2,2’-bipyridyl reacts 
with ferrous iron, and thiocyanate with 
ferric iron, it is necessary in the respective 
cases to have the iron in the required 
valence state. 

Another kind of difficulty results from 
reaction of the interfering constituent 
with the colored system, causing it to 
fade or lose its color entirely. Many 
reductants affect permanganate in 
this way. 

Means of Prevention of Interference.— 
Since so many colored systems are sub- 
ject to interference, it behooves the 
analyst to be alert to the possibilities, 
and to know what he can do to avoid 
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the difficulty, or to reduce the effects to 
negligible amount (12). 

Undoubtedly, the most widely appli- 
cable method of avoiding interference is 
to follow the Biblical admonition to 
pluck out the offender. ‘Translated into 
chemical terms, this means to separate it. 
Four principal kinds of methods of 
separation are available: volatilization, 
precipitation, electrodeposition, and ex- 
traction. ‘The general operations, appli- 
cations, and merits of such processes 
have been presented elsewhere (10). 
Sandell (12) and Willard and Diehl (17) 
emphasize the problem of concentrating 
and/or separating traces of desired con- 
stituents. Suffice it to state here that 
separation, because of requirements in 
time, technique, and equipment, is gen- 
erally an operation of last resort, some- 
thing to be avoided if possible. 

In some methods, such as those in- 
volving the formation of certain dithi- 
zonates, the color-forming reaction pro- 
ceeds concomitantly with the separation 
of the desired constituent into the non- 
aqueous layer containing the organic 
reagent. 

Fortunately, in many cases actual 
separation from an interfering consti- 
tuent need not be made. Avoidance of 
this undesirable operation is accom- 
plished in several ways, some of the most 
important of which are noted. 

One of the most obvious remedies for 
interference is to compensate for it. A 
familiar example is the addition to the 
standard solution, with which the un- 
known is to be compared, of an amount 
of the interfering constituent equal to its 
concentration in the unknown. Of 
course, this necessitates knowing the 
amount of the interference. In using 
photometers this addition would be made 
to the solution in the reference beam, 
or to that used in preparing a calibration 
curve. In this way one may com- 
pensate for impurity or color in reagents. 
It may be noted, incidentally, that one 


should not assume without test that 
what appears to be a colorless solvent is 
adequate by itself in the reference beam 
of the spectrophotometer. 

When absorptometers are used for 
measurement, some interfering colors 
may be excluded by proper selection of 
filters in a filter photometer or setting 
of the monochromator in a_spectro- 
photometer. ‘The former possibility has 
been discussed by Knudson, Meloche, 
and Juday (7). An example of the latter 
possibility is shown in the curves for 
manganese and chromium published by 
Silverthorn and Curtis (15). According 
to this work, absorption at 575 my is 
attributed to manganese only. In either 
case, it is evident that the nature of the 
curves must be sufficiently different to 
make such a procedure feasible. 

In some cases the interference must 
be determined and then taken into ac- 
count in calculating the desired constit- 
uent. The paper by Silverthorn and 
Curtis (15) illustrates the simpler of two 
general possibilities. ‘To determine the 
chromium, the transmittancy measure- 
ment is made at 450 my. Since man- 
ganese absorbs at this wave length also, 
its absorption, as determined from meas- 
urement at 575 my (where chromium 
does not interfere), must be subtracted 
from the total absorption at 450 mp. A 
more complicated case, involving solu- 
tion of simultaneous equations, is illus- 
trated by the work of Comar and 
Zscheile (2) on mixtures of two chloro- 
phylls. As a general case, values for 
the concentration of each of  com- 
ponents may be obtained from absorption 
measurements at wave lengths, where 
no two curves coincide or intersect; how- 
ever, no two wave lengths may be used 
at which absorption values for two com- 
ponents are in the same proportion. 

Since many reactions are affected by 
the pH of the solution, control of this 
variable offers a means of avoiding cer- 
tain kinds of interference. In using 
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1,10-phenanthroline, for example, the 
pH should be within a relatively narrow 
range if beryllium is present. At a pH 
above 5.5 the hydroxide precipitates, 
and below 3.0 the metal complexes with 
the reagent. The many color forma- 
tions possible with dithizone (8) under 
carefully controlled pH is a striking 
example of the effect of this variable. 
One of the most important means of 
avoiding interference is to convert the 
interfering ion into a soluble complex, 
inert as far as the color-forming reaction 
is concerned. ‘This requires a relatively 
high degree of stability in the complex. 
Thus, in a mixture of iron and cobalt, 
the ferric ion may be complexed with 
pyrophosphate before adding the thi- 
ocyanate to form the complex ion 
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COLORIME’ rRIC DE TERMINATION OF SILICON IN ALUMIN NUM ALLOYS 


7 By J. J. Stumm! 


_ Silicon has been determined colorimet- 
rically for many years. The ammonium 
molybdate method was first suggested 
by Jolles and Neurath (5)? in 1898. It 
depends upon the formation of a yellow 
heteropoly compound, molybdisilicic 
acid, the reaction product of ammonium 
molybdate and silica in the presence of 
mineral acid (8). This has been the 
standard method for both the Aluminum 
Company of America (2) and the British 
Aluminum Co. (1) for some time. Its 
use has been limited to small amounts of 
silicon. In the method used by the 
Aluminum Company of America, the 
caustic residue is filtered off. This is a 
rather difficult filtration, requiring spe- 
cial apparatus, and in the case of high- 
silicon alloys some silicon remains in 
the residue. The British Aluminum 
Co. uses hydrochloric acid to acidify 
the caustic solution, thereby introducing 
an iron effect for the higher concentra- 
tions of iron. Both methods make only 
an approximate adjustment of pH con- 
centration. 

Hadley, in his first article (3), describes 
the work done in the research labora- 
tories of the British Aluminum Co. In 
this article he advises the use of nitric 
rather than hydrochloric acid for the 
acidification. Nitric acid naturally acts 
as an oxidant to prevent the formation 
of the blue reduction product of the 
molybdisilicic acid. He also provides 
special means for the dissolution of man- 
ganese alloys, and suggests filtration of 


* Chief Chemist, William F. Jobbins, Inc., Aurora, III. 
2 The boldface ‘numbers in parentheses refer to the 
reports and papers appearing in the list of refe rences ap- 


pended to this paper, see p. 753. 


the caustic solution for the more compli- 
cated alloys. Picric acid standards are 
recommended. In his second paper (4), 
the conditions are adjusted for the use 
of the Pulfrich photometer using the 
mercury line at 4358 A for illumination. 
Again extreme care is taken in the dis- 
solution of high-manganese alloys and 
the suggestion is made that the caustic 
solution be filtered. 

In the above methods, only an approxi- 
mate adjustment is made for the pH 
concentration. Schwartz (7) shows that 
the transmission values are fairly con- 
stant between 0.5 and 2.0 pH. Hadley 
(5S) advises that a pH range of 1.1 to 2.0 
is best. Knudson-Juday and Meloche 
(6) advise 1.6 to 2.0 pH. We find, as 
described later, that a constant pH is 
absolutely necessary. Since the writing 
of this article, Stross (9) has advised 0.7 
to 0.8 pH. As with former methods, 
his obtains only approximations of these 
values. 

It is the purpose of this paper to show 
how the use of the colorimetric method 
may be extended to cover all of the alloys 
of aluminum with approximately the 
same accuracy obtained in routine gravi- 
metric methods. This has been made 
possible through present day equipment 
for precisely measuring the transmission 
value of a solution, and through careful 
adjustment of operating conditions. A 
method by which the silicon content of 
an alloy can be determined in 30 to 40 
min. to an accuracy of 1 per cent of the 
true figure in terms of amount present is 
described. The results obtained by this 
method almost equal those of gravimetric 
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methods which require several hours for 
the determination. 


Special Equipment: 


It was decided that it would be pos- 
sible to use smaller amounts of material 
than in the conventional gravimetric 
methods. ‘This brought up the question 
of segregation. We are convinced, after 
using this method in our laboratory for 
about one year, that 50 to 100 mg. are 
sufficient for accurate work. It is nec- 
essary, of course, that this sample be 
taken from a thin chill-cast section. 


100 


Transmission, per cent 


0 
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Fic. 1.—Absorption Curves Showing Effect of 
Varying Amounts of Silicon. 


In order to handle 100 mg. of material, 
a search was made for nickel reaction 
tubes. Since no source of supply for 
this article was found, it was decided to 
use brass centrifuge shields for 50-ml. 
tubes. ‘These were carefully sanded out 
to remove any lacquer and to obtain a 
smooth, polished surface. 

A special pipette was fabricated from 
copper sheet by which to transfer the 
caustic solution to the reaction vessel 
with no silicon pick-up. ‘The caustic was 
mixed in nickel vessels of standard shape 
and stirred with a copper or nickel rod. 

The spectrophotometer used in this 
work was a Beckman ultraviolet type, 
and the acidity was controlled by means 
of the Beckman Laboratory Model pH 


meter. 
shaft is advisable in connection with the 
adjustment. 


A motor stirrer with flexible 


Absorption Characteristics: 


The absorption curves in Fig. 1 show 
that there is no definite wave length of 
maximum absorption. ‘The curve varies 
in slope and shape, depending upon the 
amount of silicon present. It was de- 
cided that 400 mu would give about the 
right absorption for the amount of 
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Fic. 2.—Effect of Various pH Values on Color 
Formation. 

silicon found in aluminum alloys, namely 

about 5 ppm. We have found this wave 

length to be very reproducible over a 

considerable span of time. 


Hydrogen Ion Concentration: 


In Fig. 2 the shift in the absorption 
curve is illustrated between pH values of 
0.91 to 2.22. The maximum amount of 
color is developed at 1.22. However, 
the color is least sensitive to change in 
acidity at pH of 1.5 to 1.7. There is no 
change in the curve above 390 my at 
pH values of 1.49 to 1.72. It was 
therefore decided that this was the ideal 
range in which to work. In actual prac- 
tice, we adjust to pH 1.4 and add the 
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molybdate and ammonium peroxidi- 
sulphate. This brings the pH to 1.60. 


Amount of Reagent: 


The color development is not highly 
sensitive to the amount of molybdate 
present. A change of from 2 to 5 ml. 
of 10 per cent ammonium molybdate in- 
creased the apparent amount of silicon 
by 4 per cent. The color development 
is instantaneous with 5 ml. of molybdate 
solution, and there is very little fading. 
Table I shows a set of readings taken at 
intervals of 2 min. ‘The cell was filled 
at each reading, thus exposing the re- 
maining portions to light for continuous 
periods prior to reading. 

TABLE I.—EFFECT OF TIME ON COLOR DEVELOP- 
MENT. 
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Time, min. Density Silicon, ppm. 
0.468 5.22 
0.468 5.22 
0.468 5.22 
0.465 5.19 
0.463 5.17 

eee 0.461 5.15 
0.461 5.15 
0.460 5.14 
0.459 5.13 
0.458 $.82 


Temperature Change: 


Practically no change was observed in 
the formation of color between 20 and 30 
C., readings changing only from 0.466 
to 0.468. This shows that there is an 
increase in intensity with increase in 
temperature. The above figures are 
uncorrected for the volume changes. 
Such a correction would further increase 
the apparent increase in intensity. It 
is sufficient to note that the errors prac- 
tically balance each other, and little 
error is made by reading in the range 
from 20 to 30 C. 


Interfering Elements:™ 


Several interfering substances were 
added as small amounts of solutions of 
the various nitrates or sulfates. The 
resulting solution was adjusted for pH 
and handled exactly as in the subsequent 
procedure for analysis. The interfer- 
ences could quite naturally be taken 


care of, but we have found that this is 
unnecessary for aluminum alloys. 
These interferences occur in the form of 
precipitates. Barium precipitates as the 
sulfate. Antimony, tin, and bismuth 
separate out in dilute nitric acid, and 
large amounts of titanium precipitate 
with the reagent. The small amounts of 
these elements that are found in alumi- 
num alloys do not interfere. Aluminum, 
potassium, and sodium do not interfere 
in concentrations as high as 250 ppm. 


we 
Y 80 
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Density 
Fic. 3.—Analytical Curves Governing Size of 
Sample. 


No interferences are noted for concen- 
trations of 25 ppm. of zinc, nickel, 
manganese, lead, silver, mercury, mag- 
nesium, calcium, cadmium, cerium, ar- 
senic, iron, copper, beryllium, chro- 
mium, molybdenum, and strontium. 
In arriving at the interferences where 
colored solution was added, a_ blank 
was deducted exactly as in the analytical 
procedure. An error of less than 2 per 
cent was called none. This conclusion 
was arrived at in view of the fact that 
small differences are experimental, and 
also that the variations in the consti- 
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tuents of aluminum other than copper 
are of a very small degree. If one con- 
siders that 5 ppm. is equivalent to five 
per cent of that element in the alloy, 
and that percentage causes an error of 
only 2 per cent or less, the amount of 
variation in the alloy will be practically 
negligible. Copper has no effect at all 
on the molybdate color after its own 
blue color is deducted. 


Procedure for Analysis: 


Dissolve from 50 to 200 mg. of the 
sample, depending upon the concentra- 
tion of silicon in the alloy (see Fig. 3), 
in 18 g. of NaOH solution (20 per cent). 
This solution shall be prepared by dis- 
solving the pellets in a nickel container. 
Tare the above-described centrifuge 
shield containing the drillings on a scale 
and add the NaOH solution by means of 
a copper pipette. Cover with a small 
copper cover and heat over a micro- 
burner. Allow the reaction to go to 
completion in absence of flame and wash 
down with a very small jet of water. 
Boil for 10 min. and again wash down 
the side and the cover with water. 

Pour ito a 250-ml. beaker containing 
25 ml. of HNO; (1:5) and 5 ml. of H2SO, 
(1:1). Wash the contents of the re- 
action vessel into beaker with water, and 
police the sides of vessel with 5 ml. of 
H.SO, (1:10). Wash well with water, 
and heat the solution just to boiling to 
dissolve aluminum salts. Cool to 20 C. 
and adjust to pH 1.4 by dropping NaOH 
into the solution with the copper 
pipette, checking with an accurate pH 
meter. 

Transfer to a 200-ml. volumetric flask 
and dilute to volume with water which 
has been adjusted to pH 1.4 with H.SO,. 
Pipette from 25 to 75 ml. into a 100-ml. 
volumetric flask (see working curves, 
Fig. 3), and dilute to 75 ml. with 1.4 pH 
water. Add exactly 5 ml. of ammonium 
peroxidisulphate (4 per cent) and 5 ml. of 
ammonium molybdate (10 per cent). 
Read the density at 400 mu. It is well 


to run a blank through on the reagents 
and deduct this density from the above 
figure. This blank need of course be 
run only intermittently. Also, read 
density of the solution in the 200-ml. 
volumetric flask and deduct whatever 
portion of this was used in the test. 
That is, if 25 ml. were taken and diluted 
to 100 ml. in the final test, deduct one 
fourth of the difference between this 
solution and distilled water. This cor- 
rects for any of the colored solutions that 
may be present. Results are naturally 
much more effective when a very narrow 
band of light is used for illumination. 


TABLE II.—ANALYSIS OF STANDARD SAMPLES. 


le 
Sample|Sample| Sample; Sample 
Analysis No.1 0.2 | No.3 No.4 
Standard....... 0.46 | 1.88 | 5.57 | 12.74 avg. 
No.1....../....| 0.46 | 1.88 | 5.58 | 12.70 
0.46 | 1.88 5.59 12.65 
= Cee 0.46 1.87 5.54 12.74 
ee 0.46 1.89 5.55 12.80 
0.46 1.88 5.57 12.77 
No. 6...... | 0.46 | 1.86 | 5.58 12.75 
0.46 1.88 5.60 12.78 
SS eee 0.46 1.87 5.61 12.75 
0.46 1.88 5.57 12.76 
0.46 1.88 | 5.60 | 12.68 


It is well to calibrate with standard 
aluminum alloys. The same working 
curve (Fig. 3) is of course used for all 
alloys. We have found it more prac- 
tical to divide the working curve into 
several components, depending upon the 
amount of the sample taken. Naturally, 
this is a matter of choice, and, as may be 
seen from the curve, each sample could 
be calculated on the basis of only one 
curve. 


Results: 


The results shown in Table II were 
obtained by the above method on 
standard aluminum alloys. Sample No. 
1 is the National Bureau of Standards 
standard sample No. 85. Samples Nos. 
2 and 3 are samples upon which consider- 
able work was done by the Aluminum 
Research Institute. Sample No. 4 is 
a sample put out by the British Alumi- 
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COLORIMETRIC METHODS FOR THE ANALYSIS OF MAGNESIUM-BASE 
ALLOYS 


ASSEMBLED By V. A. STENGER! 


The methods presented in this paper have been compiled from various 
sources and modified for the analysis of magnesium alloys with the aid of a 
photoelectric colorimeter (filter photometer) or spectrophotometer. 


Several 


workers in the Dow laboratories have helped in adapting the procedures. 
In presenting these methods, there is no implication that they are the best — 
that might be chosen, nor is any claim for originality made except possibly | 
as concerns the determination of iron and copper with hydrobromic acid. | 


The procedures are merely some which have been found reliable. 


They 


have been used in some cases for routine analyses, in others for checking or — 
standardizing results obtained by different techniques, such as the spectro-_ 
graphic, and at times for making studies of segregation or other specialized — 


subjects. 


DETERMINATION OF MANGANESE BY THE PERIODATE METHOD 


1. Principle of Method.—Manganese is 
oxidized to permanganate by means of potas- 
sium periodate in acid solution, according to 
the method of Willard and Greathouse.” 

2. Reagents: (a) Nitric Acid (sp.gr. 1.42). 
—The concentrated acid should be boiled, 
if necessary, to expel lower oxides of nitro- 
gen. 

(b) Sulfuric Acid (1:4). . 

(c) Phosphoric Acid (85 per cent). 

(d) Standard Manganese Solution (1 ml. 
= 0.05 mg. Mn).—Dissolve 4.061 g. of pure 
manganese sulfate crystals (MnSO4-4H2O) 
in water, add 5 ml. of H2SO, (1:4), and 
dilute to 1 liter. Dilute 50 ml. of this solu- 
tion to 1 liter to obtain a solution containing 
0.05 mg. of manganese per milliliter. 

3. Procedure—(a) Weigh out a sample 
calculated to contain about 1 mg. of man- 
ganese. Place in a 250-ml. beaker, add 25 
ml. of water, and dissolve in HgSO, (1:4), 
using about 25 ml. of acid per gram of sam- 
ple. When the action ceases, add 25 ml. of 
4 Analytical Research Chemist, Main Laboratory, The 
Dow Chemical Co., Midland, Mich. 

2H. H. Willard and L. H. Greathouse, ‘‘The Colori- 
metric Determination of Manganese by Oxidation with 


Periodate,’’ Journal, Am. Chemical Soc., Vol. 39, p. 2366 
(1917). 


« 


HNOs (sp.gr. 1.42) and heat to dissolve any 
dark residue. If the solution is turbid it 
should be filtered at this point. Add 5 ml. 
of H3PO,4 (85 per cent) and a few silicon 
carbide chips, heat almost to boiling, and 
carefully introduce 0.5 g. of potassium 
periodate. Boil for 3 min. and then digest 
just below the boiling point for 15 min. to 
allow the color to develop fully. Cool and 
dilute to 100 ml. in a volumetric flask. Mix 
well, and transfer a portion of the solution to 
a fused glass absorption cell with a light path 
oficm. Read the percentage transmittance 
in a photoelectric colorimeter, using green 
light having a wave length of approximately 
550 my and adjusting the instrument to read 
100 per cent against pure water. 

(b) Prepare a calibration curve by treat- 
ing known amounts of standard manganese 
solution (0 to 2 mg. of manganese) in the 
same way as the sample. Plot the trans- 
mittances on the logarithmic scale of semi- 
logarithmic paper against the concentrations 
in milligrams of manganese per 100 ml. of 
solution. 

(c) From the calibration curve read the 
number of milligrams of manganese present 
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divided by ten and by the number of grams 
of sample in 100 ml. of solution gives the 
percentage of manganese in the sample. 


EXPLANATORY NOTES 


Nore 1.—On alloys of high manganese content 
(over 1 per cent) use a sample calculated to con- 
tain 10 to 15 mg. of manganese. When the 
action of H,SO, is complete, add 5 ml. of HNO; 


DETERMINATION OF IRON AND COPPER WITH HYDROBROMIC ACID 


1. Principle of Method.—In 48 per cent 
hydrobromic acid ferric iron forms an amber 
complex, while cupric copper yields a violet 
complex. Readings of the percentage trans- 
mittance at two different wave lengths 
provide data from which the concentration 
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Wavelength, Millimicrons 
Fic. 1.—Absorption Spectra of Iron and Copper 
in Hydrobromic Acid. 


Iron, 0.10 mg. per 10 ml. Copper, 0.20 mg.per 10 ml. 1.0 cm, 
cells; = 100. 


20 


of each element may be calculated. Since 
the spectra overlap, the calculation must 
include a correction for the effect of each 
element on the reading for the other. The 
method is best suited for samples containing 
from 0.002 to 0.04 per cent of iron and 0.006 
to 0.08 per cent of copper. 


to 250 ml., and pipette out 25-ml. aliquots into 
250-ml. beakers. Then add 25 ml. of HNO; 
(sp.gr. 1.42) and continue with the procedure 
described in Section 3. 

Nore 2.—The distilled water used for dilution 
after color development should be free of traces 
of organic matter or other substances which re- 
duce permanganate. Impure water may be 
boiled with acids and periodate, as described in 
the procedure, to oxidize any interfering ma- 
terial. 


2. Reagents: (a) Saturated Solution of 
Bromine in Water. 

(b) Hydrobromic Acid (48 per cent).— 
Commercial HBr may be used with a blank 
correction for any iron, copper, or free bro- 
mine that it contains, but preferably the acid 
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Fic. 2.—Calibration Curves for Iron in Hydro- 
bromic Acid. 
Lumetron colorimeter. 1.00-cm. cell. 


should be water-white. Distillation in an 
all-glass apparatus serves to remove bromine, 
which comes over in the first fractions, and 
most metals, which remain in the residue. 
The constant-boiling acid, sp. gr. 1.48, is 
approximately 48 per cent HBr by weight. 
Care must be taken to prevent contamina- 
tion by iron. ‘The acid keeps best in a clear, 
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in 100 ml. of sample solution. ‘This value and warm to dissolve any dark residue. Dilute 
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sof{t-glass bottle which has previously been 
given a prolonged soaking in HCl, an old 
HCIO, bottle is also suitable. The bottle 
should be painted black on the outside or 
kept in a dark place. 

(c) Standard Iron Solution (1 ml. = 0.01 
mg. Fe).—Dissolve 0.0864 g. of pure ferric 
ammonium sulfate crystals (FeNH4(SO,4)2- 
12H,20) in 100 ml. of water containing 10 ml. 
of HBr (48 per cent) and dilute to exactly 1 
liter with water. 

(d) Standard Copper Solution (1 ml. = 
0.02 mg. Cu).—Dissolve 0.0786 g. of pure 
cupric sulfate crystals (CuSO4-5H»2O) in 100 
ml. of water containing 10 ml. of HBr (48 
per cent) and dilute to exactly 1 liter with 
water. 

3. Procedure.—(a) Weigh out a sample of 
up to 1.5 g. of magnesium alloy, such that it 
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_ Fic. 3—Calibration Curves for Copper in 
Hydrobromic Acid. 


Lumetron colorimeter. 1.00-cm. cell. 


will contain 0.03 to 0.6 mg. of iron and 0.1 to 
1.2 mg. of copper. Place in a 100-ml. 
beaker with 25 ml. of water and dissolve by 
adding in small portions a total of 10 ml. of 
HBr (48 per cent) for each gram of sample, 
plus an excess of 3ml. Transfer to a 50-ml. 
volumetric flask, dilute to the mark with 
water, and mix. Pipette a 10-ml. aliquot 
into a 50-ml. beaker and add enough bromine 
water to produce a yellow color; then evap- 
orate nearly to dryness, so that not more 
than 1 ml. of liquid remains. Add 5 ml. of 
HBr (48 per cent) and warm if necessary to 
dissolve the magnesium bromide. If any 
silica or other insoluble material is present, 
filter through a small fritted-glass filter 
crucible (clean and dry) and wash with 1 or 2 
ml. of. HBr. Transfer the filtrate or the 
original clear liquid to a 10-ml. glass-stop- 
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pered volumetric flask and dilute to the 
mark with HBr (48 per cent). Mix and 
place in a fused-glass absorption cell having 
a 1-cm. light path, for photoelectric measure- 
ment. 

(b) If the colorimeter to be used has an 
exposed photocell, protect the photocell from 
acid vapors by inserting next to it a water- 
filled absorption cell; otherwise proceed in 
the usual manner. . First adjust the instru- 
ment to read 100 per cent transmittance 
against water, with a narrow-band light 
filter or dial setting selected to give light in 
the region of 600 my. Read the percentage 
transmittance of the sample at this setting; 
then adjust the instrument for light in the 
region of 460 my and read the sample again. 

(c) Prepare calibration curves by treating 
suitably measured quantities of the standard 


TABLE I.—DETERMINATION OF IRON AND 
COPPER IN HYDROBROMIC ACID. 


Results on known mixtures. 


Milligrams Taken Milligrams Found 

Iron Copper Tron Copper 
0.125 0.025 0.124 0.027 
0.050 0.050 0.050 0.050 
0.025 0.100 0.024 0.100 
0.025 0.0125 0.026 0.014 
0.100 0.125 0.092 0.122 
0.0507 | 0.050 0.052 0.048 


@ In presence of 0.3 g. Mg**. 


iron or copper solution (separately) in the 
same way as the samples, beginning with the 
point at which bromine water is added. 
One milliliter of HBr (48 per cent) should be 
added to each standard before evaporation. 
Read the percentage transmittance of the 
prepared standards at each wave length and 
plot against concentration (milligrams per 
10 ml.) on semilogarithmic paper, placing the 
two iron curves on one sheet and the two 
copper curves on another. 

(d) In order to use the calibration curves, 
assume as a first approximation that the 460 
my reading on the sample represents iron and 
that the 600 mu reading represents copper. 
Read the corresponding quantities of iron 
and copper from the curves, in milligrams per 
10 ml. of hydrobromic acid solution. If the 
two quantities do not differ greatly or if the 
iron is lower, assume the copper figure to be 
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more nearly correct and use it as a basis for 
correcting the iron value. If the iron figure 
is markedly higher, use it to correct the 
copper value. Make the correction with the 
aid of the following equation, which holds 
over the specified concentration range: 


TFe X Tcu = 100 X Tobs : 
where: 
Tre = percentage transmittance in presence 
of iron alone, 
percentage transmittance in presence 
of copper alone, and 
Tobs = percentage transmittance observed 
for mixture. 

All the symbols refer to measurements at 
the same wave length. 

(e) For example, assume that the copper 
figure is given by the Cusoo curve and look 
up on the Cugeo curve the transmittance al- 
lowed by this concentration of copper at 460 
my. Substitute this value as Tcu in the 
above equation and substitute also the value 
of Tobs as measured for the solution at 460 mu. 
Solve for Tre and read the corresponding 
concentration of iron from the Feggo curve. 
This gives a corrected iron concentration. 
Now use the corrected figure for iron to find 
TFe on the Fegoo curve. Substitute this and 
the observed 600-my reading in the equation 
given in Paragraph (d), solve for Tcu, and 
read the corrected copper concentration from 
the Cugoo curve. Calculate the percentage 
of iron and copper from the corrected con- 
centrations and the following expression: 


Tcu = 
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Fe or Cu, percent = 
y= milligrams Fe or Cu per 10 ml. X 0.1 
grams sample per 10 ml. 


() In case iron is below 0.02 mg., read 

copper directly from the 600 my curve with. 

out correction. Correct the iron concentra- 
tion for the effect of copper, however. 


4 EXPLANATORY NOTES ss 


Note 1.—If the transmittance readings are 
lower than about 20 per cent at 460 mu or 50 
per cent at 600 muy, dilute the solution to a 
larger volume with HBr (48 per cent) and take 
account of the dilution in the calculation, or 
repeat using a smaller aliquot of the sample. 
Do not dilute the acid solution with water, 
for this causes fading of the color. 

Note 2.—The procedure as written is most 
accurate for both constituents when they are 
present in approximately equal quantities. If 
one were much higher than the other it would 
be better to make the reading for the lower 
constituent on a large sample and to correct it 
for the other on the basis of what is found in a 
small sample. 

Note 3.—Hydrobromic acid solutions of cop- 
per develop stronger colors upon standing. The 
solutions of samples and standards should be 
read within an hour of the time that the HBr is 
added (after evaporation). 

Nore 4.—Cobalt, nickel, molybdenum, vana- 
dium, chromium, the platinum metals, and gold 
would interfere if present, but their colors in 
HBr are not nearly as sensitive as those of copper 


and iron. 


DETERMINATION OF IRON BY THE DIPYRIDYL METHOD | - 


1. Principle of Method.—Ferrous iron 
forms a pink complex with a, a’-dipyridyl 
at a pH of 3 to 4. Control of the pH is 
necessary, since at lower values the color 
fades while at higher values there is danger 
of precipitating aluminum when an alloy is 
being analyzed. Various combinations of 
buffers and reducing agents have been sug- 
gested, all of which have their particular 
merits. In this procedure the acidity is 
controlled by evaporation of excess acid and 
addition of the required amount. Sodium 
sulfite serves both as a reducing agent and as 
a buffer, as originally proposed by Feigl, 
Krumholz, and Hamburg.’ 

2 F. Feigl, P. Krumholz, and H. Hamburg, “Uber die 


colorimetrische Bestimmung von Eisen mit a, a’-Dipyri- 
dyl,”’ Zeitschrift anal. Chem. Vol. 90, p. 199 (1932). 


2. Reagents: (a) Hydrochloric Acid (sp. 
gr. 1.18, iron-free). 

(b) Hydrochloric Acid (1 N). 

(c) Dipyridyl Reagent.—Dissolve 0.1 g. 
of a,a’-dipyridyl in 1 ml. of 1 N HCl and 
9 ml. of water. 

(d) Sodium Sulfite Solution.—Dissolve 10 
g. of pure anhydrous NagSO; in 100 ml. of 
water. Prepare a fresh solution every three 
days. 

(e) Standard Iron Solution (1 ml, = 0.01 
mg. Fe).—Dissolve 0.0864 g. of pure ferric 
ammonium ‘sulfate crystals (FeNH4(SO,)2- 
12H20) in 100 ml. of water containing 5 ml. 
of HCl (sp. gr. 1.18) and dilute to exactly 1 
liter with water. 
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3. Procedure. (a) Weigh out a sample of 
up to 3 g., depending upon the amount of 
iron expected. Place in a 250-ml. beaker 
with 50 ml. of water and dissolve by gradu- 
ally adding HCl (sp. gr. 1.18). Use 7 ml. 
of HCl per gram of sample, plus an excess 
of 5 ml., and finally boil the solution after 
the magnesium has dissolved. Cool, dilute 
to 100 ml. in a volumetric flask, and mix 
well. Pipette out an aliquot containing 
from 0.005 to 0.12 mg. of iron, but preferably 
not more than 20 mg. of aluminum. Place 
in a 150-ml. beaker and evaporate just to 
dryness on a steam bath. (A hot plate may 
be used if the sample is watched carefully 
and removed before any magnesium or 
aluminum chloride decomposes to oxide.) 

(b) Cool the beaker, add 2 ml. of 1 N HCl, 
and make sure that all the iron and mag- 
nesium goes into solution. Add 10 to 15 ml. 
of water, 2 ml. of dipyridy] reagent, and 1 ml. 
of Na2SO3 solution. Stir, allow to stand for 
2 min., add 2 ml. more of NagSOz solution, 
and dilute to 50 ml. in a volumetric flask. 
Mix well and filter if the solution is turbid. 
A good quality filter paper (low iron) may 
be used when more than 0.02 mg. of iron is 
present, but a glass crucible is preferable for 
smaller amounts. ‘Transfer a convenient 
quantity of the solution to an absorption cell 


DETERMINATION OF SILICON 


1. Principle of Method.—Silicic acid in a 
true (not colloidal) solution reacts with 
molybdate to form a yellow molybdisilicic 
acid. The determination of silica by this 
method has been studied by many workers 
and the spectrophotometric principles have 
been discussed by Swank and Mellon.‘ 

2. Reagents: (a) Boric Acid.—Saturate 
water with boric acid at room temperature 
and filter. 

(b) Sulfuric Acid (1:4).—Carefully pour 
50 ml. of silica-free H2SO, (sp. gr. 1.84) into 
200 ml. of water in a Pyrex or Vycor beaker. 
Prepare freshly as needed. 

(c) Ammonium Molybdate Solution.—Dis- 
solve 40 g. of reagent grade ammonium 
molybdate tetrahydrate 
4H20) in 500 ml. of water. 

4H. W. Swank and M. G. Mellon, “Colorimetric 


Standards for Silica,’”’ Industrial and Engineering Chemis- 
iry, Analytical Edition, Vol. 6, p. 348 (1934). 
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having a 5-cm. light path, and read in a 
photoelectric colorimeter using green light of 
about 520 my wave length. 

(c) Prepare a calibration curve by evap- 
orating measured volumes of the standard 
iron solution (0 to 0.14 mg. of iron) to dry- 
ness on the steam bath and following the 
procedure described in Paragraph (0). 
Plot the percentage transmittance on the 
logarithmic scale of semilogarithmic paper 
against the concentration of iron in the final 
solution, in mg. per 50 ml. 

(d) From the calibration curve read the 
number of milligrams of iron present in 50 
ml. of final solution. ‘This figure divided by 


ten and by the number of grams of sample - 


represented in the aliquot gives the per- 
centage of iron in the sample. 


EXPLANATORY NOTES 


Nore 1.—The quantity of dipyridy] specified 
is sufficient for ordinary alloys containing up to 
3 per cent zinc. More might be needed if the 
zinc content is higher, while less can be used with 
zinc-free alloys. Zinc forms a colorless complex 
with dipyridyl. 

Note 2.—If considerably more copper is 
present than iron, an interfering green dipyridyl- 


copper complex may be formed. 
¢ 
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(d) Standard Sodium Silicate Solution (1 
ml. = 0.02 mg. Si).—Dissolve 0.2026 g. of 
pure sodium silicate crystals (NagSiO3- 
9H20) in water and dilute to 1 liter. 

3. Procedure-—(a) Weigh out a sample 
containing not more than 1 mg. of silicon 
nor more than 2 g. of magnesium. Place 
in a 150-ml. beaker with 25 ml. of water and 
5 ml. of boric acid solution. From the 
weight of sample taken calculate the amount 
of H2SO, (1:4) required to dissolve it, on the 
basis that 1 g. requires 11.7 ml. of acid. 
Add this much in small quantities at a time, 
meanwhile keeping the beaker in a cold 
water bath to prevent losses of silicon as 
hydride, and add 1.0 ml. of acid in excess. 
When the sample is dissolved, introduce 
about 0.1 g. of potassium persulfate to oxi- 
dize ferrous iron or other reducing agents. 
Allow to stand for 10 min. or longer, dilute 
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to about 60 ml. with water, and filter through 
retentive low-ash paper, catching the filtrate 
in a 100-ml. volumetric flask. Rinse the 
beaker and paper with enough water to make 
the filtrate about 90 ml. Reserve the fil- 
trate (see Paragraph (c)). 

(b) Place the filter paper in a clean plati- 
num crucible, burn off at about 500 C., add 
0.1 g. of pure anhydrous NagCOs, and fuse at 
about 850 C. Dissolve the residue in water 
with enough H2SO, (1:4) to neutralize the 
Na2COs, plus 1 ml. in excess, and filter into 
another 100-ml. volumetric flask. Rinse 
the paper well with water and collect about 
90 ml. of filtrate. 

(c) To each flask add 5.0 ml. of ammo- 
nium molybdate solution and dilute with 
water to 100 ml. Mix well, transfer a suffi- 
cient quantity of each solution to an absorp- 
tion cell having a 5.0-cm. light path, and 
read the percentage transmittance in blue 
light having a wave length of approximately 
420 my with the instrument adjusted to read 
100 per cent against pure water. 

(d) Prepare a calibration curve from 
known quantities of sodium silicate solution 
(0 to 1.0 mg. of silicon), each treated with 
about 40 ml. of water, 1.0 ml. of HeSO, (1:4), 
5.0 ml. of ammonium molybdate solution, 
and enough additional water to make 100 ml. 
Read the percentage transmittance of each 
standard in the same way as described in 
Paragraph (c). Plot the transmittance on 
the logarithmic scale of semilogarithmic 
paper against the concentration in terms of 
milligrams of silicon per 100 ml. If the 
curve does not go through the point of 100 
per cent transmittance at zero concentration, 
draw a new curve parallel to it and passing 
through this point. The difference may be 
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regarded as a blank correction on the rea- 


gents used. 

(e) From the calibration curve read the 
number of milligrams of silicon present in 100 
ml. of each solution prepared from the sam- 
ple. Add these together and subtract any 
blank correction found on the reagents and 
filter paper (see Explanatory Notes). The 
result, divided by ten and by the number of 
grams of sample taken, gives the percentage 
of silicon in the sample. 


EXPLANATORY NOTES . 
Norte 1.—A blank should be carried through 
on all the reagents and the filter paper, except 
that only 1 ml. of H,SO, (1:4) should be used 
per 100 ml. of solution, since the color is affected 
by the acidity. 

Note 2.—If reducing agents are present, a 
green color may be produced after the addition 
of molybdate. This will be restored to yellow 
upon standing with persulfate, but the samples 
should not be allowed to stand more than an hour 
or so between addition of molybdate and reading 
in the colorimeter. 

Notre 3.—For samples higher in silicon the 
solutions may be diluted to a larger volume and 
aliquots analyzed colorimetrically. The final 
solutions should always contain 1.0 ml. of 
H.SO, (1:4) and 5.0 ml. of molybdate per 
100 ml. 

NortE 4.—Phosphate also gives a yellow color 
in this reaction. According to rough calcula- 
tions based on data in the literature, a given 
weight of phosphorus produces a color a little 
less than half as intense as that of the same 
weight of silicon. Since the amount of phos- 
phorus present in a magnesium alloy is generally 
far below the amount of silicon, no serious inter- 
ference is to be expected. 


DETERMINATION OF LEAD WITH DITHIZONE 


1. Principle of Method.—Lead salts react 
with diphenylthiocarbazone to form a com- 
plex which is pink in chloroform solution. 
The complex is separated from several other 
metals by extraction of an aqueous ammo- 
nium citrate cyanide solution with chloro- 
form and the excess dithizone is removed by 
extraction of the chloroform layer with am- 
moniacal cyanide. ‘The procedure is essen- 


tially that of Winter, Robinson, Lamb and 
Miller,>5 but includes some modifications 
which have been taken from later literature 
or have been incorporated to make the 
method more easily applicable to magne- 
sium-base alloys. An excellent review on 


5 OQ. B. Winter, H. M. Robinson, F. W. Lamb, and E. J. 
Miller, ‘‘Determination of Lead, A Modification of the 
Fischer-Leopoldi Method,’ Industrial and Engineering 
Chemistry, Analytical Edition, Vol. 7, p. 265 (1935). 
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the determination of lead with dithizone is 
given by Clifford.® 

2. Reagents: (a) First Extraction Solu- 
tion.—To 450 ml. of water, add 30 ml. of a 
5 per cent KCN solution, 15 ml. of a 5 per 
cent ammonium citrate solution (prepared 
from citric acid and NH,OH), and 5 ml. of 
NH,OH (sp. gr. 0.90). 

(b) Second Extraction Solution —TYo 500 
ml. of water add 10 ml. of a 5 per cent KCN 
solution and 5 ml. of NH,OH. 

(c) Dithizone Solution.—Dissolve 2.5 mg. 
of diphenylthiocarbazone in 100 ml. of 
chloroform. 

(d) Chloroform (lead-free).—C.P., U.S.P., 
or technical grade chloroform (stabilized 
with 0.5 per cent alcohol) is usually satis- 
factory; if not, it may be purified by the 
method of Bambach and Burkey.’ 

(e) Standard Lead Solution (1 ml. = 0.001 
mg. Pb).—Dissolve 0.1342 g. of pure anhy- 
drous PbCl, in water containing 1 ml. of 
HCl (sp. gr. 1.18) and dilute to 1 liter with 
water. Dilute 10 ml. of this solution to 1 
liter with water containing 0.5 mJ. of HCl 
(sp. gr. 1.18) to prepare a solution containing 
0.001 mg. of lead per ml. 

(f) Hydrochloric Acid (1:1).—Prepare by 
dilution of lead-free HCl (sp. gr. 1.18). 

(g) Ammonium Hydroxide (1:10).—Pre- 
pare by dilution of lead-free c.p. NHsOH 
(sp. gr. 0.90). 

3. Procedure.—(a) Weigh out a sample 
calculated to contain 0.1 to 0.7 mg. of lead, 
place in a 250-ml. beaker with 30 ml. of 
water, and dissolve by adding 20 ml. of HCl 
(1:1) per gram. When the magnesium has 
been dissolved, heat to boiling, dilute to 
about 200 ml. with water, cool, and transfer 
to a 500-ml. volumetric flask. Dilute to the 
mark and mix. Pipette a 10-ml. aliquot into 
a separatory funnel. Pipette a duplicate 
aliquot into a beaker and titrate roughly 
with NH,OH (1:10) until alkaline to methyl 
red, 

(b) ‘To the aliquot in the separatory fun- 
nel, add 15 ml. of the first extraction solu- 
tion (Section 2 (a)) and as much NH,OH 


¢P. A. Clifford, “Report on Lead, Dithizone Method 
and Its Interferences,’ Journal, Assn. Official Agricultural 
Chemists, Vol. 26, p. 26 (1943). 

7K. Bambach and R. E. Burkey, “Microdetermination 
of Lead by Dithizone,” Industrial and Engineering Chemis- 
iry, Analytical Edition, Vol. 14, p. 904 (1942). 


(1:10) as was found necessary to neutralize 
the free acid in the duplicate portion above. 
From a burette add dithizone solution in 
1-ml. steps, introducing just enough so that 
after shaking and allowing the layers to sepa- 
rate, the lower layer has a noticeable purple 
to green color as contrasted to pink, indi- 
cating a slight excess of dithizone. From 
another burette add enough chloroform to 
make the total volume of chloroform and 
dithizone exactly 10 ml. Shake well and 
allow the layers to separate. Draw off the 
chloroform layer into a second separatory 
funnel containing 20 ml. of the second extrac- 
tion solution (Section 2 ()). Discard the 
solution remaining in the firstfunnel. Shake 
the second funnel, allow the layers to sepa- 
rate, and drain off the chloroform layer into a 
third funnel, also containing 20 ml. of the 
second extraction solution. Shake, separate, 
and draw off into an absorption cell having a 
1.0-cm. light path. A small wad of cotton 
should be placed in the tube of the separa- 
tory funnel to remove any cloudiness or 
drops of water from the chloroform solution. 
Read the percentage transmittance for green 
light having a wave length of approximately 
520 my, against pure water as 100. Carrya 
blank determination through all the steps, 
starting with the same quantity of HCl (1:1) 
and evaporating off most of it before 
diluting. 

(c) Prepare a calibration curve by pipet- 
ting from 2 to 14 ml. of the standard lead 
solution (0.002 to 0.014 mg. of lead) into 
separatory funnels and carrying through the 
remaining steps of Paragraph (b). Plot the 
percentage transmittance on the logarithmic 
axis of semilogarithmic paper against the 
concentration of lead in terms of milligrams 
per 10 ml. of chloroform. If the curve does 
not pass through the point of 100 per cent 
transmittance and zero concentration, draw 
a parallel curve through this point and re- 
gard the difference as a blank on the 
reagents. 

(d) From the calibration curve read the 
number of milligrams of lead in the 10 ml. 
of chloroform from extraction of the sample. 
Subtract from this the quantity of lead 
found in a blank determination. The re- 
sult, divided by ten and by the number of 
grams of sample represented in the aliquot 


| 


ti 
Sé 
a w 
| 
be 
| 


taken, gives the percentage of lead in the 
sample. 


EXPLANATORY NOTES 


Norte 1.—Bismuth, thallium, and stannous tin 
would interfere, but are not likely to be present 
in magnesium alloys. Bismuth can be compen- 
sated for if one makes another reading at 420 to 
450 my (see the paper by Clifford’). Tin may 
be oxidized to the harmless stannic form by 
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boiling the HCI solution with 1 ml. of HNO; the 
other constituents should then be reduced by 
boiling with a slight excess of hydroxylamine 
hydrochloride. The blank should receive the 
same treatment. 

Note 2.—The blank color may be due not 
only to lead but to oxidation products of the 
dithizone. On this account a blank should be 


carried through with each series of samples. 

Note 3.—All glassware to be used in lead 
determinations should be cleaned thoroughly 
with HNO; and rinsed well. 
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COLORIMETRIC METHODS FOR THE ANALYSIS OF COPPER-BASE 
ALLOYS AND REFINED LEAD 


ASSEMBLED BY C. ZISCHKAU! 


The methods presented in this paper have been assembled from various sources 
and represent Pe sat that have been found suitable by the submitters for the 


lead. 


THE COLORIMETRIC DETERMINATION OF PHOSPHORUS IN PHOSPHORIZED 
COPPER AND BRASS 
(Range, 0.001 to 0.05 per cent Phosphorus) 


-SuBMITTED BY R. P. NEVERS OF THE AMERICAN Brass Co., WATERBURY, CONN. 


1. Reagents: (a) Sodium Dibasic Phos- 
phate (Standard Phosphorus) Solution (1 ml. 
= 0.00005 g. P).—Dissolve 0.2289 g. of 
highest purity anhydrous sodium dibasic 
phosphate (NagHPO,) in about 200 ml. of 
water. Add 100 ml. of HNOgs (1:5) and 
dilute to 1 liter with distilled water at 20 

(b) Potassium Permanganate Solution (1 
per cent).—Dissolve 10 g. of c.p. KMnO, in 
1 liter of distilled water. 

(c) Hydrogen Peroxide (3 per cent).— 
Dilute 50 ml. of H2O2 (30 per cent) to 500 
ml. with distilled water. Store in a dark 
bottle in a cool place. The H2O2 (30 per 
cent) should be low in phosphate (maximum, 
0.005 per cent PO,4) and free of organic pre- 
servatives.” 

(d) Ammonium Vanadate Solution (0.02 
N).—Dissolve 2.345 g. of c.p. ammonium 
metavanadate (NH4VO3) in 500 ml. of hot 
water. When solution is complete, add 
20 ml. of HNOg3 (1:1) and dilute to 1 liter. 

(e) Ammonium Molybdate Solution (10 
per cent).-—Dissolve 100 g. of c.p. ammonium 
molybdate crystals 
in 600 ml. of hot water. Let stand on the 

; 1 Advisory Chemist, Analytical Methods, American 


Smelting and Refining Co., Central Research Dept., 
Barber, N. 


J. 
2 Merck Superoxol is satisfactory. 


steam bath and stir frequently until solu- 
tion is complete. Dilute to 1 liter. 

2. Preparation of Calibration Curve.— 
(a) Weigh twelve samples of 1.0000 to 
1.0050 g. of pure electrolytic copper into 
200-ml. beakers. To each sample add 10 
ml. of HNO; (2:3). Cover and let stand on 
the steam bath until solution is complete. 
Reserve two of the samples for “blanks.” 
To the remaining samples add from a 10-ml. 
microburette the following amounts of 
standard phosphorus solution: 

Equivalent 
Value in Percentage of 


Milligrams Phosphorus 
of Phosphorus in Sample 


Milliliters 
of Solution 


0.20 0.020 
0.30 0.030 
0.45 0.045 
0.50 0.050 


(b) Boil covered solutions, including 
blanks, gently for about 1 min., or until 
oxides of nitrogen have been expelled. 
Avoid hard or prolonged boiling, since the 
loss of HNOs will affect the intensity of the 
color later developed. 
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- (©) Treat each sample as follows: Add 
2 ml. of KMnO, from a burette while the 
sample is still hot and set on the steam bath 
for 1 or 2 min. Add 1 ml. of HeQOo from a 
pipette and swirl the sample until the 
KMn0O, is reduced. Add 2 ml. of am- 
monium vanadate solution from a burette, 
while swirling, and boil the sample gently 1 
or 2 min., or until the color is a clear blue. 
Cool to room temperature (25 to 30 C.) in 
a water bath. Transfer to a 50-ml. volu- 
metric flask and add 2 ml. of the ammonium 
molybdate solution from a burette. Dilute 
to the mark with water and mix thoroughly. 
Let stand 10 min. with occasional shaking 
and read in a colorimeter, using a blue 
filter having a maximum transmission at 
4250 A. Longer standing does no harm. 

(d) From the colorimeter readings (log- 
arithmic scale) plot a curve with percentage 
of phosphorus on the vertical axis and color- 
imeter readings on the horizontal axis. 
A smooth curve approaching a straight line 
should be obtained. It is convenient for 
routine work to prepare a chart from this 
curve directly relating colorimeter readings 
to percentage of phosphorus. 

3. Procedure for Phosphorized Copper.— 
Weigh 1.0000 to 1.0050 g. of the sample of 
well-mixed drillings into a 200-ml. beaker. 
Dissolve and treat the solution exactly as 
described in the preparation of the calibra- 
tion curve. Obtain the percentage of phos- 
phorus from the colorimeter reading by 
reference to the calibration curve or chart. 

4. Procedure for Brass.—(a) Weigh a 
sample containing 1.0000 to 1.0050 g. of 
copper into a 200-ml. beaker. Calculate the 
proper sample weight for any alloy as fol- 
lows: 
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Sample wt. to contain 1 g. of copper = 


percentage of copper in alloy 


Proper sample weights for the alloys most 
commonly analyzed for phosphorus are as 
follows: 


No. 14 alloy (90 per cent 
Cu 


1.1100 to 1.1150 g. 


Cu) 1.4300 to 1.4350 g. 


(b) In dissolving brass samples, 0.7 ml. 
excess of HNO; (2:3) should be added for 
every 100 mg. of sample over 1 g. Proper 
amounts of HNOs; (2:3) for dissolving the 
alloys mentioned above are as follows: 


No. 42 alloy... .. 13 ml. 


(c) After solution of the sample, the 
analysis is carried out in exactly the same 
way as that of phosphorized copper. Cal- 
culate the percentage of phosphorus as 
follows: 


Percentage of phosphorus in brass sample = is 


percentage of phosphorus from 
calibration chart 


wt. in grams of sample 


Since the amount of phosphorus in brass 
usually is below 0.01 per cent, it is well to 
redetermine carefully this portion of the 
calibration curve, paying especial attention 
to the blank reading, or zero point, and plot- 
ting the curve on an enlarged scale. 


THE COLORIMETRIC DETERMINATION OF PHOSPHORUS IN BRONZES: 


(Range, 0.05 to 0.50 per cent Phosphorus) 


SuBMITTED BY R. P. NEVERS OF THE AMERICAN Brass Co., WATERBURY, CONN. 


1. Reagents: (a) Sodium Dibasic Phos- 
phate (Standard Phosphorus) Solution (1 ml. 
= 0.0005 g. P).—Dissolve 2.2894 g. of 
highest purity anhydrous sodium dibasic 


2 For additional information see the paper by W. M. 
Murray, Jr., and S. E.Q. Ashley, ‘Determination of Man- 
ganese, Nickel and Phosphorus in Iron and Steel,’’ Jndus- 
trial and Engineering CATES, Analytical Edition, Vol. 


10, No. 1, pp. 1-5 (1938). 


phosphate (NagHPO,) in about 200 ml. of 
water. Add 100 ml. of HNO; (1:5), and 
dilute to 1 liter with distilled water at 20 C. 

(b) Ammonium Vanadate Solution (0.02 
N) and Ammonium Molybdate Solution (10 
per cent).—See Section 1 (d) and (e) under 
“The Colorimetric Determination of Phos- 
phorus in Phosphorized Copper and Brass.” 
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| 2. Preparation of Calibration Curve.— 
(a) Weigh 10 samples of 0.5000 to 0.5050 
g. of pure electrolytic copper into 200-ml. 
beakers. ‘To each sample add 3 ml. of 
Cover and let stand on the steam bath until 
solution is complete. From a 10-ml. micro- 
burette, add the following amounts of stand- 


HCI (sp. gr. 1.18) and 30 ml. of HNO; (1:2). 
ard phosphorus solution: 


Value in 
Milliliters Milligrams 
of Solution of Phosphorus 


0.25 


(b) Boil covered solutions gently for 
exactly 5 min. No odor of free chlorine 
should be perceptible at this point. Avoid 
prolonged boiling, as HCl will be lost and 
_ tin precipitated. Add 10 ml. of the am- 

monium vanadate solution from a burette 
to each sample while still hot. ‘Transfer toa 
250-ml. volumetric flask, cool to room tem- 
perature (25 to 30 C.) in a water bath, and 
add 10 ml. of the ammonium molybdate 
7 solution from a burette. Dilute to the mark 

with water and mix thoroughly. Let stand 


20 min. with occasional mixing and read in a 
colorimeter, using a blue filter having a 
maximum transmission at 4250 A. Longer 
standing does no harm. 

(c) From the colorimeter readings plot 
a curve with milligrams phosphorus on the 
vertical axis and colorimeter readings on the 
horizontal axis. A smooth curve approach- 
ing a straight line should be obtained. It 
is convenient for routine work to prepare 
a chart from this curve directly relating 
colorimeter readings to the phosphorus 
equivalents in milligrams. 

3. Procedure-—Weigh 0.5400 to 0.5450 g. 
of the sample of well-mixed drillings into a 
200-ml. beaker. Dissolve and treat the 
solution exactly as described in the prep- 
aration of the calibration curve. Obtain 
the phosphorus value from the colorimeter 
reading by reference to the calibration curve 
or chart. Calculate the percentage of phos- 
phorus as follows: 


Phosphorus, per cent = 
mg. of phosphorus 1 
wt. of sample 10 


Notre.—The theoretical sample weight should 
be such that the sample will contain exactly 
0.5 g. of copper. A sample weight of 0.5400 
to 5450 g. approaches this condition closely 
enough for most phosphor bronzes analyzed in 
this laboratory. 


THE DIRECT PHOTOMETRIC DETERMINATION OF SILICON IN COPPER- 


(For Alloys Containing up to 0.20 per cent Silicon) 


SuBMITTED BY O. P. Case of THe AMERICAN Brass Co., WATERBURY, CONN. 


1. Reagents: (a) Nitric Acid (1:2).— 
Dilute one volume of reagent grade HNOg3 
with two volumes of water. 

(b) Iydrofluoric Acid (48 per cent). 
Use reagent grade HF (48 per cent). Even 


4 For | a detailed description of this method, see the 
origins! pe er by O. P. Case. For additional information 
see references: 

W. Knudson, C. Juday, V. W. Meloche, /ndustrial 
Chemistry, Analytical Edition, Vol. 12, 
270 (1940). 

P. Z. Krumhols, Zeitschrift Anorg. Allgem. Chem., Vol. 
2125p 91 (1933). 

C. Schwartz, Industrial and Engineering Chemistry, 
Analytical Edition, Vol. 6, p. 364 (1934). 

M. C. Schwartz and L. W. Morris, Industrial and En- 
aa Chemistry, Analytical Edition, Vol. 15, p. 20 
(1943). 


the best grades of HF appear to contain 
a small amount of HeSik’s. 

(c) Boric Acid (saturated  solution).— 
Dissolve 65 g. of reagent grade boric acid 
crystals (H3BOs3) in 1 liter of hot water. 
Cool to room temperature. 

(d) Ammonium Molybdale Solution (10 
per cent).—Dissolve 100 g. of reagent grade 
ammonium molybdate crystals ((NH4)gMo7 
(o4-4HeO) in hot water. Cool and dilute to 
1 liter. Filter if the solution is not clear. 

(e) Citric Acid Solution (10 per cent).— 
Dissolve 100 g. of reagent grade citric acid 
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crystals (CsHs07-H20) in water and dilute 
to 1 liter. 

(f) Standard Silicate Solution (1 ml. = 
0.0001 g. Si).—Fuse 0.2141 g. of pure 
anhydrous silica (SiO2) with 2 g. of NagCO3 
in a platinum crucible. Heat at slightly 
above fusion temperature for about 15 min., 
cool, and dissolve the melt in warm water, 
using a platinum dish for a container. Cool 
the solution and transfer to a 1-liter volu- 
metric flask. Dilute to the mark and mix 
thoroughly. Store the solution in a wax 

or hard rubber bottle. 

2. Preparation of Calibration Curve.— 
Weigh portions of high purity copper equiv- 
alent to the amount of copper (plus or minus 
25 mg.) present in a 1-g. sample of the alloy 
under test. Very fine pieces of metal (finer 
than 35-mesh) and light, feathery drillings 
should be avoided as they react too vigor- 
ously with the dissolving acid. ‘Transfer to 
platinum crucibles of at least 20-ml. capacity, 
fitted with covers. Somewhat larger crucibles 
are preferable if available. ‘To each portion 
of metal add 10 drops of HF (0.3 to 0.4 ml.), 
followed by an amount of HNO; (1:2) equiv- 
alent to 0.6 ml. for each 100 mg. of metal 
plus 6 ml. in excess. Cover the crucibles 
and let stand until the vigorous reaction 
has subsided, when they may be placed on 
the steam plate to complete solution. With 
the aid of a long-stem hard rubber or plastic 
funnel, transfer the contents of the crucibles 
to 200-ml. volumetric flasks containing 25 
ml. of boric acid solution. Rinse the 
crucibles and sides of the flask and imme- 
diately swirl the flasks to mix the solutions 
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thoroughly. From a microburette add 
amounts of standard silicate solution to 
cover the desired range of silicon in steps of 
0.2 mg. Cool the solutions to room tem- 
perature and add 10 ml. of ammonium 
molybdate solution to each. Dilute to the 
mark and mix thoroughly. Let the solu- 
tions stand for 15 min. and read the trans- 
mission or relative density of the color with 
a photometer at approximately 410 mu. 
Plot the photometer readings against milli- 
grams of silicon, or percentage of silicon. 

3. Procedure for Samples Containing No 
Phosphorus.—Treat a 1 to 1.0050-g. sample 
of the alloy under test exactly as described 
in Section 2, omitting the addition of the 
standard silicate solution. Read the per- 
centage of silicon directly from the calibra- 
tion curve. 


4. Procedure for Samples Containing Phos- 


phorus.—-The procedure for the determina- 


tion of silicon in the presence of phos- 
phorus is as follows: ‘Treat the sample as 
described in Section 2 until the ammonium 
molybdate has been added, then dilute the 
sample solution to 175 ml. and let stand for 
10 min. Add 5 ml. of citric acid (10 per 
cent), dilute to the mark, mix thoroughly, 
and read the color value at once. 


Note.— Under the above conditions the phos- 
phorus complex is bleached almost at once, 
while the silicon complex is not significantly 
affected for several minutes. Five milliliters 
of citric acid (10 per cent) is sufficient to de- 
stroy the color developed by 2.5 mg. of 
phosphorus. 


OF MANGANESE IN COPPER 


ALLOYS® 


SuBMITTED BY F, M. Barry oF THE ScoviLtL MANUFACTURING Co., WATERBURY, CONN. 


1. Reagents: (a) Bright-Larabee Acid Mix- 
ture—Mix 100 ml. of HeSO, (sp. gr. 1.84), 
125 ml. of H3PO,4 (85 per cent), 250 ml. of 
HNOs (sp. gr. 1.20), and 525 ml. of water. 

(b) Silver Nitrate Solution (0.8 per cent).— 


..* For additional information see the paper by K. W. 
Silverthorne and J. Alfred Curtis on “Colorimetry in 
0. 2, 


Metallurgical Analysis,’ Metals and Alloys, Vol. 15, 
February, 1942. 


Dissolve 0.8 per cent by weight of AgNO; in 
water. 

(c) Ammonium Persulfate Solution (25 
per cent).—Dissolve 25 per cent by weight 
of ammonium persulphate ((NH4)2S20s8) in 
water. 

2. Preparation of Standards.—Prepare 
standards by adding known amounts of 
0.05 N KMnQO, to brasses or other copper 
alloys (whose manganese content has been 


| 
| 
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determined) and following the procedure 
outlined in Section 3. As an example, 
standards may be prepared such that each 
contains 1.000 g. of manganese-free brass 
plus the following amounts of 0.05 N 
KMn0O;,: 0, 0.5, 1.0, 1.5, 2.0, and 3.0 ml., 
respectively. 

3. Procedure for Standards and Samples.— 
(a) Weigh a 1.0000-g. sample and transfer 
to a 500-ml. Erlenmeyer flask. Add 30 ml. 
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of Bright-Larabee acid mixture (Section 1 
(a)). Heat until solution is complete and 
acid fumes are driven off. Add 100 ml. of 
hot water and 10 ml. of AgNOg; (0.8 per 
cent) and bring to a boil. Add 10 ml. of 
(NH4)2 S20 (25 per cent) and boil exactly 
1 min. 

(b) Cool and dilute to exactly 200 ml. 
Take the photometer reading, using a No. 
525 filter. 


THE COLORIMETRIC DETERMINATION OF IRON IN COPPER ALLOYS 
(THIOCYANATE METHOD)' 


SUBMITTED BY THE SCOVILL MANUFACTURING Co., WATERBURY, CONN. 


1. Reagents: (a) Standard Iron Solution. 
Dissolve 0.5000 g. of pure iron wire in 
10 ml. of HNOx3 (1:2) and dilute to 1 liter. 
Determine the iron content accurately. 

(b) Electrolysis Mixture-—Mix 500 ml. 
of HeSO, (sp. gr. 1.84), 300 ml. of HNO; 
(sp. gr. 1.42), and 1700 ml. of water. 

(c) Hydrogen Peroxide (3 per cent). 

(d) Hydrochloric Acid (sp. gr. 1.19). 

(e) Ammonium Thiocyanate Solution (10 
per cent).—Dissolve 10 per cent by weight 
of ammonium thiocyanate in distilled water. 

2. Preparation of Standards.—Prepare 
standards by adding definite amounts of an 
iron solution of known iron content to 
brasses or other copper alloys (whose iron 
content has been determined) and following 
the procedure outlined in Section 3. 

¢ For additional information see the following refer- 
~~ A. Peters, Majel M. MacMasters, and Chester 
L. French, ‘‘Hydrogen Peroxide in Colorimetric Deter- 
mination of Iron by Thiocyanate,” Industrial and Engi- 
neering Chemistry, Analytical Edition, Vol. 11, No. 9, p. 
502 (1939) . 

J. T. Woods and M. G. Mellon, ‘‘Thiocyanate Method 


for Iron,”’ Industrial and Engineering Chemistry, Analyti- 
cal Edition, Vol. 13, No. 8, p. 551 (1941). 


THE COLORIMETRIC DETERMINATI( 


3. Procedure for Standards and Samples.— 
(a) Weigh a 1,0000-g. sample and transfer 
to a 200-ml. electrolysis beaker. 

(b) Dissolve and electrolyze as outlined 
in the A.S.T.M. Tentative Methods of 
Chemical Analysis of Brasses (E 36 - 42 T),’ 
following either the “Determination of 
Copper by the Electrolytic Method” or the 
“Determination of Copper and Lead Simul- 
taneously by the Electrolytic Method”. 
Reserve electrolyte and washings. 

(c) Transfer the electrolyte to a 1-liter 
volumetric flask and dilute to the mark 
with distilled water. Pipette 50 ml. of 
solution into a 200-ml. volumetric flask. 

(d) Add in succession to the 200-ml. flask, 
with stirring, 1.0 ml. of HCl (sp. gr. 1.19), 
1.0 ml. of H2O2 (3 per cent) and 25 ml. 
of ammonium thiocyanate (10 per cent). 
Dilute to the mark and mix thoroughly. 
Take the photometer reading, using a No. 
525 filter. 


7 A.S.T.M. Methods of Chemical Analysis of Metals 
(1943), p. 168. 


IN OF NICKEL IN COPPER ALLOYS 


SuspMitTeD BY F. M. BARRY OF THE SCOVILL MANUFACTURING Co., WATERBURY, CONN. 


1. Reagents: (a) Standard Nickel Solu- 
tion.—Dissolve 0.5000 g. of high purity 
nickel in 10 ml. of HNO (1:1) and dilute to 
1 liter with distilled water. 

(b) Electrolysis Mixture-—Mix 500 ml. 
of HeSO, (sp. gr. 1.84), 300 ml. of HNO; 
(sp. gr. 1.42), and 1700 ml. of water. 


(c) Citric Acid Solution (10 per cent).— 
Dissolve 100 g. of citric acid crystals in 1 
liter of distilled water. 

(d) Bromine Water.—Saturate distilled 
water with bromine, add a slight excess, 


and keep in a glass-stoppered bottle. 
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(e) Ammonium Hydroxide (1:1)—Mix 
500 ml. of NH,OH (sp. gr. 0.90) and 500 
ml. of distilled water. 

(f) Dimethylglyoxime Solution.—Dissolve 
10 g. of the c. p. salt in 1000 ml. of 95 per 
cent ethyl alcohol and filter before using. 

2. Preparation of Standards.—Standards 
may be prepared by adding definite amounts 
of a carefully standardized nickel nitrate 
solution to brasses or other copper alloys of 
known nickel content and following the 
procedure outlined in Section 3. 

3. Procedure for Standards and Sam- 
ples — (a) Weigh a 1.0000-g. sample and 
transfer to a 200-ml. electrolysis beaker. 

(b) Dissolve and electrolyze as outlined in 
the A.S.T.M. Tentative Methods of Chemi- 
cal Analysis of Brasses (E 36-42 T),’ follow- 
ing either the “Determination of Copper 


OF CoppER-BAsE ALLOYS 


by the Electrolytic Method” or the “De- 
termination of Copper and Lead Simulta- 
neously by the Electrolytic Method.” Re- 
serve the electrolyte and washings. 

(c) Transfer the electrolyte to a 1-liter 
volumetric flask and dilute to the mark 
with distilled water. Pipette 50 ml. of the 
solution into a 200-ml. volumetric flask. 

(d) Add the following reagents to the 50- 
ml. sample in the flask in the order given 
and with thorough mixing after each addi- 
tion: 10 ml. of citric acid solution (10 per 
cent), 5 ml. of saturated bromine water, 10 
ml. of NH,OH (1:1),and 3 ml. of a 1 per cent 
solution of dimethylglyoxime in alcohol. 

(e) Dilute the contents to the mark 
with distilled water and mix thoroughly. 
Take the photometer reading within 10 
min. after the addition of the reagents, us- 
ing a No. 525 filter. 


THE PHOTOMETRIC DETERMINATION OF BISMUTH IN REFINED LEAD 
WITH THIOUREA 


SuBMITTED By C, ZISCHKAU OF THE AMERICAN SMELTING AND REFINING Co., 
CENTRAL RESEARCH DEPT., BARBER, N. J. 


1. Reagents: (a) Nitric Acid (1:9).—Mix 
100 ml. of HNO; (sp. gr. 1.42) with 900 ml. 
of water. 

(b) Thiourea Solution (5 per cent).— 
Dissolve 5 g. of thiourea in water, dilute to 
100 ml., and filter. Make a fresh solution 
daily. 

2. Procedure-—(a) The lead should be 
rolled into a thin strip to facilitate solution. 
Weigh 1.000 g. of lead into a small beaker 
or a 50-ml. volumetric flask and add 15 ml. 
of HNO3 (1:9). Heat to dissolve the 
sample, boil off the brown fumes, and cool 
to room temperature. If the sample was 
dissolved in a beaker, transfer the solution 
to a 50-ml. volumetric flask with about 20 
ml. of water. If the sample was dissolved 
in a 50-ml. volumetric flask, dilute with 20 
ml. of water. Add 10 ml. of thiourea® solu- 


8C. Mahr, Zeitschrift Anal. Chem., Vol. 94, p. 161 
(1933); Vol. 97, p. 96 (1934). 


tion and dilute to the mark with water. 
Mix and transfer to a cell for measurement, 
using a No. 420 Corning glass filter. 

(b) The amount of bismuth present will 
determine the weight of sample to be taken. 
For 0.01 to 0.10 per cent of bismuth take a 
1-g. sample. For samples containing less 
than 0.01 per cent of bismuth take a 2-g. 
sample, in which case 25 ml. of HNOs (1:9) 
would be used to dissolve the sample. A 
blank, for the initial setting of the instru- 
ment, is made by dissolving the same weight 
of bismuth-free lead and carrying it through 
the same procedure as for the regular de- 
termination (Paragraph (a)). 

3. Calibration Curve-—To definite weights 
of bismuth-free lead (1 or 2 g.) add known 
amounts of bismuth as bismuth nitrate, and 
follow the same procedure as described in 
Section 2. A curve can be plotted from 
percentage transmission, or density, against 
concentration. 
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THE PHOTOMETRIC DETERMINATION OF BISMUTH IN REFINED LEAD 
AS IODIDE 


SupMitrep By C. ZISCHKAU OF THE AMERICAN SMELTING AND REFINING Co., 
CENTRAL RESEARCH DEPT., BARBER, N. J. 


1. Reagents: (a) Sulfuric Acid (sp. gr. 
1.84). 

(b) Hydrochloric Acid (1:1).—Mix equal 
volumes of HCl (sp. gr. 1.19) and water. 

(c) Potassium Iodide Solution.—Dissolve 
20 g. of KI and 0.75 g. of anhydrous NagSO3 
in water and dilute to 100 ml. 

2. Procedure-—(a) The \ead should be 
rolled into a thin sheet to facilitate solution. 
For lead analyzing from 0.003 to 0.05 per 
cent of bismuth, weigh 4.00 g. into a 250- 
ml. beaker. For higher bismuth, approxi- 
mately 0.10 per cent, weigh 2.00 g. Add 
10 to 12 ml. of HeSO, (sp. gr. 1.84), 
cover the beaker, and heat over a bur- 
ner, rotating the beaker, until the lead 
has been converted to sulfate. Place on a 
hot plate, remove the cover, and fume until 
practically all the H2SO, has been expelled. 
Remove from the heat, cool, and add 20 ml. 
of HCl] (1:1). Cover the beaker and boil 
for several minutes; then place on cooler 


part of the hot plate to prevent bumping 
(about 5 min. heating is sufficient). Re- 
move from the hot plate, cool to room tem- 
perature, and add 25 ml. of ethyl alcohol. 
Transfer to a 50-ml. volumetric flask, dilute 
to 51 ml. for a 4-g. sample, and cool in ice- 
water. Filter or centrifuge, and transfer 
25 ml. of the solution for analysis to a 100- 
ml. volumetric flask. Dilute to about 90 
ml. with water, add 5 ml. of KI solution, and 
dilute to the mark with water. Mix and 
transfer to a cell for measurement, using a 
No. 420 Corning glass filter. 

(b) A blank, for the initial setting of the 
instrument, is made by dissolving the same 
weight of bismuth-free lead and following the 
procedure described in Paragraph (a). 

3. Calibration Curve—Add known 


amounts of bismuth to definite weights of 
bismuth-free lead and follow the regular 
procedure (Section 2). A curve can be 
plotted from percentage transmission, or 
density, against concentration 
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The methods presented in this paper have been assembled from 
various sources and represent precedures that have been found suitable _ 
by the submitters, for the colorimetric determination of certain ele- 


ments in ferrous alloys. 


COLORIMETRIC DETERMINATION OF COPPER IN IRON AND STEEL 


COLORIMETRIC METHODS FOR THE ANALYSIS OF FERROUS ALLOYS 


ASSEMBLED BY ARBA THOMAS! 


BY THE DIETHYL-DITHIOCARBAMATE METHOD 


7 a SUBMITTED BY ARBA THOMAS, THE AMERICAN ROLLING MILt Co. 


1. Principle of Method.—The proce- 
dure described below is especially de- 
signed for the rapid routine determina- 
tion of copper in steels where the nickel 
content is below 0.25 per cent (Note 1). 
In this procedure the color measurements 
are made with a Klett-Summerson photo- 
electric colorimeter, using Klett filter 
No. 47 (transmission limits 445 to 
505 my). 

2. Reagents: (a) Ammonium  Persul- 
fate (4 per cent).—Dissolve 4 g. of reagent 
grade ammonium persulfate ((NH4)2S20s) 
in 100 ml. of distilled water. This 
solution should be made up fresh daily. 

(b) Sodium Diethyl Dithiocarbamate 
(0.15 per cent).—Dissolve 1.5 g. of sodium 
diethyl dithiocarbamate in 1 liter of dis- 
tilled water. Store in a brown bottle, 
and prepare fresh each month. 

3. Procedure.—(a) Dissolve 0.1 g. 
(Note 2) of millings or drillings in a 
125-ml. Erlenmeyer flask with 10 ml. 
of HNO; (1:2) (Note 3). Add 15 ml. of 
ammonium persulfate (4 per cent) and 
boil for 1 min. Remove from the hot 
plate, cool, and add 10 ml. of citric acid 


1 Chief Chemist, Research Laboratories, The American 
Rolling Mill Co., Middletown, Ohio. 
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solution (35 per cent) and 10 ml. of 
NH,OH (sp. gr. 0.90). Cool to room 
temperature and add approximately 1 
ml. of NH,OH (sp. gr. 0.90) and 10 ml. 
of sodium diethyl dithiocarbamate. 
Mix, and allow to stand for 15 to 40 sec. 
Transfer to a 125-ml., pear-shape sepa- 
ratory funnel, add 50 ml. of butyl ace- 
tate, and mix thoroughly by shaking. 
Place the funnel in an upright position, 
and allow the layers to separate. Care- 
fully drain and discard the lower acid 
layer; then drain the butyl] acetate layer 
containing the extracted colored copper 
compound into a dry 50 ml. volumetric 
flask. Dilute to 50 ml. with butyl ace- 
tate and mix thoroughly by shaking. 

(b) Rinse out the colorimeter absorp- 
tion tube with a few millimeters of the 
colored butyl acetate solution, discard, 
and then add at least 5 ml. of the colored 
solution to the absorption tube. Care- 
fully wipe the tube to remove stains, 
place in the photoelectric colorimeter 
(Note 4), and determine the dial reading 
(Note 5). Correct the dial reading for 
a blank (Note 6), and determine the 
percentage of copper by reference to a 
conversion chart or a calibration curve 
(Note 7) previously prepared. 


ia | 


770 SYMPOSIUM ON COLORIMETRY AND PHOTOMETRY 


EXPLANATORY NOTES 


Note 1.—Cobalt above 0.10 per cent also 
interferes. Nickel and cobalt form compounds 
with diethy! dithiocarbamate and are extracted 
with butyl acetate. However, small amounts 
do not seriously interfere when filter No. 47 
is used. 

Nore 2.—An 0.05-g. sample should be used 
when the copper is over 0.25 per cent. 

Note 3.—Add1 ml. of HCI (sp. gr. 1.18) when 


method are for the Armco Research Klett- 
Summerson instrument only and are shown for 
purposes of illustration. 


TABLE I.—CONVERSION TABLE FOR COPPER - 
DIETHYL DITHIOCARBAMATE COLORIMETRIC 
METHOD. 


(0.1-g. Sample Diluted to 50 ml. with Buty! Acetate, Using 
the Klett-Summerson Colorimeter with Filter No. 47) 


dissolving high-chromium steels. Cop- || | Cop- || Cop- 
Note 4.—The zero adjustment of the Klett- ya 
Summerson photoelectric colorimeter, with filter cent | cent cent 
No. 47 in place, should be obtained previously by 
¥°Y 40........| 0.010] 78....... | 0.084 || 146....... 0.168 
using vutyl acetate as t e relerence solution. 12........| 0.012 | 80....... 0.086 || 148.......| 0.171 
No. 47 is in place and the absorption tube con- 18. 0.018] 6. 0.093 2 0.179 
tains clean butyl acetate. Place the absorption = 0.097 158 0.185 
tube in the colorimeter, turn on the light and 44 0.025 || 92... 0,099 160... 488 
instrument, and leave it on for a few minutes. 
Then set the scale dial on zero and adjust the 4% — | 0.031 pe 0.106 || 166. | 0.196 
zero adjustment knob, which is to the left of the 0.088 
absorption cell, until the pointer is brought back 7 "| 9/037 |i 104 0.113 | 172 | 0.205 
exactly to the zero line. 38 | 0.039 || 106 0.116 74 0.208 
( | 0.041 || 108 0.211 
Note 5. In determining the dial reading the o Hy 110 0.120 |] 178 | 0.214 
scale dial is turned until the pointer is brought 44....... | 0.046 M12 0.123 ae 0.217 
46 0.048 |] 114....... .125 |] 182. .220 
back exactly to the zero line. 48... .| 0.050 |} 116 .| 0.128 |] 184...... 0.223 
Note 6.—A blank should be determined on 50....... 0.052 0.130 186 0.226 
reage end a new bk 52. 0.054 || 120...... |] 188...... 0.229 
the reagents alone, and a new blank determined 34 1122 0.136 1190. 0.232 
whenever a new lot of reagents is obtained. 56 ..| 0.058 |] 124....... 0.18 | $08 Rewases 0.235 
0.061 || 126 0.14 | 0.239 
Note The calibration curve is not a | 0.063 || 128 0.144 || 196 | 
straight line; therefore a factor cannot be used. 62 0.065 130 | 0.146 198 ae 0.305 
The cali 64 0.067 |] 132....... | 0.149 |} 200...... | 0.248 
rhe calibration curve must be carefully prepared 6 | o070 || 134 0.152 || 202 0.251 
using standard steels of known copper contents. 68 | 0.072 |} 136 .| 0.155 }} 204...... 0.254 
| 0.074 || 138....... 0.157 || 206...... 0.258 
From the calibration curve a conversion table 72 0.076 11140... 0.160 || 208. | 0.261 
may be prepared if desired. The curve (Fig. 1)  74........ 442 0.163 | 
and conversion table (Table I) given in this 
240 T T T 
| | 
| | 
zc 
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160 
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40}— 
0.03 0.06 009 0.15 0.18 0.21 0.24 0.27 


Copper, per cent 


Fig. 1.—Calibration Curve for the Determination of Copper in Iron and Steel by the Diethyl 
Dithio-Carbamate Method—Research Laboratories’ Klett-Summerson Photoelectric Colorimeter 
Using Klett Filter No. 47. 


(0.1-g. sample diluted to 50 ml. with Butyl Acetate.) 


is b 
vol. 
the 
cole 
inte 
pere 
pho 
42. 
The 
pec! 
dete 
stee 
chre 
con 
mos 
con’ 
per 
fere 
per 

2. 
mill 
mou 
HC 
(sp. 
(70 
and 
2 to 
redc 
add 
vola 
the 
the 
HC 
the 
was 


N 
this 
titan 
oxide 
as 1 
so th 


= 


yl 
er 


COLORIMETRIC DETERMINATION OF TITANIUM IN CHROMIUM- 
ALLOYED STEELS, USING A KLETT-SUMMERSON PHOTO- 
ELECTRIC COLORIMETER WITH FILTER NO. 42 


SUBMITTED By ARBA THOMAS, THE AMERICAN ROLLING MILL Co. 


1. Principle of Method——This method water, and dilute to 75 ml. Place the 
is based on the removal of chromium by _ flask on a hot plate and boil for 2 age 
volatilization as chromyl chloride and to remove free chlorine. Add 1 to 2 
the ultimate determination of titanium ml. of a 6 per cent solution of NaNO, 
colorimetrically by measurement of the to reduce any chromium remaining in 
intensity of color developed by hydrogen _ the solution, and continue boiling until 
peroxide by means of a Klett-Summerson all brown fumes are expelled. Cool the 
photoelectric colorimeter, using filter No. solution to room temperature, filter to. 
42 (transmission limits 400 to 450 my). remove silicic acid, catching the filtrate — 
The procedure described below is es- in a 100 ml. volumetric flask, wash with 
pecially designed for the rapid routine cold water, and dilute to the mark. 7 
determination of titanium in stainless (6) Rinse the colorimeter absorption 
steels (ferritic and austenitic) and in tube first with distilled water, followed — 
chromium steels where the vanadium by a portion of the solution. Discard, 
content is below 0.05 per cent, and is and then add at least 5 ml. of the solu- | 
most satisfactory when the titanium tion to the absorption tube (Note 4). 
content is in the range of 0.10 to 0.60 Carefully wipe the tube to remove finger- 
per cent (Note 1). Vanadium inter- prints or stains, place the tube in the 
feres, if present in amounts above 0.05 photoelectric colorimeter, and make the 
per cent. zero adjustment (Note 5). Add 1 ml. 

2. Procedure.—(a) Dissolve 0.5 g. of | of H,Oz (30 per cent) to the main solu- 
millings or drillings in a 500-ml. wide- tion in the volumetric flask to develop 
mouth Erlenmeyer flask with 15 ml. of the titanium color. Discard the refer- 
HCl (sp. gr. 1.18) and 5 ml. of HNOs ence solution and add at least 5 ml. of 
(sp. gr. 1.42). Add 30 ml. of HClO; the colored solution to the colorimeter 
(70 per cent), take to pees fumes, absorption tube, again wipe the tube to 
and fume profusely for + cares for remove stains, place in the colorimeter 
2 to 3 min. after the solution turns 

_ in exactly the same position as before, 
cater (Note 2). and determine the dial reading (Note 6). 


addition add 2 to 3 g. of solid NaCl to ‘Whe 
volatilize most of the chromium. After ‘Wate tne percentage of 


the NaCl is dissolved, continue to boil Present by multiplying the dial reading 
the solution for 1 to 2 min. to expel the by a predetermined factor (Note /), or 
HCl (Note 3). Remove the flask from find the percentage of titanium present 
the hot plate, cool slightly, cautiously from a conversion graph previously pre- 
wash down the sides of the flask with hot pared (Note 8). 


IXPLANATORY NOTES 


Nore 1.—The titanium value obtained by of titanium found may be reported as total 
this method does not include that present as titanium. 
titanium oxide (TiO,). The amount of titanium Norte 2.—-The chromium must be completely 
oxide present in titanium-bearing steels, such oxidized and the HCIO, fuming profusely for 
as 18-10 Ti stainless, is generally insignificant, best effic “an in removing the chromium. 
so that for all practical purposes the percentage Note 3.--Do not evaporate below 10 ml., as 
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on subsequent dilution hydrolysis of titanium 
hydroxide is likely to occur if the acidity is 
too low. 

Nore 4.—In this procedure the HCIO, solu- 
tion containing the iron, nickel, titanium, etc., is 
used as the reference solution before H,O2 is 
added. In this way the dial is a reading meas- 
ure of the light absorbed by the titanium color 
only. The absorption cell must be well rinsed 


knob is turned until the pointer is brought back 
exactly to the zero line. 

Nore 7.—When the scale reading is plotted 
against the percentage of titanium, a straight 
line is obtained when the percentage of titanium 
is from 0.10 to 0.60 per cent; therefore, the 
factor may be determined by using Bureau of 
Standards’ standard sample No. 121a, which 
contains 0.361 per cent titanium. 
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Fig. 2.—Colorimetric Determination of Titanium in Stainless Steel With Klett-Summerson Photo- 
electric Colorimeter, Using Filter No. 42. 
(0.5-g. sample diluted to 100 ml.) 


at this point if previously used for titanium, as 
any trace of H,Os left in the tube will partially 
develop the titanium color. 

Nore 5.—In making the zero adjustment, 
the scale dial is set on zero and the instrument 
is allowed to reach equilibrium by leaving it on 
for at least 15 min.; then the zero adjustment 
knob, which is to the left of the absorption cell, 
is adjusted until the pointer is brought back 
exactly to the zero line. 

Nore 6.—In determining the dial reading, the 


0.361 j 
Patter = 
dial reading 7 
Note 8.—A graph (Fig. 2), showing the 
curve obtained on the Armco Research Klett- 
Summerson instrument, is attached for purposes 
of illustration. Jt is to be understood, however, 
that this curve applies only to the Armco Research 
instrument and is not to be used with any other 
Klett-Summerson colorimeter. It is absolutely 
necessary that a curve be established for each indi- 
vidual instrument. 


COLORIMETRIC DETERMINATION OF PHOSPHORUS AS 
MOLY DIVANADOPHOSPHORIC ACID 


SUBMITTED BY M. G. MELLON, PuRDUE UNIVERSITY 


1. Principle of Method.—Yhe follow- 
ing procedure, based upon a study of 
various steels from the National Bureau 
of Standards, is recommended for the 
colorimetric determination of phosphorus 


in plain carbon steels and certain low- 
alloy steels. 

2. Procedure.—(a) Weigh a 0.5-g. rep- 
resentative sample into a 150 ml. conical 
flask. Add 20 ml. of HNOs (1:2), and, 


| 


rT] 


to- 


after violent action ceases, boil for 2 
min. to remove nitrous oxide fumes. 
Add 5 ml. of a freshly prepared 7.5 per 
cent aqueous solution of ammonium 
peroxydisulfate ((NH4)2S.0s) and boil 3 
to 5 min. to destroy the excess. 

(b) Add 10 ml. of 0.25 per cent am- 
-monium vanadate solution to the hot 
steel solution and then cool to room 
_ temperature. Add 20 ml. of 5 per cent 
ammonium molybdate solution, mix 
thoroughly, and transfer the solution to 
a 100-ml. volumetric flask. Dilute to 
the mark, mix, and measure the color 
intensity by any suitable means. A 
blue filter with maximum transmission 
near 470 my is suitable for a filter 
jot. With a spectrophotometer 


1. Introduction.—The increasing de- 
mand for molybdenum steels, as well as 
the popularity of recently simplified 
photoelectric colorimeters, was responsi- 
ble for the development of this method 
for the rapid colorimetric determination 
_ of molybdenum by means of a photo- 
electric colorimeter (Note 1). This 
method is less time-consuming, main- 
_ tains the necessary accuracy, and elimi- 
- nates the human error in color compari- 
_ son. The method has been in use in the 

Timken laboratories for the past 3 yr. 

It is the fastest procedure known to this 

laboratory for the accurate determina- 

tion of molybdenum in steel, requiring 

7 min. to weigh the sample and complete 

the entire operation. It is possible to 
determine molybdenum steel con- 
taining up Lo 6 per cent of this element by 
decreasing the sample as the percentage 
of molybdenum increases. 

2. Reagents: (a) Nitric-Sulfuric Acid 
Mixture.—Add 1800 ml. of H2SO, (sp. 
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COLORIMETRIC DETERMINATION OF MOLYBDENUM IN 
ALLOY STEELS 


SUBMITTED BY E. R. VANCE, TIMKEN ROLLER BEARING Co., STEEL ; 
AND TUBE DIVISION 


the best wave length is the range 460 
to 480 mu. 

(c) The photometric calibration curve 
may be prepared by using a series of 
steels of known phosphorus content, or 
by adding known amounts of phosphorus 
to solutions of a single analyzed steel. 
Since Beer’s law applies, one may extra- 
polate to concentrations of phosphorus 
below that of the standard. If several 
types of steels, having compositions not 
too different but giving different back- 
ground colors, are to be analyzed, an 
average calibration curve may be pre- 
pared from the average of the results ob- 


tained. In any questionable case, how- 
ever, the first alternative mentioned 


should be followed. 


gr. 1.84), cautiously, to 6 liters of water, 
and then add 2800 ml. of HNOs (sp. gr. 
1.42). 

(b) Hydrochloric Acid (1:5). 

(c) Potassium Thiocyanate Solution (5 
per cent).—Dissolve 50 g. of KCNS in 1 
liter of water. 

(d) Stannous Chloride Solution.—Dis- 
solve 500 g. of SnCle in 400 ml. of HCI 
(sp. gr. 1.18) and add 1600 ml. of water. 

3. Procedure for Steels Containing up 
lo 0.50 per cent of Molybdenum.—(a) 
Transfer 0.1 g. of the sample to a 200-ml. 
Erlenmeyer flask. Add 6 ml. of the 
HNO; — H.SO, mixture to dissolve. 
When in solution, rinse the inner walls 
of the flask with approximately 5 ml. of 
water from a wash bottle and boil the 
solution for 1 min. 

(b) Add 30 ml. of FIC] (1:5) and bring 
the solution to a boil (Note 2). Remove 
from the hot plate and place in running 
water until cold. Add 5 ml. of KCNS 
(5 per cent) and shake. Add 50 ml. of 
ether (Note 3), followed by 10 ml. of 
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SnCly solution. The reduced iron will 
be colorless in solution, while the molyb- 
denum produces an orange-red color, 
the intensity depending upon the amount 
present. 

(c) Immediately transfer the solution 
to a 500-ml. separatory funnel, which is 
stoppered and shaken vigorously. Allow 
to stand until the ether and acid layers 
have separated. Drain and discard the 
lower aqueous solution, and transfer the 
remaining ether containing the extracted 
molybdenum to a 50-ml. volumetric 
flask. Fill the flask to the mark, if 
necessary, with ether and return the 
solution to the original 200-m]. Erlen- 
meyer flask. Shake to insure uniform 
mixing. First rinse, then fill a matching 
cell with the ether extracted. Insert 
the cell in the photoelectric colorimeter, 
obtain the dial reading, and convert to 
percentage of molybdenum from a chart 
previously prepared from a curve made 
by analyzing steels with known molybde- 
num contents (Note 4). 

4. Procedure for Steels Containing up 
to 1.00 per cent of Molybdenum.—Deter- 
mine molybdenum as described in: Sec- 
tion 3, with the following modifications: 


Use 0.1 g. of the sample, treat with a 
double portion of KCNS and SnCh, and 
dilute the ether extract to 100 ml. in a 
volumetric flask. Multiply the color- 
imeter reading by 2. 

5. Procedure for Steels Containing up 
to 6.00 per cent of Molybdenum.—Dis- 
solve 0.1 g. of the sample in 15 ml. of 
aqua regia (2 parts of HCl to 1 part of 
HNO;). Dilute to 500 ml. in a volu- 
metric flask and draw off 25 ml. for a 
sample. Add 30 ml. of HCI (1:5) and 
complete the determination as described 
in Section 3 (b) and (c). The result 
multiplied by 20 equals the percentage of 
molybdenum. 

6. Procedure for Steels Containing 
Tungsten and 6 per cent of Molybdenum. 

Dissolve 0.1 g. of the sample in 20 ml. 
of HeSO, (sp. gr. 1.84) and 4 ml. of 
H;PO, (85 per cent). Oxidize with 
HNO; (sp. gr. 1.42) from a dropping 
bottle and boil. Dilute to 500 ml. in a 
volumetric flask and draw off a 25-ml. 
sample. Add 30 ml. of HCl (1:5) and 
complete the determination as described 
in Section 3 (6) and (c). The result 
multiplied by 20 equals the percentage 
of molybdenum. 


EXPLANATORY NOTES 


Note 1.--A Klett-Summerson photoelectric 
colorimeter, industrial model with adapter for 
test tube cells, is used for this work. The in- 
strument employs a balanced circuit with two 
photocells, which eliminates any deflection due 
to a surge in the 110-v. power supply. 

Note 2.—This method eliminates the neces- 
sity for fuming, and by the use of the more com- 
mon acids the danger of fire and explosion is 
removed. 


Notre 3.—U.S.P. or “Purified” grade ether 
is used for extraction, since the separation is 
more rapid than with other extractants, and the 
ether requires no special treatment but is used 
as received. 

Norte 4.—Fading is not encountered, since it 
is not necessary to use color standards. Errors 
due to fatigue, eyestrain, and color blindness are 
no longer a problem with color matching being 
performed with a photoelectric colorimeter. 


~ DETERMINATION OF PHOSPHORUS, MANGANESE, MOLYBDENUM, 


oe AND TITANIUM IN STAINLESS STEELS BY GLASS 
COLOR FILTER PHOTOMETRY 


SUBMITTED BY W. J. Boyer, RustLess TRON AND STEEL Corp. 


All of the so-called photoelectric color- 


jmeters can be used for measuring the 


transmission or density of the solutions 
obtained by following all the steps of the 
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following recommended procedures for 
determination of phosphorus, man- 
ganese, molybdenum, and titanium by 
glass color filter photometry. The ap- 
propriate glass color filters for the 
determination of each particular element 
are indicated under the procedure for 
that element. Experiments for the de- 
velopment of the procedures were carried 
out with a solution thickness of approxi- 
mately 12 mm. Supporting experi- 
mental data, spectrophotometric curves, 
and photometer calibration curves have 
all been investigated and will be pre- 
sented in an early publication. 


RECOMMENDED PROCEDURE FOR 
PHOSPHORUS 


1. Apparatus: Glass Color Filter.—¥or 
the colorimetric determination of phos- 
phorus in stainless steels the following 
combination of Corning glass color filters 
has been found useful; one No. 2412 
(approximately 5.0 mm. thick) plus one 
No. 5551 (approximately 5.5 mm. thick). 

2. Reagents: (a) Sodium Sulfite Solu- 
tion.—Dissolve 100 g. of anhydrous 
NaeSO; in 500 ml. of water and dilute to 
1 liter. Filter the solution before use. 

(b) Hydrazine Sulfate Solution.—Dis- 
solve 1.5 g. of hydrazine sulfate in 1 
liter of water. 

(c) Ammonium Molybdate Solution.— 
Add 300 ml. of H.SO, (sp. gr. 1.84) to 
500 ml. of water and cool the solution to 
room temperature. Dissolve 20 g. of 
ammonium molybdate in the H,SO, 
solution and dilute to 1 liter with water. 

(2d) Ammonium Molybdate - Hydra- 
sine Sulfate - Sodium Sulfite Reagent. 
—Dilute 25 ml. of the ammonium 
molybdate solution to 60 ml. with water. 
Add 10 ml. of the hydrazine sulfate solu- 
tion and 20 ml. of the NaeSO; solution, 
and dilute to 100 ml. with water. This 
reagent is not stable and. must be pre- 
pared as needed. 

3. Procedure.—(a) Transfer a 0.050 g. 
sample (Note 1) to a 125-ml. Erlenmeyer 


flask and treat the sample with 10 ml. 
of a mixture of HNOs (sp. gr. 1.42) and 
HCl (sp. gr. 1.19) (1:1). Heat gently 
until solution of the sample is complete. 
Add 4 ml. of HCIO, (sp. gr. 1.66) and 
evaporate until the HClO, vapors con- 
dence freely in the neck of the flask and 
all the chromium is oxidized to chromic 
acid. 

(b) Cool the flask and its contents 
slightly, and add 10 ml. of water and 
15 ml. of the NasSO; solution. Heat the 
solution to boiling and boil gently for 
not less than 1 min. and not more than 2 
min. Cool the solution rapidly to 20 C. 
and then transfer it to a 50-ml. volu- 
metric flask. Add 20 ml. of the am- 
monium molybdate - hydrazine sulfate 
- sodium sulfite reagent and dilute to 
the mark with distilled water. Mix the 
solution thoroughly. 

(c) Transfer exactly 10 ml. of the 
solution to a clean, dry, colorimeter tube 
and measure the density due to the 
colored ions of chromium, nickel, iron, 
etc. To develop the blue phospho- 
molybdenum color, heat the colorimeter 
tube and its contents for not less than 8 
min. and not more than 10 min. in boil- 
ing water. The heating is most con- 
veniently done by immersing the color- 
imeter tube in 25 to 30 ml. of boiling 
water contained in a 125-ml. Erlenmeyer 
flask. After complete development of 
the blue phosphomolybdenum color by 
heating, cool the colorimeter tube and 
its contents rapidly to 20 C. and dilute 
to exactly 10 ml. with distilled water. 
Mix the contents of the colorimeter tube 
thoroughly. Measure the increase in 
density due to the blue phosphomolyb- 
denum color. Subtract the colorimeter 
reading of the unheated solution from 
the colorimeter reading of the heated 
solution to obtain the density due to 
the blue phosphomolybdenum color. 

(d) The percentage of phosphorus 
found in the steel sample must be cor- 


. 


rected for the amount of phosphorus 
present in the reagents which are used. 
The reagents used must be checked 
periodically and the proper correction 
applied if the amount of phosphorus in 
them is found to vary. Two methods 
for determining this correction are as 
follows: 


1 


(1) By carrying a standard steel 
sample of a known phosphorus content 
through all the steps of Paragraphs 
(a) to (c), or 

(2) By carrying all the reagents, 
without a steel sample, through all of 
the steps of Paragraphs (a) to (c). 


EXPLANATORY NOTE 


Note 1.—The usual amount of columbium 
and selenium found in certain types of stainless 
steel does not interfere in the determination of 
phosphorus by this method. ‘Tungsten will not 
cause interference in the method as written when 
the amount present is less than 5 per cent. 


RECOMMENDED PROCEDURE FOR 
MANGANESE 


1. Apparatus: Glass Color Filter.—¥or 
the colorimetric determination of man- 
ganese in stainless steels, two different 
Corning glass color filter combinations 
have been found useful. For low man- 
ganese contents, where the greatest ac- 
curacy is desired, the following combina- 
tion of Corning glass color filters has 
been found useful; one No. 3384 (ap- 
proximately 3.0 mm. thick) plus two 
No. 4203 (approximately 4.0 mm. thick). 
For high manganese contents, where a 
greater deviation can be tolerated, the 
Corning glass color filter No. 5543 
(approximately 4.0 mm. thick) has been 
found useful. 

2. Reagents: (a) Sulfuric Phosphoric 
Acid Mixture.—Add 500 ml. of H2SO, 
(sp. gr. 1.84) to 250 ml. of water, mix, 
and cool to room temperature. To the 
cooled solution, add 250 ml. of H3PO, 
(sp. gr. 1.69). 

(b) Potassium Periodate Solution.— 
Dissolve 5.0 g. of KIO, in 1 liter of dis- 
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tilled water. Filter the solution be- 
fore use. 

3. Procedure.-(a) Transfer a 0.050 g. 
sample (Note 1) to a 200-ml. Erlenmeyer 
flask and dissolve the sample by treating 
it with 10 ml. of a mixture of HNO; 
(sp. gr. 1.42) and HCl (sp. gr. 1.19) 
(1:1). After solution of the sample, 
add two drops of HF (sp. gr. 1.15) and 
10 ml. of HClO, (sp. gr. 1.66) (1:1). 
Evaporate the solution until the HClO, 
vapors condense freely in the neck of 
the flask and all of the chromium is 
oxidized to chromic acid. Cool the flask 
and its contents and add 20 ml. of water, 
20 ml. of HeSO, — HPO, solution, and 
10 ml. of KIO, solution. Bring the 
solution to a boil and continue the boil- 
ing for approximately 1 min. 

(b) Cool the flask and its contents to 
room temperature. ‘Transfer the solu- 
tion to a 100-ml. volumetric flask, add an 
additional 20 ml. of H.SO, — H3PO, 
solution, and dilute to the mark with 
water. Mix the solution thoroughly. 
Transfer exactly 10 ml. of the solution 
to a clean, dry colorimeter tube and 
measure the density due to the colored 
ions of manganese, chromium, nickel, 
and iron. Record as reference plus color 
reading. 

(c) To the colorimeter tube add two 
drops of HCl (sp. gr. 1.19). Mix the 
solution thoroughly and allow to stand 
for approximately 1 min. Measure the 
decrease in density due to the reduction 
of the colored manganese ion and record 
as the reference reading. Subtract the 
reading of the reference solution from the 
reading of the colored solution and 
multiply the difference reading by the 
factor previously established for the 
particular colorimeter and glass filter 
combination. 


Nore. 1.—Tungsten, columbium, selenium, 
titanium, and moderate amounts of cobalt (less 
than 2.5 per cent) will cause no interference in 
the method as written. 


EXPLANATORY NOTE) 
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RECOMMENDED PROCEDURE FOR 
MOLYBDENUM 


1. Apparatus: Glass Color Filters.— 
For the colorimetric determination of 
molybdenum in stainless steels, two dif- 
ferent Corning glass color filter com- 
binations have been found useful. For 
low molybdenum contents, where the 
greatest accuracy is desired, the follow- 
ing combination of Corning glass color 
filters has been found useful; one No. 
3389 (approximately 2.0 mm. thick) plus 
one No. 5543 (approximately 5.0 mm. 
thick). For high molybdenum contents, 
where a greater deviation can be tolera- 
ated, the following combination of 
Corning glass color filters has been 
found useful; one No. 3384 (approxi- 
mately 3.0 mm. thick) plus two No. 4303 
(approximately 4.0 mm. thick). 

2. Reagents: (a) Sodium Thiocyanate 
Solution.—Dissolve 150 g. of NaCNS 
in 1 liter of distilled water. Filter the 
solution before use. 

(6) Stannous Chloride Solution.—Dis- 
solve 300 g. of SnCle in 200 ml. of hot 
HCl (sp. gr. 1.19) and dilute to 1 liter 
with distilled water. Filter the solution 
before use. Add a few pieces of metallic 
tin to the filtered stock solution to pre- 
vent oxidation. 

3. Procedure.—(a) For stainless steels 
containing selenium and more than 1 
per cent copper, the procedure should be 
modified as indicated in Notes 1 and 2. 
Tungsten does not interfere if the amount 
present is less than 5 per cent. 

(6) Transfer a 0.05 g. sample to a 
200-ml. Erlenmeyer flask and dissolve 
the sample by treating it with 10 ml. of 
a mixture of HNO; (sp. gr. 1.42) and 
HCl (sp. gr. 1.19) (1:1). After solution 
of the sample, add two drops of HF (sp. 
gr. 1.15) and 10 ml. of HCIO, (sp. gr. 
1.66) (1:1). Evaporate the solution 
until the HClO, vapors condense freely 
in the neck of the flask and all of the 
chromium is oxidized to chromic acid. 
Cool the flask and its contents and add 
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1.84) (1:1), and 25 ml. of SnCl, solution. 
Bring the solution to a boil and con- 
tinue the boiling for not less than 2 min, 
and not more than 3 min. 

(c) Cool the flask and its contents 
to room temperature, transfer the solu- 5 
tion to a 100-ml. volumetric flask, and 
dilute to the mark with HCl (1:99). 
Mix the solution thoroughly (when 
selenium is present, see Note 1). Trans- 
fer exactly 10 ml. of the solution to a_ 
clean, dry colorimeter tube and a 
the density of this solution. Record the 
density as the reference reading. 
(d) To develop the orange = 


25 ml. of water, 25 ml. of H2SO, (sp. gr. 


molybdenum thiocyanate complex, add 
1 ml. of NaCNS solution to the color- 
imeter tube from a burette and mix the 
solution thoroughly. From another 
burette, add 1 ml. of the SnClp solution 
to the colorimeter tube and again mix — 
the solution thoroughly. When more 

than 1 per cent of copper is present, the 

solution will develop a turbidity at this 

point and the procedure should be modi- 

fied as directed in Note 2. Allow the 

color to develop for approximately 5 

min. before measuring the increase in 

density due to the molybdenum thio- 
cyanate complex. 

(e) Subtract the reading of the refer- 
ence solution from the reading of the 
colored solution and multiply the differ- 
ence by the factor previously established 
for the particular colorimeter and glass 


filter combination. 


Nore 1.—For stainless steels containing 
selenium the procedure as written must be modi- 
fied as follows: Filter approximately 15 to 20 
ml. of the solution through a dry, tight, filter 
paper. Transfer exactly 10 ml. of the filtered 
solution to a clean, dry, colorimeter tube and 
measure the density of this solution. Record 
the density as the reference reading. Develop 
the orange colored molybdenum thiocyanate 
complex as described in Section 3 (d). 


EXPLANATORY NOTES 


Ss 
n 
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Note 2.—-When more than 1 per cent of 
copper is present, add to the colorimeter tube 
0.1 g. of solid NaCNS. Mix the solution until 
the sodium thiocyanate has completely dis- 
solved and then filter the contents of the tube 
through a dry, tight filter paper. Clean and 
dry the tube, transfer approximately 10 ml. of 
the filtered solution to the colorimeter tube, and 


measure the increase in density due to the 


molybdenum thiocyanate complex. 


RECOMMENDED PROCEDURE 
TITANIUM 


1. Apparatus: Glass Color Filter.—For 
the colorimetric determination of 
titanium in stainless steels, the Corning 
glass color filter No. 5113 (approximately 
4.0 mm. thick) has been found useful. 

2. Reagent: Hydrogen Peroxide (30 per 
cent). 

3. Procedure.—(a) Transfer a 0.050 g. 
sample (Note 1) to a 200-ml. Erlenmeyer 
flask and treat the sample with 10 ml. 
of a mixture of HNOs (sp. gr. 1.42) and 
HCl (sp. gr. 1.19) (1:1). Heat gently 
until the solution of the sample is com- 
plete. Add 10 ml. of HClO, (sp. gr. 
1.66) (1:1), 5 ml. of H3PO, (sp. gr. 1.69) 
(1:3), and two drops of HF (sp. gr. 1.15). 
Evaporate until the HClO, vapors con- 
dense freely in the neck of the flask and 
all of the chromium is oxidized to chromic 
acid. 

(6) Cool the flask and its contents 
slightly and add 5 ml. of water to dis- 
solve the salts. Reduce the chromic 
acid to the trivalent state by adding 5 ml. 
of water which has been saturated with 


to the mark with water. 


SOz. Bring the solution to a boil and 
continue the boiling until the excess of 
SO2 has been expelled. Add 5 drops of 
HNO; (sp. gr. 1.42) to oxidize the iron 
to the trivalent state, and then add 10 
ml. of H2SO, (sp. gr. 1.84) (2:3). Allow 
the solution to boil for 1 min. more. 

(c) Cool the solution to 20 C., transfer 
to a 25-ml. volumetric flask, and dilute 
Mix the solu- 
tion thoroughly. Transfer a portion of 
the solution to a clean, dry, colorimeter 
tube and measure the density due to the 
colored ions of chromium, nickel, and 
iron. Add two drops of H.O2 (30 per 
cent) to the solution in the colorimeter 
tube. Mix the solution thoroughly. 
Measure the increase in density due to 
the yellow titanium peroxide. 

(d) Subtract the colorimeter reading 
of the unperoxidized solution from the 
colorimeter reading of the peroxidized 
solution and multiply the difference by 
the factor previously established for the 
particular colorimeter and glass filter 
combination. 


EXPLANATORY NOTE 


Note 1.—Residual amounts of columbium 
will cause no appreciable error for titanium in 
the method as written. In analyzing chromium- 
nickel-columbium bearing stainless steels for 
titanium, a positive error of approximately 0.04 
to 0.05 per cent of titanium will be obtained. 
Vanadium will not interfere appreciably if the 
amount present is less than 0.15 per cent. 
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ROUND-TABLE DISCUSSION ON CENTRIFUGAL CASTINGS 


SUMMARY OF PROCEEDINGS—PREPARED BY N. L. MocuHEL! 


A round-table discussion on centrif- 
ugal castings was held jointly with the 
American Foundrymen’s Association 
during the Annual Meeting of the 
Society, in New York City, on June 28, 
1944. A. E. Schuh cooperated in the 
arrangements and in the procurement of 
discussion leaders. 

It had been agreed that the discussion 
would be quite informal, and that no 
official record would be made of the 
various presentations. Tentatively, the 
discussion was to be a preliminary one 
to a possible later formal session on the 
subject. 

Discussion Leaders Were: 
T. S. Quinn, Treasurer, Lebanon Steel 

Foundry 
A. E. Schuh, Director of Research, U. S. 

Pipe and Foundry Co. 

John Howe Hall, Research Metallurgist, 

General Steel Castings Corp. 

C. V. Nass, Foundry Div., Pettibone 

Mulliken Corp. 

Col. H. H. Zornig, Ordnance Dept., 

Watertown Arsenal 
J. T. MacKenzie, Chief Metallurgist, 

American Cast Iron Pipe Co. 

A. P. Spooner, Metallurgical Engineer, 

Bethlehem Steel Co. 

Many others joined in the discussions. 

The discussions illustrated the three 
general methods of centrifugal casting, 
and introduced such terms as the “true 
centrifugal” method, which involves 
spinning the casting about its own axis 


and using centrifugal force to hold the 
metal to the wall of the mold, no matter 
whether the axis is horizontal, verti- 
cal or inclined; the ‘“semi-centrifugal’”’ 
method involving spinning the casting 
about its axis, in which the speed of rota- 
tion is lower than that above, and in 
which the rotation aids in flowing the 
liquid metal into all mold cavities; and 
the ‘centrifuging’? method in which the 
molds are located in various desired posi- 
tions and centrifugal force is used merely 
to provide liquid pressure. 

The discussions served to leave an ex- 
cellent impression of the extent to which 
the three methods are in use today. 
The semi-centrifugal and centrifuging © 
methods are used widely in producing 
castings to existing specifications, and | 
the application of these methods would _ 
appear to involve no modifications to 
existing specifications and testing prac- 
tices. Product produced by the “true — 
centrifugal” method has necessitated 
testing practices pertinent to the appli- 
cation of the product. 

The use of the three methods for pro- 
ducing many of our war-time products 
was well illustrated, and such products | 
are being put to the test, so to speak, and © 
the future will depend upon the results. | 

A feeling came from the discussion that | 


ing with the subject. 
a Manager, Metallurgical Engineering, Westinghoues 
Electric and Manufacturing Co., Philadelphia, Pa. 
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CURING CONDITIONS ON THE COMPRESSIVE STRENGTHS 
OF CEMENT-LIME MORTARS 


By G, J. Fink! al 


SYNOPSIS 


_ Compressive strength data are presented on a series of cement-lime-sand 
mortars in which the ratio of cement to lime ranged from 1:1/4 to 0:1, by 
volume, and in which the ratio of cementitious material (cement plus lime) to 
standard Ottawa sand was 1:3, by weight. The results show that, with two 
exceptions, the 28-day strengths of the cement-lime mortars of 75 per cent flow 
were higher than those of the mortars of 110 per cent flow, the differences 
increasing with the increasing cement content. The reverse was true in the 
case of the straight lime mortars. 

Data are also presented showing the effects of different methods of curing 
on the compressive strengths of specimens of mortars. The results indicate 
that the strengths of the mortars containing the highest proportion of cement 
(1:1/4:3 by volume) were practically the same when the test specimens were 
cured for 28 days in the damp closet as when the specimens were cured for 7 
days in the damp closet and 21 days in water, but that in the case of the mortars 
with lower ratios of cement to lime, the specimens cured for the full period in 
the damp closet had significantly higher strengths than those cured under the 
other condition. Curing for 7 days in the damp closet, 18 days in water, and 
3 days in laboratory air produced specimens with much higher strength than 
curing by either of the other procedures. 


EFFECTS OF CERTAIN VARIATIONS IN CONSISTENCY AND 


In the absence of standard specifica- 


tions for testing mixtures of cement and 


lime which are to be used in masonry 
mortars in various proportions, compres- 
sion tests of such mixtures are sometimes 
made in accordance with either the Fed- 
eral specification for masonry cement? or 
the corresponding specification of the 
A.S.T.M.* These specifications, how- 
ever, are not in agreement as to the con- 
sistency (flow) of the mortar to be tested, 
and confusion is likely to arise in inter- 


1 Research Associate for Nat. Lime Assn. at the Na- 
tional Bureau Standards 

2 Federal Specification for Cement Masonry, SS-C- 
181b, January 12, 1938. 


+ Standard Specifications for Masonry Cement (C 91 - 


40) 1942 Book of A.S.T.M Standards, Part II, p. 7. 


preting or comparing the test data. 
Published data on the compressive 
strengths of cement-lime mixtures when 
tested as masonry cements and on the 
effects of different consistencies on the 
resulting values are quite meager. Ques- 
tions have also arisen as to the methods 
to be adopted for curing test specimens 
and as to what minimum values should be 
required for the compressive strengths of 
mortars made with masonry sand and 
containing various proportions of cement 
and lime. A study of methods of testing 
and of specifications for cement-lime 
mortars is one phase of the investigation 
being conducted under a fellowship estab- 
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lished by the National Lime Association 
at the National Bureau of Standards, and 
the data presented here were obtained in 
the course of tests designed to provide 
further information on these questions. 
For convenience of discussion, the data 
are presented under two headings. 


EFFECTS OF CONSISTENCY ON THE Com- 

PRESSIVE STRENGTHS OF STANDARD 

SAND MorRTARS 


Materials: 


Five limes, each representing a particu- 
lar type, were included in the tests. 
These, supplied by the respective manu- 
facturers, were designated as masons 
limes, and are identified as follows: 

Nos. 1 and 2—High-calcium hydrated 
limes of different water retentivities. 

No. 3—Regular dolomitic hydrated 
lime, 

No. 4—Pressure-hydrated dolomitic 
lime, and 

No. 5—Putty made from pulverized 
high-calcium quicklime. 

One portland cement, supplied by the 
manufacturer as type I, and standard 
Ottawa silica sand, No. 20 to No. 30 
sieve, were used in all mortars. 

Each material conformed to the re- 
quirements of the current A.S.T.M. 
specifications for the particular product. 


Proportions: 


Since the common field practice is to 
mix cement and lime in bag or volume 
proportions, the two materials were pro- 
portioned in volume ratios and the result- 
ing mixtures were tested as masonry 
cements. The required quantities for 
each mix were weighed, the amounts used 
being calculated on the assumption that 
1 cu. ft. of cement weighs 94 Ib. and 1 cu. 
ft. of lime 45 Ib. The cement lime 
mixture was then combined with stand- 
ard Ottawa sand in the proportion of 1:3 
cementitious material to aggregate by 


weight. Straight lime mortars, 1:3 by 
weight, were also included. In the mor- 
tars containing quicklime putty an 
amount of putty was used which con- 
tained the weight of lime solids equivalent 
to the weight of dry hydrated lime used 
in the other mixes. The putty was made 
by slaking the quicklime in accordance 
with the manufacturer’s directions. 


Preparation 
Specimens: 


and Testing of Mortar 


The mixing, molding, curing, and test- 
ing of the cement-lime mortars were per- 
formed in strict conformity with the 
procedures prescribed in the A.S.T.M. 
and Federal specifications for masonry 
cement. ‘Twelve test specimens, six for 
test at each age, were made from each 
mortar at the different consistencies 
specified in each of the two specifications. 
The A.S.T.M. specification requires that 
the mortar consistency be such that the 
flow by the standard flow-table test is 
between 65 and 80 percent. The flow of 
the mortars for duplication of this test 
was adjusted to a value of approximately 
75 per cent (range 72 to 76). The Fed- 
eral specification requires a mortar with a 
flow between 100 and 115 percent. For 
duplication of this condition the mortar 
was adjusted to a flow of approximately 
110 per cent (range 108 to 113). All 
operations were performed in a labora- 
tory maintained at a temperature of 21 + 
2 C.and a relative humidity of 55 + 5 per 
cent. The temperature in the damp 
closet was 21 + 2 C. and the relative hu- 
midity was 95 + 3 per cent. 

The straight lime mortars were cured 
in the laboratory air. The cubes from 
limes Nos. 1, 2, and 3 were removed from 
the molds after 48 hr. Those from limes 
Nos. 4 and 5 were not sufficiently rigid to 
be removed at 48 hr. and were left in the 
molds for 4 days. Ae 


j 3 
D 


Results and Conclusions: 


FINK ON COMPRESSIVE STRENGTHS OF CEMENT-LimE Mortars 
The variation among the compressive 

The average compressive strength strength values for each set of six cubes 
values obtained for ihe six cubes of each was slightly greater in the case of the 
mortar are presented in Table I and the cement-lime mortars of 75 per cent flow 


P TABLE I.—EFFECTS OF CONSISTENCY ON COMPRESSIVE STRENGTHS OF STANDARD SAND MORTARS 


(ONE PART CEMENTITIOUS MATERIAL TO 3 PARTS STANDARD OTTAWA SAND BY WEIGHT). 
Strength values are the average for six 2-in. cubes. 


Initial Flow 75 per cent Initial Flow 110 per cent 


Composition of 
Lime | Material, Compressive Compressive 
' volume ratios | Water, Strength, psi. Water, Strength, psi. 
cement:lime | per cent® |— per cent 

7days | 28days 7days | 28 days 

1:4 11.2 | 3680 $225 12.5 2630 4165 

1:1 13.9° | 2205 2950 15.7 1480 2235 

No.1. High-calcium hydrated.... 1:2 15.9 | 1085 1350 17.5 615 1230 
re 1:3 18.0 575 635 18.6 415 790 
0:1 20.9 65 125 23.2 60 325 

: 1:4 11.0 3800 5440 12.3 2650 4025 

. 1:1 13.0 2310 3115 13.8 1720 2925 
No. 2. High-calcium hydrated... . 1:2 14.0 1305 1615 | 15.1 1055 1690 
1:3 15.0 | 755 1010 16.6 560 965 

0:1 19.5 170 305 | 21.6 160 485 

| 

1:4 W.1 3575 5065 | 12.3 2505 3835 

; 1:1 12.0 | 2475 3250 | 13.9 1590 2665 
No.3. Regular dolomitic hydrated. 1:2 13.3 | 1420 1985 14.6 1125 1630 
13.9 | 720 145.1 675 1100 
0:1 17.2 | 150 375 | 18.0 190 565 

1:\% 33.5 2655 4300 

ail 1:1 14.3 1800 2540 

No.4. Pressure-hydrated dolomitic | 1:2 16.6 760 1345 
1:3 16.7 510 1000 

0:1 21.9 80 335 

i:\% 10.2 3845 5120 12.2 2470 3685 

1: 1 13. 

1:3 11.4 685 865 14.6 450 830 

| 0:1 | 13.50) 75 150 18.5 100 335 


as Basis total weight of dry materials. In case of quicklime putty this includes water in putty. 


‘TABLE I1.—OVER-ALL AVERAGES AND RATIOS CALCULATED FROM VALUES IN TABLE I FOR MORTARS 
CONTAINING LIMES NOS. 1, 2, 3, AND 5. 


Initial Flow 75 per cent | Initial Flow 110 per cent 
of - | Strength at 75-flow 
Sementitious 
Material, — = 7-day Strength 7-day Strength Strength at 110-flow 
Volume Ratios | Strength, psi.| 28-day Strength Strength, psi.| 28-day Strength 
7 days |28 days} Max. | Min. | Avg. | 7 days 28 days| Max. | Min. | Avg. 7 days 28 days 
err 3725 | 5215 | 0.75 | 0.70 | 0.72 | 2565 | 3930 | 0.66 | 0.63 | 0.65 1.45 1.33 
eee 2235 3015 0.76 | 0.71 0.74 1590 2590 0.66 | 0.59 | 0.61 1.41 1.16 
er 1235 1635 0.81 0.71 0.74 905 1475 0.69 0.50 0.61 1.36 1.11 
eer 635 915 0.90 | 0.62 0.70 525 920 | 0.61 0.53 0.57 1.21 0.99 
0:1 115 240 | 0.56 0.40 0.48 130 425 | 0.34 | 0.19 | 0.31 | 0.88 0.56 


over-all averages and ratios in Table II. than for those of 110 per cent flow, the 
Lime No. 4 was received too late to be average coefficient of variation for the 
included in the tests of the 75 per cent former being 3 per cent and for the latter 
tlow mortars and hence was omitted in 2.5 percent. This indicates a somewhat 


calculating the averages in Table IT. greater uniformity of the specimens made 
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from the mortars of the higher flow. It 
was somewhat easier to obtain reproduc- 
ible flow measurements with the mortars 
at the higher flow, and at this consistency 
the molding of the cubes was simpler. 

The 7-day compressive strength values 
for all of the cement-lime mortars ad- 
justed to a flow of 75 per cent were higher 
than the corresponding 7-day values 
obtained for specimens from mortars 
adjusted to a flow of 110 per cent. With 
but two exceptions out of the 20 individ- 
ual mortars, the same is true for the 28- 
day strengths. The effect of differences 
in flow in producing differences in com- 
pressive strengths of the cement-lime 
mortars decreased with increasing lime 
content of the mortar, there being no sig- 
nificant or consistent difference between 
28-day values for the 1:3 cement-lime 
mixtures molded at the two different 
flows. 

The compressive strengths of the 
straight lime mortars at 28 days were, 
however, much higher for specimens 
molded at flows of 110 per cent than for 
the corresponding specimens molded at 
flows of 75. The effect of molding con- 
sistency on the strengths of the straight 
lime mortars at 7 days appeared to be 
entirely random, and for this reason little 
significance can be attached to the aver- 
ages of the 7-day strengths recorded in 
Table II for these particular mortars. 

The ratios of the 7-day strengths to the 
28-day strengths show a rather large 
spread among the mortars from the dif- 
ferent limes, but the averages recorded in 
Table II indicate that the ratio is signifi- 
cantly higher for the mortars of the lower 
flow. That the trend is for increased 
flow to lower the ratio was also indicated 
by the results of cooperative tests of 
masonry mortars reported by A.S.T.M. 
Committee C-12 on Mortars for Unit 
Masonry.‘ 


It is of interest to note that all of the 
cement-lime mixtures tested, in which the 
ratio of cement to lime was 1:2, by vol- 
ume, or higher, fulfilled the strength 
requirements for type II masonry cement 
(S00 psi. for 7-day and 1000 psi. for 28- 
day) specified in the Federal specifica- 
tion, and that all the mixtures, including — 
those with a cement-lime ratio of 1:3, 
met the strength requirements (350 and 
600 psi., respectively) of the A.S.T.M. 
specifications. 

The very appreciable differences be-— 
tween the compressive strength values of 
most of the mortars of the two different 
consistencies used in these tests, however, 
make it obvious that any comparative 
tests of cement-lime mixtures should be 
made on mortars adjusted to the same 
flow and it would appear that possible 
confusion would be avoided in the testing © 
of cementitious materials if the A.S.T.M. 


and Federal specifications for 


cement were in agreement on the consist- 

ency of the mortar to be tested. Asa 
result of the experience with mortars 

gained from these tests, which indicates 
that flow determinations are easier to 

duplicate and test specimens are more 

uniform with the mortars of the higher 

flow, it is suggested that a flow of 110 + 5 

per cent be adopted as standard for the 

testing of cement-lime mixtures. 


EFFECTS OF CERTAIN VARIATIONS IN 
CURING CONDITIONS ON COMPRESSIVE 
STRENGTHS OF MASONRY SAND 
MorTARS 


The use of a 28-day damp closet cure 
in the testing of cement-lime mortars has 
been advocated® as a substitute for the 
combined damp closet and water cure 
prescribed in the standard specifications 
for masonry cement, and the following 
tests were made to compare the two 
methods. A limited number of tests 


5’ Howard R. Staley, ‘‘Curing of Masonry Mortars,’’ 
Proceedings, Am. Soc. Testing Mats., Vol. 42, p. 762 
(1942). 
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were also made to demonstrate the effect 
of the water content at the time of test on 
the compressive strength of the test 
specimens. 


Materials: 


Limes Nos. 1, 3, 4, and 5 described 
above and the same portland cement 
were used in this series of tests. The 
aggregate, however, was Potomac River 
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hydrated lime, 40 lb.; quicklime putty, 
86 lb. Eighty pounds of dry sand was 
used as the equivalent of 1 cu. ft. of damp 
loose sand. ‘The value of 40 Ib. for the 
weight of 1 cu. ft. of hydrated lime in- 
stead of 45 lb. as used in the previous 
series of tests was used in this series in 
order to conform to the values suggested 
in the code recently approved by the 
American Standards Association.6 The 


TABLE III.—EFFECTS OF METHODS OF CURING ON COMPRESSIVE STRENGTHS OF MASONRY 
SAND MORTARS. 
Strength values are the averages for 6 cubes. 


28-day Compressive 
Composition Strength, psi. Increase in Stay Compass Increase in 
proportions Lime Cure No. 1 ure No. 7 da io does ure No. 3 
L ys in damp 
by volume days in Cure No.2 closet + 18 
amp close ays in in water + 3 
Cement: Lime: Sand A + 21 days damp closet) cent days in air) cent 
| No. 1 5155 5175 +0.3 6155 +19.3 
1:%:3 No. 3 5610 5645 +0.6 6735 20.0 
| No.4 5520 5595 6880 24.6 
No. 5 5635 5445 —3.3 6620 17.5 
Average 5480 5465 —0.3 6595 20.3 
No.1 1410 1460 +3.5 1805 +27.9 
1:1%:6 No. 3 1625 1825 12.3 2250 38.4 
No.4 1550 1650 2160 39.3 
No. 5 1225 1345 9.8 1930 57.5 
Average 1450 1570 8.2 2035 40.4 
No.1 485 515 +6.2 640 +31.5 
1:2%:9 No. 3 690 765 10.8 1030 48.9 
No. 4 575 610 6.1 875 52.3 
No.5 445 480 7.9 730 64.5 
Average | S50 | 590 77 | 820 49.1 


building sand of the following screen 
analysis: 


Passing No. 4Sieve......... 100.0 per cent 
Passing No. 8 Sieve......... 97.2 per cent 
Passing No. 16Sieve......... 91.6 per cent 
Passing No. 30 Sieve......... 66.3 per cent 
Passing No. 50 Sieve......... 19.5 per cent 


Passing No. 100 Sieve......... 3.0 per cent 
Fineness modulus = 2.22 


Proportioning and Mixing: 


The cement, dry hydrated lime or 
quicklime putty, and the sand were pro- 
portioned by volume, but the quantities 
of materials required for each mix were 
determined by weight on the basis of the 
following values for the weight per cubic 
foot for each material: cement, 94 Ib.; 


quicklime putty contained 48 per cent 
solids and 1 cu. ft. weighed 86 lb. 

The mixing procedure was the same as 
that described in the two specifications 
for masonry cement,’?* but the consist- 
ency of the mortars was adjusted to a 
flow of between 107 and 114 per cent. 


Curing: 
Four different conditions of curing 
were employed as follows: 
1. 7 days in damp closet plus 21 days 
in water. 
2. 28 days in damp closet. 


¢ American Standard Building Code Requirements for 
Masonry, A-41.1-1944. 
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3. 7 days in damp closet plus 18 days 
in water plus 3 days in laboratory 
air. 

4. 28 days in laboratory air. 

The conditions in the damp closet were 
automatically controlled at a tempera- 
ture of 21 + 2 C. and a relative humidity 
of 95 + 3 percent. There was no fog in 
this cabinet. The conditions in the labo- 
ratory were maintained at a temperature 
of 21 + 2C. and a relative humidity of 
55 + 5 per cent. The temperature of 
the water in which the cubes were stored 
was 21+ 2C. 

Six cubes of each of the mortars of the 
three proportions listed in Table ITI were 
cured under each of the first three condi- 
tions, and six cubes of the 1:4:15 mortars 


TABLE 1V.—WEIGHTS OF CUBES AT TIME OF TEST (CURES NO. 1 AND 2). 


| Cement, Lime, Sand by Volume, | Cement, Lime, Sand by Volume, 
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specimens cured under the conditions 
specified in A.S.T.M. Specifications C 91 
(cure No. 1) were practically the same as 
the strengths developed by curing for the 
full period in the damp closet (cure 
No. 2). 

On the other hand, the strengths of the 
mortars of the proportions 1:13:6 and 
1:23:9 were significantly higher when 
they were cured for 28 days in the damp 
closet (cure No. 2) than when cured for 7 
days in the damp closet and 21 days in 
water (cure No. 1). A comparison of the 
weights of the cubes at the time of test, 
as recorded in Table IV, shows that there 
were no appreciable differences in the 
weights of the cubes cured by the two 
different methods. ‘This would indicate 


Cement, Lime, Sand by Volume, 
1:2%:9 


1:44:3 1:144:6 
Average Weight | Difference, Average Weight | Difference, | Average Weight | Difference, 
Lime of Cubes, g. g. of Cubes, g. | gv. | of Cubes, g. g. 
Cure | Cure | No. Cure Cure Cure No. 1 Cure Cure | Cure No.1 
No.1 Né.2 No. 2 No. 1 No.2 | 
a ° “| Cure No. 2 Cure No. 2 | Cure No. 2 
SS) ere 285.2 286.1 —0.9 273.2 271.2 +2.0 265.3 266.9 —1.6 
a ae 289.5 287.2 +2.3 279.9 278.1 +1.8 276.2 276.5 —0.3 
| = eae 289.3 288.7 +0.6 275.4 276.4 —1.0 271.7 270.6 +1.1 
eee 290.9 289.2 +1.7 274.1 273.6 +0.5 268.4 268.6 0.2 


(Table V1) were cured under each of con- 
ditions Nos. 2 and 4. All specimens of 
the first three proportions were removed 
from the molds at the end of 48 hr. All 
of the specimens of the 1:4:15 mortars 
were left in the molds for 72 hr. because 
some of those in the damp closet were not 
sufficiently strong to be handled at 48 hr. 
Only the 28-day strengths were deter- 
mined. 


Discussion of Results: 


The results of the compressive strength 
tests are presented in Tables IIT and VI. 
Each of the values recorded is the aver- 
age for six cubes. 

It is evident that for mortars of the 
proportion 1:4:3 the strengths of the 


that the specimens cured under the two 
different conditions had approximately 
the same moisture content at the time of 
test. Although the differences between 
the strengths developed by the different 
curing conditions are considerably less 
than those reported by Staley,® they are, 
nevertheless, in the same direction and, 
while the percentage increases of the 
damp cure strengths (cure No. 2) over 
the water cure strengths (cure No. 1) 
are not greatly in excess of the expected 
deviations in the averages of this number 
of tests, the consistency of the results 
gives assurance of their significance. 

The effect of drying on the strength of 
the specimens is shown by a comparison 
of the strengths of the cubes cured under 


‘ 
ly 
{ 
t 
S 
iS 
a 
1g 


786 FINK ON COMPRESSIVE STRENGTHS OF CEMENT-LIME MorTARS 


TABLE V.—WEIGHTS OF CUBES (CURE NO. 3). 


| Cement, Lime, Sand by Volume, | Cement, Lime, Sand by Volume, | Cement, Lime, Sand by Volume, 
1:\: 1:14%:6 1:24%:9 
Average Weights Average Weights Average Weights 
Lime of Cubes, g. Loss of Cubes, g. Loss of Cubes, g. Loss 
O | from 3 days On } rom ys On rom ys 
Seanevel After in Air, | Removal paves in Air, Removal After in Air, 
from 3 or per cent fr 3 _ per cent from 3 — per cent 
| Water | Water Water 
OS 286.3 278.6 | 2.7 272.3 | 256.3 5.8 265.5 241.7 8.9 
No. 3.. 289.0 | 281.1 | = 2.7 278.5 | 262.1 5.8 276.4 | 253.8 8.2 
No.4. 289.4 280.2 | 3.2 275.9 256.7 | 6.9 271.0 | 246.9 8.8 
Sa e 289.7 280.5 3.2 274.4 | 251.5 | 8.3 269.1 | 239.9 10.8 
Average | | 2.9 | | 6.7 | | 9.2 


condition No. 1 with those cured under 
condition No. 3 (Table III). In the lat- 
ter case, the cubes were cured the same as 
in No. 1 up to the age of 25 days and were 
then taken from the water and stored for 
3 days in the laboratory air. In Table V 
are recorded the average weights of the 
cubes of each mortar at the time they 
were taken from the water and the corre- 
sponding weights after 3 days exposure to 
the air. The percentage loss in weight 
resulting from the 3 days drying in- 
creased with increasing proportions of 
lime. As shown in Table III, the 
strengths of the cubes from cure No. 3 
were very much higher than the strengths 
of the cubes from either cure No. 1 or No. 
2. The percentage increases in strength 
resulting from drying were greater with 
increasing lime content of the mortars 
and were approximately proportional to 
the losses in weight resulting from drying. 

As shown in Table VI, the mortars of 


TABLE VI.—COMPRESSIVE STRENGTHS AND 
WEIGHTS OF CUBES OF 1:4:15 MORTARS. 


28-day Compressive | Weights of Cubes at 
Strengt Time of Test 
2.) 2 | | 
No.1 220 255 16.0 | 265.7 | 231.3 | 12.9 
ee 2 370 42.3 | 272.7 | 242.1 | 11.2 
No. 4... 205 295 43.9 | 265.9 | 231.8 | 12.8 
No.5... 170 225 32.3 | 263.3 | 228.9 | 13.0 


| 


the proportion 1:4:15 which were cured 
in laboratory air (cure No. 4) developed 
strengths much higher than those cured 
in the damp closet. As would be ex- 
pected, the weights of the air-cured speci- 
mens were much less than the weights of 
the specimens cured in the damp closet, 
but there is no rational relation between 
the differences in weights and the differ- 
ences in strengths. Published data’ 
show that curing in water gives higher 
strengths than curing in air for mortars 
with cement-lime ratios of 1:1 or 1:1}, 
but no comparisons of the relative effects 
of water curing, damp closet curing, and 
air curing on the strengths of mortars 
with cement-lime ratios of 1:2} are 
known to the author. Therefore, it is 
not to be assumed that air curing would 
be satisfactory for mortars containing 
higher proportions of cement to lime than 
1:4, although the data reported in Table 
VI do show that air curing was favorable 
to mortars of this particular ratio. How- 
ever, it may be noted in this connection 
that the percentage increase in the 
strength of the 1:4 ratio. mortars ob- 
tained by air curing is less than the per- 
centage increase resulting from the use of 
cure No. 3 compared with cure No. 1 for 
the 1:23 mortars (Table ITI). 


7 See, for example: A.H. Stang, D. E. Parsons and J.W. 
McBurney ‘Compressive Strength of Clay Brick Walls,” 
Journal of Research, Nat. Bureau Standards, Vol. 3, No.4, 
p. 531 (1929), and C. C. Fishburne, D. Watstein and D. E. 
Parsons, ‘“‘Water Permeability of Masonry Walls,’’ Build- 
ing Materials and Structures Report BMS7, Nat. Bureau 
Standards (1938). 
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With relation to specification require- 
ments, it may be pointed out that the 
minimum 28-day compressive strength 
values for the four types of mortars 
established by the American Standard 
code requirements for masonry* are 2500, 
600, 200, and 75 psi., whereas the lowest 
values obtained for the corresponding 
mortars in the present tests were, 
respectively, 5155, 1225, 445, and 
225 psi. Other investigators*:7 have 
reported values for some of the mor- 
tar types which are more nearly com- 
parable with the Code values, but in 
many cases the conditions of test were 
not the same as those specified in the code 
and were such as to contribute to lower 
strength values. It is also true that only 
one cement and one sand were used in the 


787 


present tests and that the absolute ex- 
tremes of proportions were not reached. 
However, since these tests include a fair 
cross-section of masons lime, the indica- 
tions are that the values fixed by the code 
may be somewhat lower than necessary 
to admit cement-lime mortars made from 
the majority of commercial limes, com- 
bined with cement and sand similar to 
those used in these tests. 

The results of the tests indicate the 
need for further information on the 
effects of variations in the damp-closet 
conditions and of the moisture content at 
the time of test on the compressive 
strength of specimens of the various mor- 
tars. Additional tests which should 
contribute further data are under way. 
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DISCUSSION 


Mr. B. E. Kester.’—We were asked 
to duplicate some of Mr. Fink’s work 
on weight proportioning of cement-lime 
mortars in comparison to present volume 
proportioning. In mixtures with 
cement-lime ratios of 1:2 and 1:3 we 
were in very close agreement with Mr. 
Fink’s values both at a flow of 75 and a 
flow of 110. Our strength increase at 
a flow of 75 was of the same magnitude 
as that reported. 

In the 1:3 and 1:4 ranges we found 
that the strengths we obtained were 
radically lower. We found that the 
portland cement used affected our re- 
sults. Our tests were started with one 
brand of cement and owing to a shortage 
of cement were completed with a second 
brand, both brands being type I cements. 
The consistencies of the two materials 
in cement lime-mortar mixes varied as 
much as 10 per cent with, of course, an 
equivalent variation in strength. I 
think we ought to consider seriously 
the portland cement we use in making 
these tests before we rely too much on 
data from these tests. 

As a matter of interest we made com- 
parisons of damp closet curing and 
regular A.S.T.M. moist air and water 
curing. We found that with normal 
dolomitic hydrates—all of our work 
was confined to dolomitic hydrates—an 
increase in strength of 10 to 15 per cent 
was gained by the damp closet curing. 
Pressure hydrated dolomites, however, 
are unaffected by the difference in 
curing. Actual data gave lower 28-day 


1 Research Engineer, Research and Development Dept., 
Research Labs., United States Gypsum Co., Chicago, Ill. 


strengths for damp closet curing, though 
all values were within allowable experi- 
mental error. Thus in the develop- 
ment of pressure hydrates, little good 
can be expected by substitution of damp 
closet curing. We did not try the 3-day 
period in dry air reported by Mr. Fink, 
though this would appear to be a com- 
parison between wet and dry strengths 
rather than a better curing condition. 

There was one other interesting factor 
in this study, and that was the effect 
of using composited job sand in com- 
parison to Ottawa testing sand. To 
obtain a composite job sand, we took 
A.S.T.M. ‘Tentative Specifications for 
Aggregate for Masonry Mortar (C 144- 
42 T),? split the fineness values exactly 
through each extreme and made a sand 
having that fineness gradation. 

Compressive strength cubes made 
using this sand had a 30 per cent higher 
7-day strength than cubes made with 
standard Ottawa testing sand and the 
28-day strengths were about 10 per cent 
higher for composite sand. 

In the American Standard code for ma- 
sonry materials, the cement-lime mortar 
tests are based on volume proportions. 
The volumes, however, are based on as- 
sumed weights. The weights given are 94 
lb. per cu. ft. for portland cement, 40 lb. 
per cu. ft. for hydrated lime and 80 Ib. 
per cu. ft. for sand. Chicago sands are 
heavier than this assumed weight and 
range from 90 to 100 Ib. per cu. ft. 
However, we made a comparison be- 
tween the volume basis as given in the 
code and the proposed weight basis 


21942 Book of A.S.T.M. Standards, Part II, p. 1105. 
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given by Mr. Fink. As can be foreseen 
from the various proportioning, the code 
volumes using assumed weights gave 
higher strengths than true volume 
relationships, but considerably lower 
strengths than the weight relationship 
of 3 parts sand to 1 part cementitious 
material. 
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correlative information such as pre- 
sented in this paper by Mr. Fink. For 
example, few have realized the full sig- 
nificance of the discrepancy between 
the method of testing lime-cement mor- 
tars, proportioned by volume, and 
masonry cement mortars, at a lower 
flow, proportioned on a weight basis. 


TABLE I.—EFFECT OF METHOD OF PROPORTIONING ON COMPRESSIVE STRENGTH OF 2-IN. 
MORTAR CUBES. 


Proportioned by Weight, 1 Cementitious to 3 Parts Proportioned by Volume; Brick Sand 
of Standard Ottawa Sand Fabricated to Arbitrary Grading® 
ange in 
____ | Initial Flow 106 to 117 Initial Flow 111 to 116 | Compressive 
Composition per cent "per cent Strength Due to 
of Cementi- ail Proportion 
tious Volumetric by Weight 
Material. Compressive Ratios, Compressive 
he ime Volume Water, — Cement: Water, aenagem, 
per Lime: Sand per psi. 
ement: 
Lime is 28 
days | days days days days 
No. 2 1:\% 12.3 3565 | 5110 1:4:3 14.4 3470 5105 
High calcium hy- 1:1 14.5 1940 | 3020 4:1 3S 15.8 1260 2180 
rate 3:2 16.3 830 1425 S23 37.8 16.0 560 955 +48 
833 18.2 520 830 1:3 :10 16.5 255 420 +104 
0:1 23.9 45 115 0:1 :2.5 19.6 90 180 
No. 55 1:4% 13.0 | 3435 | 4760 | 1:%:3 13.8 | 3705 | 5970 
Pressure-hydrated 1:1 15.7 1710 | 2620 1:1 ::5 15.3 1320 2065 
dolomitic 2:2 18.5 635 | 1160 1:2 37.5 16.1 560 895 
1:3 18.9 440 860 1:3 :10 16.6 310 475 
0:1 26.0 40 80 0:1 :2.5 19.1 110 130 
No. 49 1:\4 12.4 3530 1:4:3 13.6 3805 5940 
Pressure-hydrated 1:1 14.4 2245 | 2910 1:1 ::5 15.7 1375 2100 
dolomitic 1:2 15.9 1000 1460 33 27.8 17.6 495 850 +102 
$32 oe 615 1000 1:3 :10 17.7 260 415 +136 
0:1 21.2 65 125 @:2 33.3 20.5 110 160 
No. 13 1:\% 12.2 3795 5295 1:4%4:3 15.2 3895 5355 —2.5 
Regular dolomitic 1:1 14.6 1875 | 2740 1:1 :5 16.3 1515 2025 
SE 16.3 925 1635 1:2 37.5 17.5 525 815 
1:3 16.2 445 825 1:3 :10 19.0 265 415 
0:1 22.4 145 255 0:1 :2.5 26.2 50 95 +190 


; The proportions given were based on cement at 94 Ib., lime at 45 Ib. and sand at 95 lb. per cu. ft. 
Volumetric ratios approx. 3 sand to 1 cementitious if sand is taken as 80 lb. per cu. ft. 


These data, unfortunately, have not 
yet been prepared for presentation, but 
will be submitted to the Society’s 
Committee C-7 on Lime at such time as 
they have been completely organized. 

Mr. Howarp R. StTALEY® (presented 
in written form).—It is apparent that 
one of the chief reasons that the subject 
of masonry mortars remains contro- 
versial is due to the lack of sufficient 


‘ Assistant Professor of Building Construction, Massa- 
chusetts Institute of Technology, Cambridge, Mass. 


The data emphasize the fact which has ~ 


long been known that masonry cements, 
which were the equivalent of 1:2 or 1:3 
cement-lime mixtures, have been allowed 


on jobs where the equivalent lime-— 


cement mixture would not be allowed 


because, for purposes of test the masonry ~ 
cement was proportioned by weight 
while the lime-cement mixtures were 


proportioned by volume. 

Data are given in the accompanying 
Table I which show further the differ- 
ences that can be expected from the 
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two methods of proportioning. All 
specimens were cured in a damp closet 
at 70 F. and 90 per cent relative humid- 
ity, with no fog or spray of water present. 
It should be pointed out that sand 
proportions used in the volumetric 
relations are very closely equivalent to 
three parts of sand per part of cementi- 
tious material when the dry sand in a 
cubic foot is considered to be 80 lb. 
The brick sand was fabricated accord- 
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except for the 1:4:3 proportion. The 
strengths of this latter proportion are 
high enough to be eliminated as a con- 
trolling influence in the decision as to 
best curing conditions. In my opinion, 
water storage of any masonry mortar is 
not necessary for the development of 
optimum strength. 

Given in the last two columns of 
Table I are the percentage changes in 
strength resulting from the difference 


ing to the grading previously used.‘ in method of proportioning. While 
£ 20 i 
/-.25-3 By Vol. 
2. /- / -§ / 
2 “3" /-2- / 
= 14 = /-3-100 © 
| 3100 = 
a 6 7 2700 & 
4 7 
/ 
© "g" "5" 
Lime-O 10 20 30 40 50 60 70 80 90 100% 
Cement 100 90 80 70 60 50 40 30 20 10 0 % 


Lime to Cement Ratio, by weight 


Fic. 1.—Relation of Mortar and Assemblage Strength—Average Values for Nine Limes. 


These data agree fairly well with 
those presented by Mr. Fink, though in 
general the results are somewhat higher, 
except for the straight-lime mortars. 
The discrepancies in the case of the 
latter mortars cannot be explained but 
may have been due to a lower relative 
humidity during storage in the labora- 
tory, which was on the order of 25 to 
30 per cent. In the case of the mortars 
proportioned by volume, strengths as 
high as or higher than those obtained 
by Mr. Fink with cure No. 3, were 
obtained by curing in the damp room, 
4 Howard R. Staley, ‘Curing of Masonry Mortars,” 
Proceedings, Am. Soc. Testing Mats., Vol. 42, p. 762 


these results are not consistent with all 
types of limes, the general tendency is 
for quite large increases in strength 
where weight rather than volumetric 
relations are used for proportioning. 
These results also show that where the 
proportioning was done by weight, a 
ratio of cement to lime proportion of 
1:2 by volume, or higher, resulted in 
strengths that fulfilled the requirements 
of the Federal specifications for type II 
masonry cement, and the cement to 
lime proportion of 1:3, by volume, or 
higher resulted in strengths that ful- 
filled the requirements of the A.S.T.M. 
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Standard Specifications for Masonry 
Cement (C 91 - 40).5 

The results reported above as well 
as those reported by Mr. Fink show that 
some serious consideration should be 
given to modification of testing methods 
for lime-cement mortars in order that 
data obtained with any type of masonry 
mortar will be more nearly comparable. 
For purposes of test, personal preference 
would dictate that the standard sand 
mortar be used and that the propor- 
tions be specified by weight, rather than 
by volume. Since the A.S.T.M., Federal 
and American Standard code require- 
ments for masonry cements are based 
largely upon data derived from meas- 
urements on mortars proportioned on 
the weight basis, such a procedure as 
the foregoing would cause the least 
change and confusion regarding existing 
requirements. As a matter of fact, the 
testing of mortars in cubes gives only a 
relative figure that does not have a great 
deal of significance as regards the 
strength of the masonry. 

Graphical presentation of the data 
to illustrate the above point is given 
in the accompanying Fig. 1. The 
strength of “two-bat” assemblages are 
plotted as well as the ratio of assemblage 
strength to mortar cube strength. For 
the assemblages, sand-lime brick were 
halved and the two halves were used to 
make up an assemblage with a }-in. 
mortar joint. The brick used had an 
average compressive strength of 4000 
psi. The assemblages were cured at 
70 F. and 90 per cent relative humidity, 
the same as the mortar cubes. 

While the absolute values obtained 
are not pertinent in this discussion, it is 
interesting to note that the weakest 
mortar produced an assemblage strength 
of over 2500 psi. The significant fact 
is that the relative contribution of the 
mortar to the masonry strength is in the 


°1942 Book of A.S.T.M. Standards, Part II, p. 7. 
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inverse direction to the trend of the | 
mortar cube strength and a much better _ 
idea is obtained as to the relative value 
of the mortar in its ultimate application. 
The chief argument presented against 
the use of an assemblage test, rather 
than a mortar cube test, has been the 
difficulty of obtaining a suitable, repro- 
ducible, unit to use in conjunction with 2 
such a test. However, a large number — 
of tests on commercially produced sand-_ 
lime brick have shown them to be quite — 
uniform in characteristics and it is 
certain that if the process of propor- 
tioning and manufacturing were closely 
controlled, a product could be econom-— 
ically produced that had the desired — 
characteristics and uniformity. 
results obtained with these assemblage 
tests indicate that serious consideration 
should be given to the possibility of the 
use of such a test for evaluating mortars. 

The results obtained by Mr. Fink on 
the rate of drying of cubes are inter- 
esting and pertinent beyond the present — 
application of the data. The dura- 
bility of masonry walls that are built — 
of materials that endure in cold climates — 
in spite of accelerated freezing and 
thawing test results to the contrary, 
can be explained largely on the basis of 
rapid loss of water. That is, the 
mortars do not remain in a relatively 
saturated state for any length of time 
and are therefore not harmed by freez- 
ing as much as one which retains 
absorbed water and dries out rete 
tively slowly. 

Mr. G. J. Finx® (author’s closure, by 
letter)—Mr. Kester found that the 
strengths of the pressure hydrated dolo- 
mitic limes which he tested were not 
affected by the differences in curing 
conditions. Our results with the one 


pressure hydrated lime, No. 4, show © 
increases of 6.5 and 6.1 per cent, respec-_ 


Research Associate for National Lime Assn., at the 
National Bureau of Standards. 
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tively, for the 1:14:6 and the 1:2}:9 
mortars. While these increases are not 
large, they are, as we pointed out, ap- 
preciably greater than the coefficients of 
variation among the six cubes of any 
batch and we believe that they are 
significant with respect to this particular 
lime. Other pressure hydrated limes 
might very well fail to show such dif- 
ferences. 

Relative to the tests on the effects of 
a 3-day drying (cure No. 3), we wish to 
make it clear that these tests were made 
only for the purpose of demonstrating 
the effects of differences in the moisture 
content and of variations in conditions 
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of curing on the strengths and that the 
procedure is not recommended as a 
standard method of test. 

Mr. Kester’s higher strength values 
on mortars made with the well-graded 
Chicago sand would be expected because 
it is a well established fact that proper 
grading of a good sand contributes to 
appreciable increases in the strength 
values of mortars. The values for mor- 
tars made with the Chicago sand should 
also be higher than our values for the 
masonry sand which we used. The 
grading of the latter sand is far from the 
optimum. 


| 
me 
Ve 
Th 
Te 
Pu 
spe 
me 
fro 
Pub 
‘ 
= 6 


15 COUNTRIES 


‘By EuGene V. Barrett! 


SYNOPSIS 


- This paper presents the results of comparative chemical and physical 
tests made on 52 brands of portland cement from 15 countries and includes 
the results of tests of 90 samples of one of these brands of cement that con- 
tained from 5.5 per cent to 9.6 per cent magnesium oxide (MgO). The in- 
vestigation was started early in 1938, and cement was tested from Yugo- 
slavia, Belgium, Germany, United States, Holland, France, England, Japan, 
Venezuela, Norway, Poland, Spain, China, Denmark, and Sweden. 

The tests included tension tests on 7- and 28-day briquets; fineness, time 
of set, steam soundness, autoclave expansion, chemical analysis, and com- 
pression tests on 6 by 12-in. concrete cylinders made so that the cement was 
the only variable. The test methods were for the most part those recom- 
mended by the A.S.T.M. 

Test results indicate that the expansion in the autoclave test does not bear 
any relation to the total MgO content of a cement. The 7-day briquet 
strengths bear some relation to constant water-cement ratio concrete cylinder 
strengths but cannot be considered as a reliable index of cylinder strength. 
The 28 day briquet strengths bear no relation to cylinder strengths. Most of 
the 52 brands of portland cement tested complied with A.S.T.M. specifica- 
tions effective at the time the cements were tested, and several countries 
produced excellent quality portland cement. oe 


An investigation of the portland ce- Nos. 20 to 23 from France, 
ments imported into or produced in Nos. 24 to 31 from Yugoslavia, 
Venezuela was begun early in 1938. Nos. 32 to 35 from United States, 
The tests were made in the Materials Nos. 36 and 37 from Venezuela, 
Testing Laboratory of the Ministry of No. 38 from Sweden, 

Public Works, and the results of the No. 39 from Denmark, 
investigation were used in preparing a Nos. 40 to 42 from Japan, 
specification to cover all portland ce- Nos. 43 and 44 from Poland, 


ment bought by the Ministry. Nos. 45 and 46 from Norway, 
The various cements were numbered Nos. 47 and 48 from Spain, 

from 1 to 52 as follows: No. 49 from China, and 
Nos. 1 to 3 were from Holland, Nos. 50 to 52 from England. 
Nos. 4 to 10 from Belgium, 
Nos. 11 to 19 from Germany, 


1 Chief, Materials Testing Laboratory, Ministry of 


Public Works of Venezuela, Caracas, Venezuela. alysis and 6 by 12-in. concrete cylinders 
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The tests included 7- and 28-day bri- 
quets, fineness, time of set, steam sound- 
nieresnenen ness, autoclave expansion, chemical an- 
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made so that the cement was the only 
variable. 

One of the brands of cement contained 
from 5.5 to 9.6 per cent of MgO, and 
90 samples of this cement, representing 
350,000 sacks, were tested in order to 
determine the relationship between the 
MgO content and the expansion in the 
autoclave. 


Samples: 


All samples of cement consisted of 
unopened bags or barrels. The samples 
were, in most cases, taken from deliv- 
eries, and all imported cement was sam- 
pled as soon as it arrived in Venezuela. 


Test Methods: 


The normal consistency, time of set, 
fineness, and steam soundness tests, and 
the briquets were made in accordance 
with the A.S.T.M. Standard Methods 
of Sampling and Physical Testing of 
Portland Cement (C 77 — 32),? with the 
exception that the temperature of the 
mixing water, the moist room, and the 
water in the briquet storage tank were 
maintained at 25 + 2 C.: Twelve 
briquets were made for each cement, 
6 for 7-day and 6 for 28-day test. The 
autoclave expansion test was made in 
accordance with the recommendations of 
A.S.T.M. Tentative Method of Test 
for Autoclave Expansion of Portland 
Cement (C 151 — 40 T), with the excep- 
tion that the bars remained in the auto- 
clave for 5 min. after the cylinder had 
been opened. The chemical analysis 
methods were the same as A.S.T.M. 
Standard Methods of Chemical Analysis 
of Portland Cement (C 114 -39).* Six 
6 by 12-in. concrete cylinders were made 
for each cement, and 3 of these were 


21932 Supplement to Book of A.S.T.M. Standards, 
p. 23. 

3 ey Supplement to Book of A.S.T.M. Standards, 
Part 

4 1939 Pook of A.S.T.M. Standards, Part II, p. 8. 
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tested at 7 days and 3 at 28 days. All 
of the mixes for the cylinders contained 
the same weights of cement, sand, 
coarse aggregate, and water. The water 
cement ratio for the cylinders was 0.69 
by weight and the cylinders were cured 
in a moist room at a temperature of 25 
+2C. The sand for the mixes was all 
of the same quality and of exactly the 
same grading; the coarse agregate was 
the same quality of broken stone, separ- 
ated into three sizes, and each size 
weighed out separately for each mix. 
Both the fine and the coarse aggregates 
were air dried in the laboratory for at 
least 3 months before being used. 


Test Data: 


The results of the comparative test of 
the 52 brands of portland cement are 
presented in Table I. A summary of 
the test results in Table I is presented in 
Table II. The test results for 90 samples 
of high MgO-content portland cement 
are presented in Table III. The rela- 
tion between the tensile strength of 7- 
and 28-day briquets and the compressive 
strength of 7- and 28-day concrete 
cylinders with constant water-cement 
ratio is plotted in Fig. 1,and the variation 
in the 7- and 28-day compressive strength 
of constant water-cement ratio cylinders 
is plotted in Fig. 2. 


DISCUSSION OF DATA 


Time of Set.—All of the 52 brands of 
portland cement tested had an initial 
set in more than 45 min. and a final set 
in less than 10 hr. 

Steam Soundness.—The results of the 
steam soundness test indicated that all 
of these cements were sound. We have 
made the steam soundness test on several 
thousand samples of portland cement 
and have never had a soundness pat 
fail this test even when the cement was 
known to contain ai an amount 
of free lime. 
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TABLE I.—RESULTS OF COMPARATIVE TESTS OF 52 BRANDS OF PORTLAND CEMENT FROM 15 
COUNTRIES. 

‘ 

2s & Tensile |Compressive! ¢ Oxide Analysis, per cent 

> Strength- Strength- 

, ~ =~ ~ ~ 

Na.2 .. 14.2 22.0 302 372 | 1840 | 2900 0.05 1.56 | 66.0 | 21.5 | 4.34 | 3.29 | 1.16 | 0.11 | 2.51 
No.2 .. 13.4 24.0 267 347 | 1565 | 2175 0. 1.91 | 63.1 | 20.5 | 5.45 | 3.89 | 1.75 | 0.11 | 3.40 
No. 3 . 20.2 21.2 326 398 | 1965 | 2790 0.15 3.08 | 63.4 | 20.1 | 7.05 | 2.87 | 1.21 | 0.46 | 1.24 
No.4 .. 13.8 22.6 316 404 | 1920 | 2820 0.11 1.85 | 63.6 | 22.3 | 5.40 | 3.29 | 1.44 | 0.60 | 2.17 
SS 16.0 23.2 327 421 | 2255 | 2900 0.32 0.88 | 64.2 | 21.5 | 6.13 | 2.62 | 1.53 | 0.68 | 2.35 
No.6... 8.2 23.8 322 409 | 1795 | 2680 0.18 2.25 | 62.8 | 22.9 | 6.06 | 2.67 | 1.29 | 0.62 | 1.75 
No.7 .. 20.0 21.0 274 393 | 1975 | 2920 0.05 2.64 | 64.5 | 23.1 | 4.54 | 2.24 | 1.31 | 0.61 | 1.01 
No.8 .. 16.4 23.8 298 395 | 2000 | 2555 0.23 1.06 | 65.1 | 21.6 | 5.56 | 3.07 | 1.20 | 0.40 | 2.40 
No. 9 15.0 23.0 299 366 | 1630 | 2450 0.04 1.53 | 63.9 | 22.1 | 4.77 | 4.00 | 1.48 | 0.60 | 1.47 
No. 10 15.2 22.8 273 395 | 1295 | 2290 0.12 0.88 | 63.7 | 23.8 | 5.44 | 2.42 | 1.40 | 0.30 | 1.94 
No. 11 17.6 23.4 233 319 | 1410 | 2350 0.36 1.51 | 63.0 | 21.6 | 6.40 | 2.46 | 1.44 |] 0.15 | 3.67 
No. 12 15.2 24.0 353 406 | 2000 | 2905 0.25 1.56 | 64.1 | 20.2 | 6.78 | 2.23 | 1.92 | 0.22 | 3.41 
No. 13 17.0 24.2 350 400 | 2270 | 2930 0.26 1.90 | 62.5 | 19.2 | 7.91 | 2.95 | 1.77 | 0.29 | 3.48 
No. 14....] 15.6 23.5 334 384 | 1875 | 2950 0.33 1.64 | 64.2 | 20.4 | 6.10 | 2.99 | 1.61 | 0.30 | 2.98 
No. 15....} 21.0 21.4 302 315 | 1775 | 2390 0.26 2.33 | 61.8 | 19.5 | 5.70 | 3.28 | 2.05 | 0.42 | 4.68 
No. 16....| 18.0 21.4 340 409 | 1670 | 2495 0.07 1.39 | 62.5 | 22.7 | 6.29 | 2.43 | 1.23 | 0.66 | 2.10 
No. 17... 12.4 24.4 338 378 | 2155 | 2670 0.22 1.92 | 62.0 | 22.0 | 7.10 | 2.37 | 1.77 | 0.65 | 1.57 
No. 18... 14.4 22.8 290 404 | 1630 | 2335 0.29 2.45 | 61.5 | 23.1 | 6.60 | 2.16 | 1.67 | 0.55 | 1.94 
No. 19... 15.8 22.8 331 382 | 2135 | 2920 0.01 1.67 | 64.0 | 21.5 | 6.70] 2.53 | 1.51 | 0.35 | 1.43 
No. 20... 15.4 25.0 326 399 | 1840 | 2470 0.27 1.42 | 63.8 | 20.4 | 7.34 | 2.11 | 1.71 | 0.20 | 3.61 
No. 21... 14.4 25.2 357 404 | 2300 | 2965 0.22 1.59 | 65.0 | 21.5 | 5.99 | 2.10 | 1.78 | 0.36 | 1.83 
No. 22... 10.0 23.8 349 454 | 2020 | 2975 0.04 2.50 | 63.1 | 23.0 | 4.05 | 2.62 | 1.54 | 0.37 | 2.30 
No. 23... 9.6 22.8 355 374 | 2020 | 2525 0.67 1.17 | 64.3 | 20.0 | 6.17 | 2.05 | 2.16 | 0.60 | 3.75 
No. 24... 12.2 24.5 409 453 | 2480 | 3150 0.12 2.29 | 62.1 | 19.1 | 7.41 | 2.55 | 1.71 | 0.16 | 4.85 
No. 25... 12.0 24.4 402 446 | 2655 | 3300 0.11 2.39 | 64.0 | 19.4 | 7.18 | 2.70 | 1.47 | 0.20 | 3.15 
No. 26... 12.2 24.8 383 414 | 3045 | 3640 0.14 2.62 | 63.1 | 19.8 | 6.13 | 2.74 | 1.75 | 0.28 | 4.00 
No. 27... 8.2 26.8 351 442 | 2020 | 2970 0.05 2.24 | 53.9 | 20.6 | 9.23 | 2.58 | 3.82 | 0.44 | 6.88 
No. 28... 5.6 24.0 290 385 | 1700 | 2565 0.34 2.01 | 62.3 | 21.1 | 6.72 | 2.85 | 1.27 | 0.30 | 3.00 
No. 29... 8.2 25.0 356 398 | 2600 | 3225 0.15 1.92 | 63.7 | 19.5 | 5.74 | 3.08 | 1.27 | 0.44 | 4.01 
No. 30... 12.4 24.0 417 466 | 2575 | 3195 0.15 2.01 | 63.9 | 20.4 | 6.48 | 2.70 | 1.62 | 0.29 | 1,80 
oo 15.4 23.4 358 431 | 2390 | 3085 0.11 1.90 | 64.2 | 20.4 | 6.44 | 2.74 | 1.71 | 0.50 | 1.83 
No. 32.. 9.8 23.2 343 434 | 2490 | 3565 0.30 4.23 | 62.1 | 20.1 | 6.70 | 2.38 | 1.76 | 0.37 | 2.87 
No. 33.. 3.8 22.6 362 437 | 2125 | 3250 0.00 2.38 | 64.3 | 20.8 | 5.85 | 3.89 | 1.51 | 0.44 | 0.67 
No. 34.. 4.0 25.5 411 472 | 3045 | 3550 0.04 1.44 | 66.4 | 21.8 | 4.98 | 2.12 | 1.21 | 0.56 | 1.52 
No. 35.. 12.0 22.4 357 434 | 2100 | 3170 0.09 1.22 | 65.3 | 23.4 | 5.52 | 1.47 | 1.61 | 0.28 | 1.40 
No. 36.. 11.0 24.4 351 438 | 2105 | 3055 0.16 1.39 | 63.4 | 20.0 | 6.64 | 3.45 | 1.86 | 0.24 | 3.30 
No. 37.. 16.2 23.0 348 390 | 2915 | 3585 0.06 1.75 | 64.3 | 22.1 | 5.02 | 2.26 | 1.76 | 0.44 | 2.98 
No. 38... 11.2 24.5 365 436 | 2495 | 3470 0.02 2.92 | 64.0 | 18.6 | 7.11 | 3.04 | 1.99 | 0.56 | 1.00 
No. 39... 11.6 23.6 363 407 | 2485 | 3185 0.22 2.00 | 66.5 | 21.9 | 4.87 | 2.16 | 1.35 | 0.44 | 1.42 
No. 40... 11.0 24.0 259 369 | 1320 2050 0.01 1.33 | 61.3 | 22.3 | 5.75 | 3.96 | 1.39 | 0.30 | 3.57 
No. 41... 14.6 23.0 281 397 | 1180 | 1985 0.03 1.14 | 62.2 | 22.6 | 5.68 | 3.67 | 1.16 | 0.51 | 3.10 
No. 42... 11.8 23.2 358 388 | 2205 | 2985 0.20 1.21 | 63.3 | 22.0 | 6.10 | 2.94 | 1.28 | 0.40 | 2.39 
No. 43... 18.4 22.0 308 421 | 1690 | 2465 0.09 1.41 | 63.7 | 22.4 | 6.39 | 2.52 | 1.50 | 0.46 | 1.45 
No. 44... 16.6 22.0 328 423 | 2025 | 2725 0.06 2.63 | 62.6 | 21.4 | 5.66 | 3.10 | 1.94 | 0.46 | 1.52 
No. 45... 11.8 23.6 307 364 | 1875 | 2595 0.20 2.02 | 62.3 | 21.3 | 6.85 | 2.70 | 1.71 | 0.42 | 2.00 
No. 46... 12.4 24.2 362 368 | 2245 | 2685 0.42 1.90 | 62.8 | 19.8 | 8.25 | 2.67 | 2.43 | 0.67 | 1.59 
No. 47... 14.0 22.8 401 428 | 2875 | 3405 0.08 1.37 | 65.6 | 20.9 | 6.22 | 2.26 | 1.74 | 0.50 | 1.03 
No. 48... 19.0 21.4 250 355 | 1655 | 2675 1.36 6.82 | 56.8 | 18.9 | 7.26 | 5.76 | 1.57 | 0.26 | 2.36 
No. 49... 14.8 23.4 315 408 | 1720 | 2495 0.76 3.04 | 62.5 | 20.0 | 6.92 | 2.24 | 1.62 | 0.36 | 2.71 
No. 50... 11.8 21.8 395 465 0.15 1.26 | 63.8 | 19.9 | 6.40 | 3.20 | 1.92 | 0.54 | 2.42 
No. 51... 15.6 23.0 380 470 0.40 1.30 | 63.3 | 19.7 | 7.70 | 2.70 | 2.21 | 0.64 | 2.55 
No. 52... 13.4 24.6 290 375 0.11 1.44 | 62.6 | 22.8 | 4.75 | 2.49 | 2.20 | 0.32 | 3.50 


Free Lime.—The chemical determina- 
tion of free lime was not made for any 
of the cements since there does not 
appear to be a reliable method of de- 
termining the free lime content. Our 
experience has been that the free lime in a 
cement is rapidly converted by the action 
of the air into a form which does not 
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cause expansion in the autoclave. One 
of the Venezuelan cement mills, because 
of the war and the failure of imported 
cement to be delivered in sufficient 
quantities to supply the demand, was 
forced to bag its cement directly as it 
came from the ball mill. This cement 


was immediately loaded onto trucks and 
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delivered hot to the construction jobs. 
Over a period of several days our tests 
showed that the autoclave expansion of 
this cement was 7.5 per cent provided 
the autoclave bars were made as soon 
as the cement had cooled to room tem 
perature. If, however, the sack of ce- 
ment was dumped into a concrete mixing 
pan and turned over with a trowel, the 
autoclave bars made after the cement 
had been exposed to the air for 1 day 
had an expansion of 0.60 per cent. If 
the cement was again turned over with a 
trowel and autoclave bars made after 
the cement was exposed to the air for 2 
days, the expansion dropped to 0.30 per 
cent, which was normal for this cement. 
On examining some hooped concrete 
columns which were poured with con- 


BARRETT ON Tests OF 52 BRANDS OF PoRTLAND CEMENT 


soundness due to free CaO can be differ- 
entiated from the unsoundness due to 
MgO by autoclaving one bar at 177 C. 
and steaming a second bar for 5 hr. at 
100 C. 

Autoclave Expansion Test.—In the 
autoclave expansion test only 2 of the 52 
cements had an expansion of more than 
0.50 per cent. These two cements 
were brands Nos. 23 and 48. Brand No. 
23 had an expansion of 0.67 per cent and 
an MgO content of 1.17 percent. Brand 
No. 48 had an expansion of 1.36 per cent 
and an MgO content of 6.82 per cent. 
The average autoclave expansion for the 
52 brands of cement was 0.20 per cent 
with a minimum of 0.00 per cent. 

7- and 28-Day Briquets.—The 7-day 
briquets for four of the brands of cement 


TABLE Il.—SUMMARY OF THE RESULTS OF TESTS OF 52 BRANDS OF PORTLAND CEMENT 


a6 = Tensile Compressive | 

wee [ao Standard 6 by 12-in. 

Mortar | Concrete 

Briquets, psi. | Cylinders, psi. 

ape 

= 7 | Days | days | Days | Days | 

| 

Average.....| 13.5 | 23.4) 334 | 405 | 2068 | 2845 | 
Minimum... 3.8 | 21.0) 233 315 |, 1180 | 1985 
Maximum...| 21.0 | 26.8 | 417 472 3045 3640 | 


crete containing this high free lime ce- 
menf, it was found that the concrete had 
cracked around the outside of the top 
hoop, indicating that the hoops and the 
vertical reinforcing had restrained the 
concrete in the interior of the column 
from expanding as much as the outer 
concrete had expanded. 

It appears reasonable to assume that 
with normal silo storage of portland 
cement, the small percentages of free 
CaO normally in a cement will react 
with the air used for conveying purposes 
and be converted to a form which will 
not cause expansion in the autoclave. 
A. H. Bogue has found’ that the un- 


&A. H. Bogue, Paper No. 38 of the Portland Cement 
Association Fellowship, National Bureau of Standards, 
1938, p. 30. 


COMPRISING TABLE I. 


& Oxide Analysis, per cent 

ao | 

| | 

|MgO|CaO | SiOz) |FeOs | SOs| | 

| | #& 

| 

0.20 | 1.97 63.2| 21.1| 6.23 | 2.80 | 1.66] 0.41 | 2.54 

0.00 | 0.88 | $3.9| 18.6) 4.05 | 1.47 | 1.16) 0.11 | 0.67 

1.36 | 6.2 66.5 | 23.8] 9.23 | 5.76 | 3.82) 0.68 | 6.88 


had a tensile strength of less than 275 
psi. ‘These were brands Nos. 2, 11, 40, 
and 48. At 28 days all but 3 of the 
cements had a tensile strength of more 
than 350 psi. These were brands Nos. 
2, 11, and 15. 

Magnesium Oxide (MgO) Content.— 
Only one of the brands of cement con- 
tained more than 5 per cent MgO. This 
was brand No. 48 which contained 6.82 
per cent. It is interesting to note that 
the national specification for portland 
cement of the country from which this 
cement came limits the MgO content to 
a maximum of 5.0 per cent. A detailed 
investigation of this cement is presented 
in Table III. 

Loss on the Ignition.—Sixteen of the 
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Fic. 1.—Relation Between the 7- and 28-day Tensile Strength of Briquets and the 7- and 28-day 
Compressive Strength of the Concrete Cylinders—all Cylinders Strengths Divided by 6.219 for 
Comparative Purposes. 
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Fic. 2.—Results of 7- and 28-day Tests of Concrete Cylinders, all of which were made with the . 
same Materials, Proportions and Water-Cement Ratio—Only variable; the Brand of Cement. 
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on No. 


nN 
w 
os 


. . . . . . . . . 


|Normal 

Consist- 

| ency, | = 
per 


| 
| 
| 
| 


of wa 


ent 


SOO 


nN 
= 


. . . . . . . . . . . . . . . . . . . 
ED MOP KOS 


21.6 


ter) 


Briquet 
Strength, 
psi. 
| 

7 | 2 
days days 
166 277 
167 303 
181 274 
189 | 293 
215 321 
223 | 327 
218 | 311 
201 | 290 
245 | 337 
226 287 
206 | 307 
233 306 
190 300 
233 318 
176 298 
248 293 
188 303 
243 334 
193 319 
190 3062 
183 260 
247 325 
162 271 
211 309 
234 315 
233 319 
217 303 
216 326 
220 297 
228 305 
182 275 
202 | 323 | 
254 337 
257 371 
259 344 
266 339 
267 351 
239 316 
280 352 | 
265 | 327 | 
204 | 334 | 
250 | 338 | 
200 | 297 | 
157 | 264 | 
215 | 285 | 
188 | 265 | 
192 | 294 
221 | 305 
211 307 
234 336 
230 312 
215 278 
195 301 
153 266 
231 323 
253 367 
189 306 
169 301 
173 306 
167 281 
214 297 
202 302 
231 303 
169 255 
200 305 
216 325 
178 285 
244 361 
213 312 
253 348 
185 | 290 | 
246 | 356 | 
231 370 
213 | 326 | 


Autoclave 
Expansion, 
per cent 


Disintegrated 


6.08 

5.58 
Disintegrated 
Disintegrated 
Disintegrated 
Disintegrated 
Disintegrated 

1.54 


Disintegrated 
Disintegrated 
0.92 
Disintegrated 
Disintegrated 
Disintegrated 
0.43 
Disintegrated 
Disintegrated 
Disintegrated 
0.74 


5.51 

1.81 
Disintegrated 

0.47 
Disintegrated 
Disintegrated 


Disintegrated 
Disintegrated 
5 


4.12 
Disintegrated 
Disintegrated 
Disintegrated 
Disintegrated 
Disintegrated 

4.05 


4.62 
Disintegrated 
4. 


2.02 
Disintegrated 
1.22 
1.39 
2.43 
Disintegrated 
1.40 


4.09 


Disintegrated | 
2.82 | 


0.73 
5.42 


Disintegrated | 


2.44 
1.41 
0.97 


TABLE III.—COMPARATIVE TESTS OF 90 SAMPLES OF HIGH MgO CONTENT CEMENT REPRESENTING 
350,000 SACKS OF EUROPEAN CEMENT (BRAND NO. 48). 


Oxide Analysis, per cent 


| \Insol- | Loss 

MgO | CaO | SiOz |AlOs |FesOs| SOs | | 

| | due | tion 

7.14 | 57.40 | 18.30 | 7.16 | 6.00 | 1.80 | 0.50 | 1.86 

6.80 | 56.90 | 18.42 | 7.12 | 6.00 | 1.78 | 0.54 | 1.52 

6.63 | 57.20 | 18.30 | 7.48 | 6.76 | 1.71 | 0.52 | 1.52 

6.32 | 57.20 | 18.64 |. 7.52 | 5.86 | 1.76 | 0.50 | 1.40 

7.75 | 55.90 | 18.90 | 7.51 | 5.81 | 1.91 | 0.65 | 1.56 

8.21 | 55.50 | 18.64 | 7.31 | 5.95 | 1.72 | 0.43 | 1.71 

7.02 | 57.40 | 18.74 | 7.26 | 6.50 | 1.62 | 0.76 | 1.70 

7.46 | 55.80 | 18.52 | 7.35 | 5.97 | 1.84 | 0.50 | 1.67 

6.45 | 56.60 | 18.66 | 7.56 | 5.86 | 1.78 | 0.72 | 1.54 

6.51 | 56.00 | 18.46 | 7.45 | 5.55 | 1.80 | 0.30 | 3.27 

6.93 | 55.60 | 18.72 | 8.78 | 6.02 | 1.83 | 0.69 | 1.58 

5.78 | 57.00 | 18.62 | 7.57 | 5.55 | 1.72 | 0.29 | 2.85 

7.60 | 56.10 | 18.36 | 7.62 | 5.90 | 1.75 | 0.37 | 1.65 

6.25 | 56.30 | 18.64 | 7.40 | 5.48 | 1.75 | 0.31 | 2.96 

8.42 | 55.40 | 18.58 | 7.20 | 5.98 | 1.46 | 0.70 | 1.45 

7.38 | 56.80 | 18.40 | 7.35 | 5.83 | 1.53 | 0.81 | 1.61 

6.85 | 57.00 | 18.56 | 6.72 | 5.94 | 1.54 | 0.67 | 1.61 

6.63 | 57.20 | 18.72 | 6.14 | 5.68 | 1.90 | 0.40 | 2.60 

6.92 | 56.60 | 18.62 | 7.04 | 5.90 | 1.71 | 0.59 | 1.64 

7.62 | 56.40 | 18.64 | 6.81 | 6.03 | 1.64 | 0.58 | 1.59 

| 6.89 | 57.10 | 18.76 | 7.10 | 5.90 | 1.77 | 0.55 | 1.28 
6.10 | 57.20 | 18.58 | 7.34 | 5.72 | 1.74 | 0.30 | 2.67 

| 7.13 | 56.60 | 18.84 | 7.96 | 5.94 | 1.50 | 0.54 | 1.38 
5.49 | 57.20 | 18.82 | 7.38 | 5.82 | 1.89 | 0.48 | 1.42 

6.55 | 56.60 | 19.12 | 7.00 | 5.86 | 1.95 | 0.40 | 1.57 

6.93 | 56.80 | 18.60 | 7.52 | 5.68 | 1.82 | 0.18 | 2.54 

8.57 | 55.60 | 18.78 | 7.40 | 6.02 | 1.72 | 0.42 | 2:08 

8.28 | 55.20 | 18.84 | 6.64 | 5.82 | 1.99 | 0.51 | 2.00 

7.85 | 55.80 | 18.58 | 7.48 | 5.86 | 1.78 | 0.51 | 2.47 

8.77 | 55.20 | 19.32 | 7.14 | 4.80 | 1.85 | 0.74 2.00 

9.63 | 53.80 | 19.08 | 6.80 | 6.02 | 1.76 | 1.00 | 2.14 

7.70 | 56.50 | 18.60 | 7.10 | 5.86 | 1.86 | 0.55 | 2.07 

5.82 | 57.10 | 18.54 | 7.56 | 5.50 | 1.84 | 0.62 | 2.52 

5.72 | 56.70 | 18.82 | 7.29 | 5.75 | 1.77 | 0.93 | -2.28 

5.80 | 56.70 | 19.04 | 7.60 | 5.60 | 1.78 | 0.52 | 2.47 

6.00 | 57.60 | 18.70 | 6.80 | 5.70 | 1.71 | 0.43 | 2.69 

5.63 | 57.20 | 18.86 | 7.27 | 5.75 | 1.44 | 0.39 | 2.82 

| 6.42 | 57.40 | 18.80 | 6.75 | 5.65 | 1.62 | 0.46 | 2.72 
6.22 | 57.20 | 18.90 | 6.95 | 5.55 | 1.83 0.50 | 2.98 

5.66 | 56.50 | 18.60 | 7.20 | 5.60 | 1.73 | 0.43 | 3.87 

5.65 | 56.00 | 19.06 | 7.87 | 5.65 | 1.91 | 0.61 | 3.52 

5.72 | 56.70 | 18.60 | 7.69 | 5.75 | 1.75 | 0.58 | 3.15 

| 7.00 55.80 | 18.86 | 7.62 | 5.70 | 1.69 | 0.71 | 3.03 
| 9.55 | 53.70 | 18.18 | 7.87 | 5:55 | 1.78 | 0.90 | 2.79 
| 7.23 | 56.80 | 18.26 | 7.66 | 5.60 | 1.67 | 0.63 | 3.04 
| 7.27 | 56.70 | 18.26 | 6.76 | 6.20 | 1.63 | 0.46 | 2.87 
4 8.62 | 54.40 | 18.56 | 7.55 | 5.55 | 1.71 | 0.50 | 3.16 
| 7.57 | 55.20 | 18.96 | 7.51 | 5.65 | 1.87 | 0.63 | 2.66 
7.05 | 56.80 | 18.76 | 7.45 | 5.95 | 1.72 | 0.43 | 2.80 

7.73 | 55.50 | 18.20 | 7.36 | 6.00 | 1.83 | 0.53 | 2.97 

7.43 | 56.50 | 18.24 | 7.09 | 5.85 | 1.88 | 0.52 | 2.96 

7.71 | 55.00 | 18.14 | 7.20 | 5.95 | 1.77 | 0.47 | 3.24 

8.22 | 55.90 | 18.20 | 7.07 | 6.05 | 1.74 | 0.60 | 2.93 

7.27 | 56.50 | 18.34 | 6.46 | 6.00 | 1.95 | 0.47 | 2.78 

7.57 | 57.10 | 18.44 | 7.21 | 5.55 | 2.11 | 0.47 | 2.50 

6.93 | 56.80 | 18.14 | 6.47 | 5.95 | 2.25 | 0.50 | 2.86 

7.90 | 56.50 | 18.28 | 7.21 | 5.45 | 1.91 | 0.47 | 2.94 

8.73 | 55.20 | 18.34 | 7.14 | 5.90 | 1.83 | 0.43 | 3.12 

7.28 | 56.60 | 18.60 | 6.35 | 6.05 | 1.59 | 0.39 | 3.02 

9.55 | 53.30 | 18.49 | 7.37 | 6.10 | 1.81 | 0.42 | 2.35 

7.28 | 56.40 | 18.86 | 7.34 | 6.00 | 1.86 | 0.32 | 2.48 

6.83 | 56.30 | 18.76 | 7.21 | 6.05 | 1.51 | 0.43 | 2.72 

| 7.30 | 56.00 | 18.44 | 6.85 | 5.85 | 1.74 | 0.55 | 2.46 
| 9.25 | 54.60 | 18.34 | 6.90 | 6.00 | 1.54 | 0.39 | 2.60 
| 7.41 | 55.70 | 18.24 | 7.61 | 5.95 | 1.54 | 0.35 | 2.31 
| 7.70 | 55.30 | 18.58 | 7.18 | 6.00 | 1.84 | 0.34 | 2.59 
9.15 | 54.60 | 18.70 | 6.82 | 6.00 | 1.79 | 0.48 | 2.13 

7.42 | 56.50 | 18.42 | 7.21 | 5.65 | 2.06 | 0.64 | 2.42 

| 6.38 | 56.90 | 18.70 | 7.29 | 5.85 1.71 | 0.60 | 2.31 
| 7.30 | 56.60 | 18.66 | 7.00 | 5.70 | 1.96 | 0.86 | 2.42 
9.07 | 54.60 | 18.56 | 7.23 | 5.95 | 1.57 | 0.46 | 2.68 

6.98 | 56.60 | 18.60 | 6.65 | 5.75 | 1.92 | 0.60 | 2.15 

6.93 | 56.70 | 18.54 | 7.18 | 5.70 | 0.71 | 0.74 | 2.67 

| 6.75 | 56.70 | 18.74 | 7:26 | 5.60 | 1.34 | 0.42 | 2.33 


| 
25.6 22. 
23.0 22. 
23.2 23. 
22.0 23. 
17.0 22. 
14.6 23 
| 14.6 
14.8 
| 18.2 
23.8 
No 20.6 
No 12 21.6 
No. 13 15.8 
No. 14 21.0 
~ No. 15 | 
No. 16 |} 22.0 
No. 17 | 16.8 
No. 18 | 21.0 
No. 19 | 19.0 
No. 20 | 19.0 b 
No. 21 16.2 
No. 22 22.6 of 
No. 23 
No. 24 bi 
No. 25 2: 
No. 
No. 28 lo 
No. 29 
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No. 31 
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we. al 
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No. 35 82 ce 
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No. 37 1.76 4¢ 
No. 38... 1.34 
No. 39... 1.57 
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No. 54 A 
ce 
Ne. 
No. 57..... St 
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pr 
No. 71 20.4 
No. 72 20.0 | 
| No. 74.. | 18.0 | 21. by 
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TABLE IlI—Continued 


Normal trength, 
Fineness, 
Sample etained Expansion, 
on No. per cent 
200 sieve of water 7 28 
days | days 

No. 75 22.0 21.2 213 312 1.55 
No. 76. 21.8 21.6 253 319 2.30 
No. 77. 21.6 21.4 242 334 2.70 
No. 78..... 20.0 21.6 240 | 312 | Disintegrated 
No. 79. 27.8 21.4 240 345 0.50 
No. 80. 21.0 20.6 229 | 299 | Disintegrated 
Ss ae 24.4 21.0 220 290 1.89 
> 22.8 20.6 220 288 1.48 
No. 83. 21.8 21.4 213 315 0.75 
oS er 21.2 22.4 229 319 0.48 
No. 85 27.8 21.8 216 323 0.68 
No. 86 19.2 21.4 235 304 6.80 
No. 87 25.4 21.2 244 317 0.73 
No. 88 20.6 21.8 255 337 1.30 
No. 89 19.0 21.4 249 354 1.36 
No. 90 19.6 21.4 284 363 7.44 


Oxide Analysis, per cent 

Loss 

uble| on 
MgO | CaO | SiOz | Fe20s| SOs Resi- | Igni- 

due | tion 
6.65 | 57.00 | 18.46 | 7.26 | 5.50 | 1.12 | 0.57 | 2.54 
6.55 | 56.30 | 18.84 | 7.10 | 5.60 | 1.84 | 0.33 | 2.78 
6.63 | 56.80 | 19.02 | 6.89 | 5.65 | 1.74 | 0.62 | 2.27 
7.43 | 56.70 | 18.34 | 7.13 | 5.75 | 1.82 | 0.54 | 2.82 
5.58 | 57.20 | 18.86 | 7.12 | 5.80 | 1.69 | 0.63 | 2.43 
7.00 | 56.40 | 18.62 | 7.29 | 5.65 | 1.61 | 0.48 | 2.97 
6.73 | 56.00 | 18.62 | 7.23 | 5.55 | 1.73 | 0.47 | 3.11 
6.85 | 57.20 | 18.40 | 7.36 | 5.60 | 1.73 | 0.50 | 2.52 
5.70 | 56.70 | 19.06 | 7.42 | 5.60 | 1.49 | 0.62 | 2.51 
5.58 | 56.90 | 18.52 | 7.41 | 5.65 | 1.78 | 0.69 | 3.04 
5.52 | 57.00 | 18.92 | 7.04 | 5.60 | 1.33 | 0.33 | 3.51 
6.62 | 56.70 | 18.64 | 6.93 | 5.65 | 1.71 | 0.57 | 2.38 
6.03 | 56.80 | 18.98 | 7.11 | 5.55 | 1.61 | 0.35 | 2.80 
6.93 | 56.60 | 18.58 | 7.01 | 5.67 | 2.10 | 0.30 | 3.02 
6.82 | 56.80 | 18.92 | 7.26 | 5.76 | 1.57 | 0.26 | 2.36 
7.43 | 56.20 | 18.02 | 6.93 | 5.65 | 2.03 | 0.79 | 3.22 


brands of cement had a loss on ignition 
of more than 3 per cent. -These were 
brands Nos. 2, 11, 12, 13, 15, 20, 23, 24, 
25, 26, 27, 29, 36, 40, 41, and 52. The 
loss on ignition was determined in a 
muffle furnace at 1000 C. 

SO3 Content.—Five of the cements had 
an SO; content greater than 2.0 per 
cent. These were brands Nos. 15, 27, 
46, 51, and 52. 

Insoluble Residue.—All of the cements 
had an insoluble residue of less than 
0.75 per cent. 

Table II contains a summary of the 
data presented in Table I. Comparison 
may be made with the findings of A.S. 
T.M. The A.S.T.M. Committee C 1 on 
Cement studied 32 brands of portland 
cement, so selected as to cover the United 
States products. The report of this 
study is summarized in the 1928 
Proceedings.® 

In Fig. 1 the 7- and 28-day briquet 
strengths have been plotted against the 
7- and 28-day concrete cylinder com- 
pressive strengths. For comparative 


¢ Report of Sub-Committee VIL on Strength: Report 
m ‘Cooperative Tests of Thirty-Two Portland Cements 
by Forty-Seven Laboratories,’’ Proceedings, Am. Soc. 
Testing Mats., Vol. 28, Part I, p. 261 (1928). 


purposes, all concrete cylinder strengths 
were divided by 6.219, which was the 
factor obtained by dividing the average 
cylinder strength at 7 days by the corre- 
sponding average briquet strength at 7 
days. A study of Fig. 1 indicates that 
the briquet strength at 7 days usually 
bears some relation to the cylinder 
strength. However, even at 7 days the 
discrepancies are so frequent and of 
such magnitude that the 7-day tensile 
strength cannot be considered to be a 
reliable index of cylinder strength. At 
28 days the briquet strength does not 
appear to bear any relation to the 
cylinder strength. In view of the test 
results plotted in Fig. I, it is surprising 
that the briquet test has continued for 
so many years as one of the major tests 
to determine the quality of a cement. 

In Fig. 2 the 7- and 28-day concrete 
cylinder strengths have been plotted. 
The 7-day strengths varied from a low 
of 1180 psi. for brand No. 41 to a high 
of 3045 psi. for brands Nos. 26 and 34. 
Hence, at 7 days cements Nos. 26 and 
34 had 268 per cent of the strength of 
cement No. 41. At 28 days the strength 
varied from a low of 1985 psi. for brand 
No. 41 to a high of 3640 psi. for brand 
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No. 26. Thus, cement No. 26 had 183 
per cent of the strength of cement No. 
41 at 28 days. Although the percentage 
difference appears to decrease rapidly 
from 7 to 28 days, it will be seen that the 
actual difference in pounds per square 
inch does not change very much. The 
actual difference at 7 days is 1865 psi. 
and at 28 days it is 1655 psi. It will be 
seen from Fig. 2 that 4 of the cements, 
brands Nos. 26, 32, 34, and 37, have 
outstanding 28-day cylinder strengths. 
Figure 2 emphasizes the fact that there 
may be an extremely great difference in 
quality between different portland ce- 
ments that comply with ordinary speci- 
fication requirements. 

In Table III are presented the results 
of comparative tests of 90 samples of 
high MgO content cement representing 
350,000 sacks of European cement all 
of brand No. 48. The MgO content of 
these samples varied from 5.5 per cent to 
9.6 per cent, and the autoclave expan- 
sions varied from 0.43 per cent to disin- 
tegration. The expansion in the auto- 
clave does not appear to bear any direct 
relation to the MgO content although 
disintegration did not occur for any 
sample having less than 6.55 per cent of 
MgO. White and Kemp’ demonstrated 
that MgO can combine with SiO, 
under the conditions of cement 
making. Bogue’ states that MgO 
in the form of glass does not cause 
autoclave expansion and that if cement 
clinker is rapidly cooled, most of the 
MgO will be present in the form of glass. 
It would therefore seem reasonable to 
believe that the autoclave expansion 
does not bear any direct relation to the 
total MgO content, for the 90 samples 
of high MgO cement tested, because the 
sum of the combined MgO and the MgO 
present in the form of glass varies for 
each of the samples tested. 


7 Alfred H. White and Harold S. Kemp, “‘Long-Time 
Volume Changes of Portland Cement Bars,”’ Proceedings, 
Am. Soc. Testing Mats., Vol. 42, p. 727 (1942), 


This high MgO-content cement (brand 
No. 48) was delivered to Venezuela but 
was rejected as a result of the laboratory 
tests. A part of this cement was used 
to construct a cement—soil stabilized 
base for the drill grounds and approach 
roads of an armory. The cement— 
soil mixture was closely controlled and 
compacted at optimum moisture, and 
contained 12 per cent of cement by 
volume. Control specimens were made 
up at the same time and placed in the 
moist room. One of the control speci- 
mens contained 8 per cent cement and 
the others 12 per cent cement by volume. 
The control specimens have now been 
in the moist room for 3 yr. and 3 months 
and the specimen containing 8 per cent 
of cement has started to disintegrate at 
the lower end where it is in contact with 
an asbestos cement sheet. Disintegra- 
tion at this point is apparently due to 
the fact that a small amount of water is 
usually present on this sheet. The 
specimens containing 12 per cent cement 
do not show any signs of disintegrating. 

The cement soil base was exposed to 
the weather for about 10 months after it 
was constructed and was then covered 
with a crushed stone-emulsified asphalt 
wearing course. To date no cracks 
have appeared in this wearing course. 

A sample of this cement, that had been 
stored in a warehouse for 3 yr., was 
tested. The autoclave expansion was 
8.1 per cent and the MgO 5.55 per cent. 
It therefore appears that the autoclave 
expansion of this cement has not been 
decreased by 3 yr. of storage in a ware- 
house in 4-ply paper bags. 


CONCLUSIONS 


1. The expansion in the autoclave 
test does not bear any direct relation to 
the total MgO content of the cement. 

2. The tensile strength of briquets at 
7 days usually bears some relation to 
the 7-day compressive strength of con- 
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crete cylinders made with a constant 
water—cement ratio, but the discre- 
pancies are so frequent and of such 
magnitude that the 7-day  briquet 
strength cannot be considered a reliable 
index of cylinder strength. 

3. The 28-day briquet strength does 
not appear to bear any relation to the 
28-day concrete cylinder strength. 

4, The 7-day compressive strength of 
constant water--cement ratio concrete 
cylinders made with the brands of ce- 
ment tested varied from 1180 psi. to 
3045 psi. and the 28-day strength varied 
from 1985 psi. to 3640 psi. 

5. The water-cement ratio - strength 
relationship varied so widely for the 
brands of cement tested that an average 
water-cement ratio — strength curve 
would have very little value for design- 
ing concrete mixes with these brands of 
cement. 

6. On the basis of the 7-day concrete 
cylinder strength the minimum increase 
in strength from 7 to 28 days was 16.6 
per cent, the maximum 76.8, and the 
average 37.6. 

7. The autoclave expansion of 0.50 
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per cent required by the A.S.T.M. Stand- 
ard Specification for Portland Cement (C 
150 — 42)° is a reasonable requirement. 

8. Most of the 52 brands of portland 
cement tested complied with the A.S.- 
T.M. Specifications that were effective 
at the time the cements were tested, and 
several countries produced excellent 
quality portland cement. 
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DISCUSSION 


Mr. W. C. Hanna.'—Referring to 
Table III, of the paper, which shows a 
comparison of the magnesium oxide 
content, I notice that the SiO2 content 
ranges around 18 per cent, while in the 
Society’s Standard Specifications for 
Portland Cement,!* type II, it is required 
that the SiOz content be over 21 per cent. 
The Al,O; content in most of the samples 
listed in Table III shows about 7 percent, 
whereas in the standard specifications 
for type II cement, the requirement is 
less than 6. I believe that the results 
would have been entirely different had 
the SiOz content been kept above 21 
per cent, the Al,O3; content below 6 per 
cent, and the MgO content as given. In 
other words the results reported were 
not caused by the high MgO but because 
of the lack of SiO, or an unfavorable 
composition. 

Mr. M. A. Swayze2—I think it is a 
fine thing to get some papers on portland 
cement from outside of this country. 
Robert Burns, you remember, said that 
it is a good thing to see ourselves as 
others see us. 

It is too bad, perhaps, that only four 
cements were shown from the United 
States, as compared with a large number 
from other countries. I presume the 
reason for this is probably a matter of 
trade and price. The point that inter- 
ested me, and on which the paper threw no 
light, was in the table of chemical analysis, 
andespecially in the column giving the loss 
on ignition. The majority of the losses on 


1Chief Chemist and Chemical Engineer, California 
Portland Cement Co., Colton, Calif. 

18 1942 Book of A.S.T.M. Standards, Part II, p. 1. 

2Director of Research, Lone Star Cement Corp., 
Hudson, N. Y 


ignition are relatively high for cements 
as we know them here. Practically all 
of those shipments, of course, were water 
shipments, and the statement is that 
they were in paper sacks or barrels. It 
would be of considerable interest and 
help to the manufacturers in this country 
if they could know what types of pack- 
ages those various cements were shipped 
in, so that they could learn from that 
information how best fo ship cement to 
protect it from sea voyages. 

Mr. P. H. Bates.*—There is another 
item on which I wonder whether Mr. 
Barrett could give usa little more definite 
information than he has. What were the 
specifications under which these cements 
were purchased? Somehow, I gathered 
that they were the A.S.T.M. specifica- 
tions, but it is not quite clear. 

An item which is of considerable in 
terest to Committee C-1 on Cement is the 
relatively low SO3 contents of these 
cements from foreign countries, where 
they allow 2} per cent SO;. If these 
foreign: manufacturers were allowed to 
use their own specifications, it is sur- 
prising that they did not deliver a lot of 
2-plus SO; cements. 

Mr. Nicoraas T. F. 
The author is somewhat optimistic, I 
think, in suggesting, in his conclusion, 
that the compressive strength of a con- 
crete cylinder is representative of stress 
development in a structure. It is per- 
fectly all right for him to say that the 
tension test does not mean anything as 


Chief, Clay and Silicate Products Div., National 
Bureau of "Standards, Washington, D. C. 
y oe Engineer, Board of Water Supply, New 
or 
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far as these compression test cylinders are 
concerned. That is true, but the com- 
pression test cylinder also means very 
little as to allowable stresses in a struc- 
ture. 

To elaborate: It is customary to speak 
of 4000 psi. concrete, meaning that in the 
testing of a 6 by 12-in. cylinder a com- 
pressive strength of 4000 psi. is ob- 
tained. ‘Truly, the compressive strength 
is unknown. If we should thoroughly 
grease both ends of the cylinder before 
testing, this apparent strength, accord- 
ing to some authorities, would be reduced 
up to 35 per cent, but considering only 
my own tests run some years ago, a 20 
per cent reduction is reasonable; in addi- 
tion, inasmuch as the ends of the cylinder 
are no longer rigidly held, a true col- 
umnar break occurs indicating that the 
specimen breaks by tension rather than 
by tension and shear as in the standard 
test. Lack of proper curing will reduce 
the apparent strength another 10 per 
cent, and increasing the size of the 
cylinder will account for an additional 
18 per cent reduction. These variations 
applied simultaneously leave us an 
apparent strength of only 2080 psi. 

On the other hand, if we allow the 
cylinder to dry out thoroughly before 
testing, the apparent strength will in- 
crease 25 per cent, and with a smaller 
height with the same diameter another 
10 per cent increase will appear. We 
now have brought the apparent cylinder 
strength up from 4000 psi to 5400 psi. 
Now take into consideration that in 
testing 3 cylinders made from the same 
batch of concrete, strengths may vary 
from 3600 to 4400 psi. No one knows 
whether the high or low value is the 
correct one, and it becomes apparent that 
what is commonly called 4000 psi con- 
crete may either be 2000 psi or 6000 psi. 
concrete as far as the value of this 
figure is concerned for the designer of 
concrete structures. 


It is for this reason that such a large 
safety factor is necessary in concrete 
design, as the idealized conditions in the 
compressive strength test of concrete 
cylinders never exist in the structure. 

I wanted to bring out this point so 
that we do not get too optimistic and 
assume that in testing a concrete cylinder 
we know anything about what is going 
to happen to a structure except within 
very large limits. 

Messrs. S. P. Winc® AND R. E. KEn- 
NEDY® (presented in written form).—The 
paper provides the basis for an interest- 
ing comparison between the variations 
in strength of portland cement from 
mills with a world-wide distribution 
and those from mills located in this 
country, a survey of which was published 
in 1928.6 The paper’s data show for 
tests on 6 by 12-in. cylinders, with a 
water-cement ratio of 0.69, mean 
strengths at 7 and 28 days of 2060 and 
2840 psi., with coefficients of variation 
between brands of 21 and 14 per cent, 
respectively. The corresponding values 
in 1928, at a water-cement ratio of 0.60, 
were 1850 and 3120 psi., with coefficients 
of variation of 20 and 13 per cent. Al- 


_ lowing for the difference in water-cement 


ratio, in the intervening 10 years between 
the two surveys there is an apparent 20 
per cent increase in the strength potenti- 
alities of the cement, presumably largely 
due to finer cement grinding now current. 
The variation between different brands, 
surprisingly enough, was no greater on a 
world-wide basis in 1938 than that found 
for this country in the earlier survey. 
Evidently cement manufacture has 
reached a high degree of standardization 
throughout the world. 

The paper depreciates the use of the 


6 Engineer and Assistant Engineer, respectively, US. 
Bureau of Reclamation, Denver, Colo. 

6 Report of Subcommittee VII on Strength: Report 
on ‘‘Cooperative Tests of Thirty-two Portland Cements 
by Forty-seven Laboratories,’ Proceedings, Am. Soc. 
Testing Mats., Vol. 28, Part I, p. 261 (1928). 
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cement tension briquet test as a measure 
of the strength-producing properties of 
the cement, stating that at seven days 
“the discrepancies are so frequent and of 
such magnitude that the 7-day briquet 
strength cannot be considered a reliable 
index of cylinder strength” and “the 
28-day briquet strength does not appear 
to bear any relation to the 28-day con- 
crete cylinder strength.” 

Statistical analysis shows on the con- 
trary that for both cases a highly sig- 
nificant correlation exists between the 
concrete strengths and the cement tests, 
the correlation coefficients being 0.84 and 
0.61 for the two cases. Seventy and 31 
per cent of the total 7-day and 28-day 
variance of the concrete cylinder 
strengths are accounted for by variations 
in the cement as recorded by the tension 
tests. The analysis indicates that for 
each 1-lb. change in the tensile strength 
of the cement, an 8.7 psi. and 7.5 psi. 
change may be expected in the 7- and 
28-day strengths of the concrete cylin- 
ders, the variation remaining after these 
allowances being reduced to 11 per cent 
in both cases. When it is considered 
that the concrete cylinders were molded 
at constant water-cement ratio, and con- 
sequently at varying slump, whereas the 
tension cement tests were made at vary- 
ing water-cement ratios but of equal con- 
sistencies, the unaccounted-for variation 
in the concrete cylinders not attributable 
to normal experimental error is to a con- 
siderable extent explained. 

While the author’s criticism of use of 
tension tests for determining the quality 
of cement is not considered justified on 
the basis of the data presented, the high 
predictive value of his 7-day, 6 by 12-in. 
concrete tests for determining 28-day 
strengths is noteworthy. With a coeffi- 
cient of correlation of 0.92, the prediction 
equation for 52 brands of cement at a 
water-cement ratio of 0.69 is Y = 1.38 
X + 0.86 (X — X) where Y is 28-day 


strength, X is the mean 7-day strength 
(2070 psi.), and X is the observed 7-day 
strengths of the 6 by 12-in. cylinders. 
From this equation, the author could 
predict his 28-day strengths for any 
brand of cement, with an error measured 
by a standard deviation of 5.5 per cent, a 
value within the limits of experimental 
error. 

Finally it should be mentioned that the 
14 per cent coefficient of variation be- 
tween brands of portland cement, dis- 
closed by these tests, is in reality a meas- 
ure of variation between single samples of 
different brands. It is known that even 
samples from single brands vary widely, 
with coefficients of variation of perhaps 
8 to 12 per cent. If the variance within 
a brand, in accord with this estimate, be 
subtracted from that measured by the 
author, a coefficient of variation of only 
11 to 7 per cent between the output of 
different mills is indicated. This is truly 
a remarkable uniformity for a product 
produced under such diverse circum- 
stances, in widely separated localities. 
At the same time it indicates that a 
consumer may well find it possible to buy 
a standard portland cement on_ the 
average market, with a 20 to 30 per cent 
excess 28-day strength-producing capac- 
ity, if he will but examine the average 
strength levels of the various brands 
offered. 

Mr. EuGene V. Barres? (author's 
closure, by letler).—Mr. Hanna has re- 
fered to the fact that the SiO», contents 
in ‘Table ILL range around 18 per cent 
and that in the Society’s Standard Speci- 
fications for Portland Cement (C 150- 
42)8 it is required that the SiO, content 
for type II cement be over 21 per cent. 
The actual range is from 18.02 to 19.32 
per cent. ‘This cement was received and 
tested prior to the adoption of the re- 


7 Chief, Materials Testing Laboratory, Ministry of 
Public Works of Venezuela, Caracas, Venezuela. 
#1942 Book of A.S.T.M. Standards, Part II, p. 1. 
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quirements for type II portland cement 
in 1941 (C 150-41), and the present 
specification for type I cement does not 
specify the SiO, content. 

Mr. Swayze has raised an interesting 
question relative to the type of packages 
in which the several brands of cement 
were shipped and the possible effect of 
the type of package on the loss on igni- 
tion. The bagged cement arrived in 
42.5-kg. (94-lb.) and 50-kg. (110-lb.) 
paper bags. The bags were of three 
types—4-ply paper with none of the ply 
treated to make them more impervious— 
6-ply paper with none of the ply treated 
and 6-ply paper with one of the ply 
treated to make it more impervious than 
ordinary paper. Our experience was 
that the maximum breakage of bags in 
transit occurred with the 50-kg., 4-ply 
bags and that there was more breakage 
of 42.5-kg., 4 ply bags than of the same 
weight bag with 6 ply. We also found 
that the cements packaged in 6-ply bags 
with one impervious ply had low ignition 
losses and appeared to have less harden- 
ing in storage than the cements packaged 
in the other types of bags. As a result 
the Ministry of Public Works specifica- 


tion requires that cement be shipped in 
6-ply, 42.5-kg. bags with one of the ply 
treated to make it more impervious than 
ordinary paper. 

Mr. Bates has inquired as to the speci- 
fications under which these cements were 
bought. The specifications were equal in 
requirements to C 9- 30.9 The SO; con- 
tent is usually below 2 per cent unless 
the fuel or the raw materials contain an 
excessive amount of sulfur. Even then 
it is possible to reduce the SO; by burn- 
ing at a high temperature. 

Mr. Stadtfeld’s statement that it was 
suggested in the conclusions “that the 
compressive strength of a concrete cyl- 
inder is representative of stress develop- 
ment in a structure” is not based on fact 
and his remarks as to the value of con- 
crete control by means of test cylinders 
are completely contrary to my experi- 
ence. 

Messrs. Wing and Kennedy have un- 
questionably devoted a great deal of 
study to this paper and their discussion 
is very interesting. a 


9 1930 Book of A.S.T.M. Standards, Part II, p.25. The 
Standard Specifications C 9 have been discontinued and 
replaced by Specifications C 150, 
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A COMPARISON OF RESULTS OF SIEVING PROCEDURES IN SOUND- 


NESS TESTS ON MAINE SANDS 


By ANDREW ApaAms! AND Horace A. Pratt? 


SYNOPSIS 


A series of tests to investigate the effect of the magnesium sulfate 
soundness test on Maine sands indicates that the inclusion of an alternate 


procedure in the method may be unnecessary. 


These tests, made at the 


Maine Technology Experiment Station during the years 1942 and 1943, 
were performed by both procedures specified in the A.S.T.M. Tentative 
Method of Test for Soundness of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate (C 88-417) on 64 sands from sources well distrib- 


uted over the state. 


The apparent high correlation between the two 
procedures was verified by statistical methods. 


The results obtained on 


Maine sands by final sieving over the original sieves are equally as good 
as the results obtained by final sieving over the half-size sieves. 


The increasing use of the magnesium 
sulfate soundness test to determine the 
suitability of concrete aggregates influ- 
enced the Maine Technology Experiment 
Station, Orono, Maine, to undertake, in 
1942 and 1943, a series of tests to investi- 
gate the effect of the soundness test on 
Maine sands. These tests were made 
according to the A.S.T.M. Tentative 
Method C 88,? which provides two dif- 
ferent procedures for determining the 
soundness results. In one, the sands 
which have been exposed to the sulfate 
solution are subsequently sieved over the 
original sieves, while in the alternate 
procedure,‘ they are sieved over half-size 
sieves.5 Both procedures were used in 
these tests and the resulting data were 
analyzed by statistical methods to deter- 


1 Senior Engineer, Bridge Division, Maine State High- 
way Commission, Augusta, Me. 

? Assistant Engineer, Maine Technology Experiment 
Station, University of Maine, Orono, Me. 

3 1942 Book of A.S.T.M. Standards, Part II, p. 1185. 

* After considerable investigation, it was found that 
the basic work inthe use of the half-size sieves in this con- 
nection appears to have been done in the laboratories of 
ee National Sand and Gravel Association, Washington, 


* Sieves having square openin ‘ig one half the width of 
the openings in the sieves originally used in separating the 
fractions. 


mine just how closely the results of the 
two test procedures, as applied to Maine 
sands, were related. ‘This paper deals 
with the results of that study. 


DERIVATION OF DATA 


The 64 sands used in making these 
soundness tests came from 32 different 
sources well distributed geographically 
over the state of Maine, and varied 
mineralogically from wholly granitic 
(quartz and feldspar) sands to those con- 
taining large percentages of quartzite, 
schist, and shale. These sands did not 
contain any appreciable amount of lime- 
stone. 

The following procedure was used in 
interpreting the A.S.T.M. Method C 88. 

Since the result of the soundness test is 
weighted according to the grading of the 
sand, the first step in performing the test 
was to make a sieve analysis on a 1000-g. 
sample of each sand tested. Tyler 
sieves Nos. 4, 8, 14, 28, 48, and 100 were 
used in making this analysis. 

After the fractions had been separated, 
as a result of making the sieve analysis, 
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samples weighing 100 g. were taken from 
each of the four required sizes and placed 
in separate baskets preparatory to im- 
mersion in the magnesium sulfate solu- 
tion. These baskets, about 3 in. square 
and 3 in. deep, had side walls of sheet 
copper and bottoms made from 100-mesh 
woven wire cloth. 

The soundness test was run on 28 sam- 
ples at a time, that is, samples of each of 
the four required sizes from each of seven 
different sands. The immersion tank 
was amply large to accommodate this 
number of samples, and was kept in a 
small room where the temperature was 
controlled within the required limits at 
all times. 

The magnesium sulfate, a commercial 
grade of epsom salt, was made into’a 
saturated solution in the immersion tank 
well in advance of placing the sand sam- 
ples init. Enough of the salt was used 
so that excess crystals were always 
present, and the specific gravity was 
maintained between 1.296 and 1.308. 
The solution was stirred twice daily, once 
immediately after the baskets were with- 
drawn from the immersion tank and 
again just before they were returned 
to it. 

The samples were immersed in the 
magnesium sulfate solution for 16 hr., 
following which they were drained for 15 
min., and then placed in a drying oven 
that was maintained at a temperature 
between 105 and 110C. for 7 hr. The 
samples were then cooled for about 45 
min. and again immersed in the solution. 
This procedure was repeated through five 
cycles, except that the length of the im- 
mersion period which came at the week- 
end was 64 hr. 

After the completion of the fifth cycle, 
each sample was washed entirely free of 
the magnesium sulfate, dried, weighed, 
and sieved both over the sieve on which 
it was originally retained and over the 
next smaller (nalf-size) sieve. From the 
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weights of the material retained on these 
sieves, the actual percentages of loss were 
calculated for each fraction and for both 
procedures. These several percentages 
of loss, for the four fractions used for each 
sand, were weighted according to the 
grading of the sand and combined to give 
the total weighted percentage loss for the 
entire sand. ; 


ANALYSIS OF RESULTS 


A comparison between the results of 
the two test procedures can be made 
from the data presented in Table I. 


TABLE I.—AVERAGE WEIGHTED PERCENTAGE 
LOSS FOR 64 SANDS. 


Average 
Weighted 
Sand Fraction Loss, per cent oe 
Tyler Sieves) Original) 
Orig- | Half- 8 
inal | Sized 


Sieves | Sieves 


No. 4 to No. 8.. > 1.42 


0.75 

No. 8 to No. 14 ...| 2.00 | 1.12 

No. 14 to No. 28........| 2.04 | 0.92 

No. 28 to No. 48........| 1.41 | 0.57 
6.87 | 3.36 |Average 0.49 


The entries in this table are average re- 
sults for the 64 sands tested, and the 
table shows the average weighted loss for 
each of the four required fractions and 
for both test procedures. The figures in 
the last column of the table show, for 
each fraction and for the total weighted 
loss, the ratio of the loss using half-size 
sieves to the loss using original sieves. 
These figures indicate that, in each case, 
the loss obtained by using the half-size 
sieves is about one half that resulting 
from the use of the original sieves. 

In order to represent graphically the 
relationship between the results of the 
standard procedure and the alternate 
method, and to determine a statistica! 
measure of this relationship, the data for 
the soundness tests on the 64 sands were 
plotted, resulting in the scatter diagram 
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Fic. 1.—Scatter Diagram Showing Relationship Between Results Using Original Sieves and 
Results Using Half-Size Sieves. 


shown as Fig. 1. The figures within the 
small squares in Fig. 1 represent the 
number of tests falling within the indi- 
cated ranges of the two variables. For 
instance, in the first square at the upper 
left corner of the diagram is the figure 5 
which means that there were five tests 
in which the losses on the half-size sieves 
were between 0.5 and 1.0 per cent with 
corresponding losses on the original sieves 
between 1.6 and 2.4 percent. It will be 
noted that these plotted points are ar- 
ranged in very nearly a straight line 
diagonally downward across the diagram. 
The narrowness of this band of points 
indicates that the two variables are very 
closely related. 

From this scatter diagram, a numerical 
measure of the relationship between the 
two variables was obtained by calculat- 
ing the correlation coefficient, r, accord- 
ing to the method described by H. W. 


Leavitt.6 As would be expected from the 
appearance of the scatter diagram, a very 
high correlation coefficient (r = 0.9471 
+ 0.0271) was obtained. The fact that 
this coefficient is positive indicates a 
direct relationship between the variables; 
that is, as the value of one variable 
increases, the value of the other also 
increases. 

The close relationship between the two 
variables, as indicated both by the nar- 
rowness of the band of plotted points in 
the scatter diagram and by the magni- 
tude of the correlation coefficient, shows 
that both procedures for obtaining the 
percentage loss caused by the action of 
magnesium sulfate on Maine sands are 
equally good. As far as results are con- 
cerned, they both tell the same story. 

6H. W. Leavitt, ‘‘A Method of Evaluating Concrete 
Data by Correlation, *ASTM Buxtetin, No. 91, March, 


1938, p. 15; or Maine creed Experiment ‘Station, 
Paper No. 22, March, 1938. 
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On SOUNDNESS TESTS ON MAINE SANDS 


J CONCLUSIONS 


The conclusions derived from this 
study of the results of sieving procedures 


in the magnesium sulfate soundness test 
on Maine sands may be summarized as 
follows: 

1. The percentage loss in the sound- 
ness test on Maine sands using half-size 
sieves is about one half that obtained 
with the use of original sieves, both in the 
case of the separate fractions and for the 
weighted totals. 

2. The coefficient of the correlation 
between the results of sieving over the 
original sieves and the results of sieving 


over the half-size sieves was r =, 0.9471 
+ 0.0271, indicating a very high rela- 
tionship bet ween the two test procedures. 

3. The high relationship between the 
two procedures indicates that both meth- 
ods are equally satisfactory as applied to 
Maine sands. 

4. Inasmuch as the A.S.T.M. Method 
C 88 indicates no preference for either 
procedure, unless results from some 
particular region indicate the necessity 
for having an alternate procedure, it is 
suggested that the alternate procedure 
may be superfluous and might well be 
eliminated. 
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APPLICATION OF FLY ASH FOR LEAN CONCRETE MIXES 


By Harry A. FREDERICK! 


SYNOPSIS 


This paper demonstrates the use of fly ash as a partial substitute for sand 
and also for cement in lean concrete mixes (2 to 3 bags of cement per yard 
and water-cement ratio = 15 to 20 gal. per bag of cement). 

Results of tests covering both methods of fly ash substitution are quite 
conclusive. 

The accompanying data point out very clearly that there is a decided im- 
provement in strength and workability when fly ash (dry, wet, or with high 
carbon content) is substituted for sand. As a result of this substitution less 
cement is required to secure a given strength. Substitution of fly ash for ce- 


ment alone does not improve strength or workability in lean mixtures. 


Opyect or TEsTs 

In the past decade much has been 
written regarding the fly ash disposal 
problem and the possible use of this waste 
product. The apparent consensus of 
opinion among the electric utility com- 
panies burning pulverized coal is that 
the establishment of a commercial use 
for fly ash will automatically eliminate 
the disposal problem 

Concurrent with this disposal problem 
facing the electric generation department, 
our construction department was faced 
with the improvement in the design of 
concrete used as a fill around under- 
ground electric cable duct line assem- 
blies. The two are interrelated as de- 
scribed below. 

The construction standards for our 
present duct line assemblies requires 
that the bank of fiber or transite tubes be 
encased in a concrete envelope approxi- 
mately 3 in. thick. High strength is 


1 Assistant Materials Division Chief, Maplewood a 
Public Service Electric and Gas Co., Map ewood, N. 


not required; extreme workability on the 
other hand is a most desirable factor. 
Attempts to design a concrete mix 
using the conventional ingredients and 
meeting the above requirements (500 
psi. and 6 in. slump) were very dis- 
appointing. Considerable bleeding of 
the mixing water and segregation of the 
aggregates resulted. The strength stip- 
ulation was met, but not the workability. 
Analysis of this lean mix (2 to 3 bags of 
cement per cubic yard and _ water- 
cement ratio = 15 to 20 gal. per bag) 
showed a definite lack of paste content. 
The low paste content was due, of course, 
to the low cement factor which in turn 
was dictated by the strength stipulation. 
Experiments conducted in our labora- 
tories indicate that this deficiency in 
paste content can be corrected by sub- 
stituting fly ash for a portion of the 
normal sand content in these lean 
mixtures. The optimum percentage of 
substitution will depend on the type and 
gradation of the aggregates used. Other 
fines such as limestone dust, stone 
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quarry dust, fine sand, and silt have 
been used as a substitute for coarse 
concrete sand with results in no way 
approaching those obtained with fly ash. 
The fact that fly ash is approximately 
twice as fine as normal portland cement 
and has a greater percentage of fine 
material makes it a desirable ingredient 
for augmenting the paste content of lean 
mixes. These fly ash fines help take up 
excess water and produce added paste 


for lubricating the mix. _ 
OUTLINE OF TESTS 


In studying the lubricating and. 
strength contributing qualities of fly 
ash, the tests were grouped into four 
series. 

In the first series dry fly ash was used 
to replace varying percentages of sand. 
The substitutions were increased in 
increments of 5 per cent, by weight, of 
the sand content until the mix became 
unworkable. 

In the second series dry fly ash was 
used to replace varying percentages of 
cement. Here again the substitutions 
were increased in increments of 5 per 
cent of the cement until the mix would 
not retain sufficient water for workability. 

In the third series wet fly ash, 100 per 
cent saturation, was used in the same 
manner as in the first series. 

The fourth series was intended to 
provide comparisons of plain and fly 
ash concrete mixtures of varying rich- 
ness. In the fly ash batches in this 
group, dry fly ash was used to replace 
25 per cent of the sand. 


Materials: 


A standard brand of portland cement 
was used in all mixes. The sand and 
gravel were of commercial concrete grade 
obtained from the Long Island Bay area. 
The gravel was ? in. in size. All 
aggregates were proportioned dry. 

The fly ash was obtained at two col- 
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lection points in our generating stations. 
The dry fly ash was obtained at the 
precipitators located in the boiler breach- 
ing near the smoke stack. The wet fly 
ash was obtained from a disposal pond 
into which the boiler dump and fly ash 
are sluiced. 


Testing Procedure: 


Twenty-eight batches of concrete (ap- 
proximately 1/50-cu. yd. batches) were 
proportioned by weight and tested for 
slump, flow, and compressive strength. 
Three standard 6 by 12-in. test cylinders 
were made of the concrete in each batch. 
The cylinders were moist cured and 
tested in compression at 7, 28, and 
90-days after casting. 

The total moisture content of the wet 
fly ash used in series 3 was determined by 
the hot-plate method. The percentage 
of moisture thus determined was used in 
calculating the amount of wet fly ash 
and water for each batch. 

In series 1 and 3 the water-cement 
ratio and coarse aggregate content were 
maintained constant for each batch. 
Fly ash was substituted in increasing 
amounts for an equivalent weight of 
sand to determine the optimum per- 
centage of substitution as observed by 
the workability and strength tests. 

In test series 2 the water-cement ratio 
was gradually increased. The quantity 
of sand, coarse aggregate, and total water 
were maintained constant for each batch. 

In the plain and the fly ash batches in 
series 4 the cement content was varied 
and the percentage of fly ash substitution 
maintained constant. 


RESULTS OF TESTS 
Table I summarizes the results of the 
chemical and physical tests conducted 
on the samples of fly ash received. 
The variation in the carbon content 


may be attributed to the type of coal 
burned. This variation had little effect 


| 
| 
| 
) 
n 
n. | 
in 
b- 
he 
an 
of 
ind 


1662 psi. at 28 days. 
strength of a comparable mix (2.64 bags 
of cement per cu. yd. and 25 per cent 


on the strength as shown by the follow- 
ing comparison: The carbon content of 
sample No. 174 used in test series 4 
(Table III) is more than double that of 
sample No. 85 used in series 1. Figure 
2(a) shows the strength of the concrete 
containing 25 per cent of fly ash (sample 
No. 85) to be 1017 psi. at 7 days and 
In Fig. 4 the 
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methods of using fly ash in lean mixes 
are more clearly shown in Figs. 1 and 2. 
In Fig. 2(a) it is seen that the compres- 
sive strength continually increases, 
reaching a maximum at 25 per cent 
replacement of the sand. At this opti- 
mum point, the gain in 7-day strength is 
113 per cent as compared with the 
strength of a plain mix of equivalent 
cement content; and the workability is 
more than triple that of the plain mix. 


TABLE I.—CHEMICAL AND PHYSICAL ANALYSES OF FLY ASH AS RECEIVED. 


Sample from 
Samples from Essex Station Another Util- 
ity Company 
Wet Fly | Dry Fly Ash 
Dry Fly Ash Samples Collected at the Ash Sample Sample 
Precipitators Collected | Collected at 
at Ash Pit | Precipitator 
Date sample received............... 10/17/38 1/20/39 3/8/39 2/27/40 3/27/40 4/26/40 
Ps phitrancadesviscwevebonnene No. 69 No. 82 No. 85 No. 170 No. 172 0. 174 
Chemical tests: 
9.90 12.24 6.73 6.51 8.01 14.76 
41.85 34.20 34.30 36.26 36.35 36.64 
Iron oxide, per cent............... 12.70 12.04 23.72 14.22 16.80 9.30 
Aluminum oxide, per cent......... 29.15 21.80 23.70 28.34 19.25 29.10 
Calcium oxide, per cent.......... 3.30 6.02 6.20 4.61 10.70 5.05 
Magnesium oxide, per cent........ ; 0.67 1.67 0.42 2.21 2.99 
Sulfur trioxide, per cent........... ead 1.71 2.06 1.23 1.72 0.92 
Loss on ignition, per cent......... ee 12.60 6.75 7.75 13.61 16.80 
Physical Tests: 
2.08: 2.41 2.38 2.39 2.36 
Unit Weight, lb. per cu. ft.: 
39.69 42.90 50.50 41.66 40.40 46.08 
46.00 59.96 48.60 45.45 49.87 
Voids (Loose weight), per cent... 69.2 70.7 66.4 71.9 72.9 68.8 
Sieve analysis (dry), per cent: 
Passing No. 16 sieve............ 97.0% 
Passing No. 50 sieve 87.0% 
Passing No. 100 sieve........... 82.0% 
Passing No. 200 sieve........... 92.0 92.0 90.0 69.0 78.0 | 93.8 
Passing No. 325 sieve........... 80.0 67.0 42.0 16.0 69.0 | 75.4 
Slate gray | Slate gray | Slate gray | Light brown | Light gray | Slate gray 


substitution of fly ash (sample No. 174)) 
is observed to be 940 psi. at 7 days and 
1725 psi. at 28 days. 

Table II summarizes the proportion- 
ing, yield, workability and strength 
results for the various batches of 
concrete in the first three series of tests. 
The results for the series 1 and 2 mixes 
definitely favor sand replacement by 
dry fly ash as against replacing any of 
the cement. The results of the two 


The compressive strengths at the age 
intervals shown in Table II (series 1) 
were plotted on semi-log paper, assuming 
the age as the function varying according 
to the compound interest law. The 
curve for 20 per cent substitution was 
straight, indicating that the values 
plotted satisfy the compound interest 
law formula of the general form: 


VY = Pe™ if 


Values of age and _ corresponding 
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strength were substituted in the formula or a 
and the constant P and ,r derived. 


Further calculation resulted in the ' fie log VY + 0.2343 
following formula for the age-strength _ 0.00104 
where 


relationship of 20 per cent dry fly ash 


substitution for sand: 
X = compressive strength, and | 


0.0024X 
Y = 0.583¢ Y = age in days. 
8 160 
i 
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(The quantities of cement, gravel, (The quantities of sand, gravel, and 
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batch.) batch.) 


_ Fic. 1.—Workability of Concrete Mixes Containing Fly Ash (Sample No. 85). 
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ling Fic, 2.—Compressive Strength of Concrete Mixes Containing Fly Ash (Sample No. 85). 


(Standard 6-in. diameter by 12-in. high cylinders, moist cured at 70 F.) 
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In the case’of cement replacement in 
lean mixes the strength continually 
decreases as the cement is replaced by 
fly ash; and the improvement in work- 
ability is practically negligible. 
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bleeding of the mixing water and segre- 
gation of the coarse aggregate is very 
apparent. This same condition exists 
in the plain mix. Figure 6 shows the 
plastic condition of the fly ash mix and 


TABLE II.—WORKABILITY AND STRENGTH OF CONCRETE MIXES IN WHICH FLY ASH pum USED ASA 
SUBSTITUTE FOR VARYING PE RCEN TAGES OF SAND AND CEMENT. 


Weights of Materials in Each Batch Test Results 7 
— = Variation 
ield o ompressive trengt 
2 Rech | Strength, psi. | over Plain 
. __| Mix, + = Remarks 
4 & | absolute | Increase 
= > 
as 4 | volume,| | — = De- 
46 4 = 6 = cu. ft. é > crease, 
ou < | a a Qa per cent 
| a | | & | ~ | 
Series 1—Tests Usinc Dry Asu Sample No. 85% 
Plain Mix—No Fly Ash 
4.96] 26.50] 41.30| 110 | 0.5496 | 2.00 | 0.70, 477 | 725 | 837 | | Bleeding 
Sand Replaced by Fly Ash 
4.96 | 1.32 | 25. 18) 41 41.30| 110 | 0.5505 | 6.50 | 97.80] 654 | 884 | 974| +37 | Little bleeding 
Weicavasi 4.96 | 2.65 | 23.85! 41.30) 110 0.5513 7.25 |121. 99) 672 | 1008 | 1888 +41 | ver —_ 
bleeding 
a 4.96 | 3.98 | 22.52) 41.30) 110 0.5520 | 7.00 |109. 15 902 | 1432 | 2118 | +89 | No bleeding 
° 5.30 | 21. -20) 41.30) 110 0.5528 7.75 |116.33)| 973 | 1609 | 2100 +104 | Fatty 
6.62 | 19.88) 41.30} 110 0.5536 7.50 | 62.17, 1017 | 1662 | 2282 +113 | Very fatty 
7.95 | 18. 55) 41.30) 110 0.5544 1.75 | 32.67; 884 | 1627 | 2728 +85 | Too stiff 
Serres 2—CEeMENT REPLACED BY FLy 
4.71 | 0.25 | 26.50! 41.30] 110 | .0.ss00 | 2.12 | 38.70| 424 | 654| -11 | Bleeding 
BB. .ccece 4.46 | 0.50 | 26.50) 41.30) 110 0.5503 | 2.25 | 55. 80, 354 601 698 —26 | Bleeding 
ar 4.22 | 0.74 | 26.50) 41.30; 110 0.5507 | 3.00 | 22.25) 362 530 | 600 —24 Bleeding 
cause 3.97 | 0.99 | 26.50) 41.30| 110 | 0.5511 | 3.00 | 40. -25) 4 575 | 709 —35 Bleeding 
er 3.72 | 1.24 | 26.50) 41.30) 110 | 0.5516 3.25 | 43. 08) 460 785 -37 ew Bleeding 
Serres 3—Tests Usinc Wet Fy Asu SAMPLE No. 172 (100 PER CENT SATURATION) 
Plain Mix—No Fly Ash 
Gicciaw | 4.96 | 0 | 26.80| 41.30) 110 | 0.5196 | 2.00 | 66.60] 477 | 760 | 833 | 0 | Bleeding 
Sand Replaced by Fly Ash 
| roe 4.96 1.98) 25. 18) 41. 30| 110 | 0.5505 | 6.75 1105.83 460 760 | 1000 | —4 | Bleedin 
er 4.96 3.97; 23.85) 41.30, 110 0.5513 7.00 |143.30| 460 822 | 1730 —4 Little bleeding 
BS. <seese 4.96 | 5.97) 22.52) 41.30) 110 0.5520 | 8.00 |138.75| 584 | 1008 | 1686 | +22 a 
ble ing 
2D. ccccee 4.96 7.95) 21.20) 41.30) 110 0.5528 7.50 |120.10) 628 | 1149 | 1818 +32 No bleeding 
a 4.96 9.93) 19.88) 41.30) 110 0.5536 7.00 | 95.00} 619 | 1132 | 1922 +30 Fatty 
D.ccccce 4.96 | 11.93) 18.55) 41.30] 110 0.5544 5.25 | 95.00} 601 | 1167 | 2048 +26 Very fatty 


@ The above results a are shown graphically in Figs. 1 and 2. 


The workability of the lean mixes 
involving the two methods of fly ash 
substitution are best observed in Figs. 5 
and 6. These photographs show the 
mixes after completion of the flow test. 
In the mix shown in Fig. 5 considerable 


vy 


the absence of any segregation of the 
coarse aggregate and bleeding of the 
mixing water. 

The results of substitutions of wet 
fly ash for sand are shown in series 3, 
Table II. The improvement in early 
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Fic. 3.—Comparative Compressive Strengths of Plain and Fly Ash Concrete Mixtures of 
Varying Richness. 
In the Fly Ash Mixes 25 per cent of the Normal Sand Content was Replaced by an Equivalent Weight of 
Dry Fly Ash, No. 174. ee 
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Fic. 4.—Comparison of Plain and Fly Ash Concrete Mixtures Showing Saving in Cement Content 
per Cubic Yard of Concrete Made Possible by Substituting Fly Ash for 


25 per cent of Normal Sand Content. 
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Fic. 5.—Mix in which 25 per cent of the Cement 
Was Replaced by an Equivalent Weight 


ei of Dry Fly Ash. : of Dry Fly Ash. 
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Fic. 7.—Plain Concrete Mix 


Fic. 6.—Mix in which 25 per cent of the Sand 
Is Replaced by an Equivalent Weight 


1G. 8.—Concrete in which 25 per cent Dry 


Fly Ash Was Substituted for 
Equivalent Sand. 
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strength is not so pronounced as in the 
dry fly ash substitutions. However, the 
strengths at longer periods of aging do 
compare favorably with those for dry 
fly ash. In both the wet and dry fly ash 
substitutions, the mix was quite plastic 
at 25 per cent replacement of the sand. 
Table III summarizes the workability 
and strength results of plain and fly ash 
concrete mixtures of varying richness. 
In all the fly ash mixes the optimum 
percentage of dry fly ash substitution for 
sand was maintained and the richness 


TABLE III—COMPARISON OF PLAIN AND FLY 
ASH CONCRETE MIXTURES OF VARYING 
RICHNESS. TEST SERIES 4. 

In the fly ash mixes 25 per cent of the normal sand 
content was replaced by an equivalent amount of dry 


fly ash No. 174. 
| Bags Compressive 
Water- | Cement Slump, | Flow, | Strength, psi. 
Cement per 
y 7 Day | 28 Day 
PLAIN MIxeEs 
0.916. 4.18 7.50 131.7 1539 1910 
Baas. | 3.43 7.50 143.4 911 1203 
1.367.. | 2.78 | 6.25 | 96.6 725 
1.965... | 2.06 | 2.25 | 36.7 274 477 
Fry Asa 
cr 3 3 | 3.97 | 7.50 | 95.0 | 2096 | 3484 
1.315 San | tae 101.6 1450 2653 
- 2.45 8.75 125.0 831 1698 
J er 2.02 7.50 120.0 566 1052 
<r 1.42 7.50 100.0 354 610 


Note. —The above results are shown graphically in 
Figs. 3 and 4. 


varied from 1.42 to 3.97 bags of cement 
per cubic yard. The richness of the 
plain mixes was varied in approximately 
the same amount. The results for this 
series of tests are shown in Figs. 3 and 4. 
These curves show quite clearly that the 
7-day strengths of all the fly ash mixes 
are greater than the 28-day strengths 
of the plain mixes of equivalent cement 
content. The shaded area in Fig. 4 
indicates the amount of additional 
cement required in a plain mix to equal 
the strength of a fly ash mix. At 1500 
psi. this amount is calculated to be 1.4 
bags of cement, 


B... FREDERICK ON FLY ASH FOR CONCRETE 


817 


The density of concrete using a fly 
ash mix and a plain mix of equivalent 
cement content can be seen 


shown in Figs. 7 and 8. oa. 
condition of the plain concrete mix is 
seen in Fig. 7. The large pores in the 
surface of the cylinder are the result of — 
evaporation of the excess mixing water. 
It is to be noted that both of these mixes 
contain the same amount of cement, 
coarse aggregate, and water, and that. 
the only difference in the two mixes is 
that in the fly ash mix 25 per cent fly ash 
was substituted for sand. Substituting 
25 per cent dry fly ash for equivalent 
sand resulted in a dense concrete and a 
smooth hard surface as seen in Fig. 8 

Examination of a test manhole poured 
approximately 33 yr. ago with fly ash 
concrete resulted in similar favorable 
characteristics. The wall surface of the 
manhole was cleaned by wire brush and 
then chipped by hammer, revealing a 
smooth, hard, and dense surface with no 
signs of deterioration. 

‘The results would indicate that all the 
improvements in lean concrete mixtures 
containing fly ash substitutions for sand 
are principally due to the added paste 
produced by the combination of the 
excess mixing water and the fly ash fines. 
This additional paste reduces the voids 
and thoroughly coats the surfaces of all 
the aggregates. The cement paste in 
plain mixes is apparently not sufficient 
to realize these benefits. 


SUMMARY 


The results of the tests may be sum- 
marized briefly, as follows: 

1. Fly ash substitutions for equivalent 
weights of sand in lean concrete result 
in higher strength and greater work- 
ability than plain concrete. 

The optimum point for fly ash 
substitutions is 25 per cent of the sand 
content. 


3 

Dry 
— 
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3. The bleeding of the mixing water in 
lean concrete is considerably reduced by 
fiy ash substitutions for sand. 

4. Wet fly ash substitutions are not so 
effective as dry fly ash in producing high- 
early-strength concrete. However, at 
longer periods of curing there is little 
difference in the strength of the mixes 
containing wet or dry fly ash. 

5. The 7-day compressive strength of 
lean fly ash mixes averages 16 to 34 per 
cent greater than the 28-day strengths 
of plain concrete of equivalent cement 


content. 


6. For a specified strength, fly ash 
mixes require 34 to 48 per cent less 
cement than plain concrete. 

7. The density and surface hardness of 
concrete containing fly ash substitutions 
for sand are superior to plain concrete of 
equivalent cement content. 

8. Strength and workability are not 
effected detrimentally by high-carbon 
fly ash when the ash is used as a partial 
substitute for sand in lean concrete. 

9. From a disposal standpoint much 
greater amounts of fly ash may be used 
by replacing sand rather than cement in 
lean mixes. 
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Mr. Water G. Donerty.’—In a 
paper of this kind it would be interesting 
to know the type of sand used and also 
its analysis. We have followed in the 
literature in recent years a great many 
papers purporting to show that we do 
need in our sands a certain minimum 
amount of fines, and some of our specifi- 
cations now make provision in that 
respect. 

We have found in New York that 
we not only have to deal with the 
gradation of the sand, but also the type 
of the sand; in other words, whether 
it is a stone sand or a natural sand. 
That is why I felt that more complete 
knowledge of the type of sand that 
was used in your experiments would 
be of benefit to us. 

Mr. Harry A. FREDERICK.2—In reply 
to Mr. Doherty I must confess that the 
omission of the sand analysis was quite 
accidental. 

The sand used in our experiments was 
a natural quartz sand sold in the metro- 
politan New York area. 

The mechanical analysis follows: 


Passing 3% in. sieve............. 100 per cent 
Passing No. 4 sieve............ — = 


The rodded weight averaged 2850 lb. 
per cu. yd. 
Mr. S. Fred- 


1Chemist in Charge, Division of Tests, President of 
the Borough of the Bronx, New York, N. Y. 

? Assistant Materials Division Chief, Maplewood 
Laboratory, Public Service Electric and Gas Co., Maple- 
wood, N. 


_ *Chie % Materials Section, Department of Public 
Works, The City of New York, New York, N. Y. 


erick seems to 
questions that perplex us in New York. 


It was brought out, just before my > 


rising, that there is a lack of fines in 


use in New York, notably the sands 


certain sands purchased for ane ; 


obtained by dredging operations. I 
understand that the dredging operators 


waste at least 50 per cent of the product 
they produce in obtaining gravel because 
that sand is not marketable as a con- 
crete sand. 

At the same time, we have a very 
serious problem here of disposing of fly 


ash and fine ash. There is practically 


no other kind of ash here. We have 
difficulty in getting cinders for cinder 
concrete. Well, if that fly ash (which 
we pay to dispose), added to portland 
cement (for which we pay a fair price) 
will give us a concrete having the 
properties that Mr. Wuerpel and others 
advocate, with the use of fine sands, 
I think we have the answer to several 
problems all at once, and this subject 
which Mr. Frederick has brought up is 
very interesting. 

Mr. Nicoraas T. F. STADTFELD.A— 
I should like to ask whether any freez- 
ing-and-thawing tests were made on 
these specimens; in other words, is any 
of this concrete ever used above the 
frost line? 

The reason I ask that is because in the 
State of Washington it was found that 
the addition of carbonaceous materials 
greatly reduced the resistance to frost 
action on concrete. 


Division Engineer, Board of Water Supply, New 
York, N. Y. 


have an answer to several - 
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Mr. FrepERICK.—The class of con- 
crete studied in our experiments is used 
entirely for underground — structures. 
Therefore, freezing-and-thawing — tests 
were not considered necessary. How- 
ever, other investigators have found 
that fly ash concretes exhibit about the 
same resistance to freezing and thawing 
as corresponding plain mixes. 

Author’s closure, by letter —The im- 
portance of added fines in lean concrete 
is clearly illustrated in the foregoing 
data. Richer mixes, involving fly ash 
substitution for sand, were also in- 
vestigated with results more or less in 
general conformity with those for the 
leaner mixes. Our tests indicate that 
in both classes of concrete a total fines 
content (cement, or cement plus fly 
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ash) of at least 564 Ib. is essential for 
optimum results. 


600 


| = 564 

ot X= Quantity of 

400 Cement per yard 

<3 Y=*Quontityof | | 

Fly Ash per yard 

> | 

300 | 

SE | 

200 

c 

Sa 

Sz 100; - 

| 


\e) 100 200 300 400 500 60C 


X=Normal Cement Content per yard, Ib. 
Fic. 1. 


The proportions of cement and fly 
ash for optimum results are shown in 
the accompanying Fig. 1. 
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are described and illustrated. 


When, a few years ago, interest in the 
possibility of increasing resistance of 
concrete to freezing and thawing by 
means of air entrainment was revived, 
particularly to reduce the scaling of 
highway pavements, it seemed desirable, 
in order to obtain a full appreciation of 
the function of air entrainment in con- 
crete, to study the effects of entrained 
air on the several individual ingredients 
of the concrete. 

It is an irrefutable fact that markedly 
better performance, particularly for some 
exposures of concrete, results from care- 
fully controlled air-entraining concretes. 
Such concretes are more plastic and show 
less bleeding. Benefits to other proper- 


ties of concrete will unquestionably be re- 
vealed with further investigation. How- 
ever, in some cases, results have been 
obtained which indicate the desirability 
of a more thorough knowledge of the 


' Manager of Cement Division, Dewey & Almy Chem- 
ical Co., Cambridge, Mass. 


ENTRAINED AIR—ITS EFFECT ON THE CONSTITUENTS OF PORTLAND 
CEMENT CONCRETE 


By Henry L. KENNEDY! 


SYNOPSIS 


This paper describes investigations covering the effect of two types of 
air-entraining agents on the various constituents of portland cement con- 
crete, the object being to assist in a better understanding ‘of the action of 
air-entraining agents on portland cement concrete. 
trained by the fine aggregate constituent and two methods of measuring 
such air are described. The effect of the air-entraining agents on the port- 
land cement constituent is also described. Photomicrographs are shown for 
both cement and fine aggregate in the presence of the air-entraining agents. 
Concrete (and simulated concrete) with and without air-entraining agents, 


The amount of air en- 


function of air-entraining agents on the 
various ingredients of portland cement 
concrete. 

It is well known that the durability 
of ordinary concrete (without air-en- 
training agents) as measured by freezing 
and thawing becomes consistently better 
as the water-cement ratio is lowered. 
Some air voids are present in all concrete 
even in the absence of air-entraining 
agents. But since such air is com- 
paratively negligible, the total volume of 
water plus air is largely a function of the 
water content. It follows that for or- 
dinary concrete, if the total volume of 
water plus air is decreased, the durabil- 
ity will increase. 

But when additional air in the form of 
well-distributed bubbles has been en- 
trained in concrete by means of an air- 
entraining agent, the same rules do not 
necessarily hold. In this case the total 
volume of water plus air is largely in- 
fluenced by the amount of entrained air 


& 
q 


present. Many tests with air-entraining 
concretes have shown that durability as 
measured by freezing and thawing gen- 
erally becomes consistently better as 
the total volume of water plus air is in- 
creased. 

This paradoxical situation indicates 
clearly that when air-entraining agents 
are present, a new mechanism is set up 
in the concrete structure which must 
govern the durability as measured by 
freezing and thawing. 

It is the purpose of this paper to point 
out some of the indications resulting from 
a study of the portland cement and ag- 
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EFFECT OF AIR-ENTRAINING AGENTS ON 
NEAT PoRTLAND CEMENT 


Percentage of Added Air Entrained in 
Neat Cement: 


With a normal but constant type of 
mixing, the results of a series of tests 
with four air-entraining agents of the 
type under the scope of this investiga- 
tion and fourteen cements having an 
average surface area of 1750, indicate 
that in general 1 + 3} per cent 
added air is entrained in neat portland 
cement paste for each added increment 
of 0.01 per cent of the agent. 


Added Air Content Strength Consistency _ 
005 10000 | 10 
| 4% | | 
| | | 
3 4 
| 
6 2 4 6 


Added ‘Air, per cent (constant water-cement ratio) 


Fic. 1.—Effect of Various Quantities of Air-Entraining Agent and Entrained Air On Compressive 
Strength and Consistency of Neat Cement. 


gregate constituents of concrete, es- 
pecially as to differences in particle size 
in the presence of two classes of air- 
entraining agents, namely, (1) resinous 
materials and (2) water soluble wetting 
agents such as sulfated alcohols and sul- 
fonated hydrocarbons. It is further the 
purpose of this paper to point out (1) 
the danger of uncontrolled air and (2) 
the desirability of studying more com- 
pletely the effect of air-entraining agents 
in rich mixes. The amount of air-en- 
training agent used in this investigation 
varied from 0.01 per cent to 0.05 per 
cent of the cement. . 


All four agents used did not entrain 
exactly the same amount of added air 
with all fourteen cements. Apparently 
composition, fineness, and, possibly, par- 
ticle size distribution influenced the ac- 
tion of the air entraining agent on the 
portland cement paste. But for the 
purpose of this discussion, the entrain- 
ment of approximately 1 per cent added 
air per 0.01 per cent additional air- 
entraining agent, is considered to be 
normal (Fig. 1). 


Consistency of Neat Portland Cement: 


The consistency of a neat portland 
cement paste (as measured by penetra- 
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tion of the Vicat needle) was in general 
progressively stiffened as _ increasing 
amounts of the air-entraining agent were 
added (Fig. 1). Examination of cement 
paste under E. Leitz’ “Ultropak” micro- 
scope with oblique illumination, shows 
that the air which is known to be present 
by actual measurement, is not readily 
discernible (Fig. 2). It is suggested 


that the entrained air may be adsorbed 
on the cement particles. 

The fact that the consistency of con- 
crete (as measured by the slump test) 


Without air-entraining agent. 


Fic. 2.—Neat Cement Paste With and Without Air Entraining-Agent Using Ultropak Microscope 
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neat cement paste usually results in a 
greater consistency (stiffer paste), it is 
obvious that the attendant decrease in 
strength of neat cement cannot be com- 
pensated for by a reduction inwater. It 
is probable that the air entrained in the 
cement paste constituent of concrete 
contributes toward reducing the-strength 
of the concrete. Consequently, it may 
be expected that as the cement content of 
a concrete mix increases, the effect of the 
air-entraining agent upon strength of 
concrete will become more pronounced. 


With air-entraining agent. 


With Vertical Illumination (X 500). 


is improved as increasing amounts of air- 
entraining agent are added, presents an 
interesting problem. 


Strength of Neat Cement: 


Repeated tests have shown a consist- 
ent decrease in strength of neat cement 
specimens with increased percentages of 
air-entraining agent (Fig. 1). But since 
a corresponding increase in air content is 
noted, the reduction in strength is more 
likely due to the entrained air than to 
the agent. 

Because the increase in air content in 


Durability of Neat Cement: 
It is well known that neat cement 


_ specimens expand and contract exces- 


sively with changes in moisture content, 
which must cause large stresses especially 
at the surface. Also, freezing and thaw- 
ing causes large stresses to be developed 
and these stresses may cause local dis- 
ruptions near the surface of the neat 
cement specimen. Both of these actions 


tend to cause progressive scaling inward. 

An investigation involving eleven dif- 
ferent cements, both with and without 
air-entraining agents, indicates that neat 
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specimens containing  air-entraining 
agents are less durable than the com- 
panion untreated specimens (Table I). 
This is in line with the lower strengths of 


KENNEDY ON ENTRAINED AIR IN PORTLAND CEMENT CONCRETE 


in size or possibly because the added air 
is adsorbed on the fine particles. 

It is worthy of note that failure of the 
treated specimens occurred through ex- 


TABLE I.--EFFECT OF AIR ENTRAINING AGENTS ON NEAT CEMENT SPECIMENS. 
Freezing and Thawing in Calcium Chloride. 
Cement — Total | Initial | Number | Final | Loss, per 
—_—-— p meee Density Air, Weight, of Weight, | cent by Remarks 
No. Type | per pom 8 per cent g. Cycles g. weight 
| 2.25 0.5 489.08 200 448.90 8.2 } Slow-speed stirrer 500 
- 0.03 2.14 $.3 460.79 200 395.50 14.2 rpm. 
0 2.22 2.3 492.85 200 445.60 9.6 } High-speed stirrer 
{| 0.03 2.05 9.3 435.41 | 200 357 55 18.1 10 000 rpm. 
2 nil ° 2.23 1.3 512.50 | 180 428.81 16.3 
i} 0.03 2.19 3.1 504.10 180 367.00 27.2 
° 2.23 1.3 512.60 180 463.51 9.6 
veeeeeees {| 0.03 2.16 4.5 504.10 180 404.37 19.8 
2.23 1.3 478.20 140 480.0 +0.2 7 
. 0.045 2.14 5.3 481.43 140 462.53 3.9 t 
0 2.23 1.3 496.20 | 140 491.24 1.0 
0.045 2.14 5.3 473.66 | 140 443.94 6.2 
0 2.23 1.3 479.60 | 120 455.73 5.0 Hand mix, A.S.T.M. 
0.03 2.15 4.8 471.60 | 120 413.30 12.4 Method C 77 - 40% 
cis 
0 2.24 0.8 478.40 | 120 456.64 4.6 
0.03 2.15 4.8 464.60 | 120 409.25 11.9 
‘ I 0 2.20 2.6 | 469.55 115 425.10 9.5 
veteeeees 0.03 2.15 4.8 447.00 115 369.00 17.4 
2.19 3.1 468.84 110 430.35 8.2 
4) 0.03 2.15 4.8 475.75 110 386.10 18.8 
u/ 2.26 0 491.65 110 390.27 20.6 
2.20 2.6 479.45 110 367.51 23.3 | 
(i 2.24 0.8 496.40 110 490.22 4.3 } Slow-speed stirrer 500 
: . 0.03 2.14 5.3 463.55 | 110 69.33 85.0 rpm. 
2.20 2.6 479.25 110 386.24 19.3 || High-speed stirrer 
0.03 2.04 9.7 423.00 110 49.67 88.3 |f 10000 rpm. 
10 I 2.20 2.6 469.25 70 448.75 4.4 
seeeeeenees 0.03 2.15 4.8 456.02 70 416.70 8.6 
{; 0 2.20 2.6 473.16 70 460.37 2.7 Hand mix. A.S.T.M. 
; 0.03 2.14 53 455.75 70 424.95 6.9 Method C 77 - 404 
0 2.20 2.6 471.60 70 465.80 1.2 
0. 3 2.14 5.3 452.92 70 427.30 5.7 


Notes.—Water-cement ratio, for all tests = 0.25 by weight. 
10 per cent CaCl» solution used for each series. 


Test specimens 1.5 by 1.5 by 6.0 in. prisms. 


All specimens cured 1 day molds, 6 days moist, 6 days laboratory air, and 1 day moist except cement No. 9 


which specimens cured 7 days moist. 


@ Standard Methods of Sampling and Physical Testing of Portland Cement, 1942 Book of A.S.T.M. Standards, Part 


II, p. 33. 


the treated cements but, more impor- 
tant, it seems to indicate that the air 
voids in the treated cement are not avail- 
able for relief of expansion due to freez- 


ing either because they are insufficient 


cessive scaling of all faces. Scaling was 
more pronounced on the top face of the 
specimen as cast and was least noticeable 
on the bottom face. The cores in all 


‘cases were sound, as measured by dy- 
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namic modulus, even when the specimen 
was reduced to one-third its original size. 


EFFECT OF AIR-ENTRAINING AGENTS ON 
FINE AGGREGATE 


The following investigation was car- 
ried out to determine the degree and 
function of entrained air on fine aggre- 


I \pparatus Used in Determining Air 
Content With Alcohol Water Solution (Method 
IT 


Material Used: 


A local washed sand known as Scituate 
sand, was used for this investigation. 
The Scituate sand was graded from No. 
14 to passing a No. 100 sieve to provide 
individual sizes. 

Two air-entraining agents were used 
throughout; one a resinous material and 
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with a thin layer of paraffin. 
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the other a water soluble sulfonated 
hydrocarbon, both in solution form. 


Test Methods: 


The procedure consisted of making a 
mixture of 250 g. of sand and 60 ml. of 
water, with and without the air-entrain- 
ing agent. Water was added to the sand 
and allowed to stand 30 sec. in a 400-ml. 
beaker, followed by 2 min. of uniform 
vigorous stirring with a j-in. spatula held 
in a vertical position. 

Two methods were used to check the 


amount of air entrained. 


1. The first was a density measure- 
ment of the wet mix of sand and water, 


_ utilizing a small container of approxi- 


‘mately 150 ml. capacity. The percent- 
age added entrained air was determined 


of the treated and untreated samples. 


The total air was calculated from the 
theoretical weights.of the materials used. 

2. The second method was actually to 
measure the amount of air entrained in 


the wet mix of sand and water by the use 


of the apparatus shown in Fig. 3. A 


_ standard mason jar was used with a 
specially cast bronze cap which had two 


openings, one for venting the system and 
the other connected to a 100-ml. burette 
by means of rubber tubing. 

The mixture was carefully placed in 
the mason jar, levelled off and sealed 
The space 
above the paraffin was filled with a 25 
per cent alcohol solution in water. The 
jar was then capped, the burette at- 
tached, and the entire system filled to the 
100-ml. mark with the alcohol solution, 
taking due care to remove all free air 
from the system. The use of a glass 
container makes this operation one of 
simple observation. 

The paraffin seal was then broken by 
agitation of the jar. Continued agita- 
tion of the jar by rolling on a smooth 
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No. 30 to No. 50 sieve 


No. 100 to No. 200 sieve. 


No. 50 to No. 100 sieve. 
Fic. 4.—Fine Aggregate in the Presence of an Air-Entraining Solution Using Ultropak Microscope 
With Vertical Illumination (X 65). 


TABLE I1.—AMOUNT OF AIR ENTRAINED BY DIFFERENT SAND FRACTIONS IN THE PRESENCE OF AN 
AIR-ENTRAINING AGENT. 


Total Air, per cent Added Air, per cent 
With Air-Entraining Agent Present 
Sieve Size | ing Agent Present 
Present, Method 1 | Method 11 Method | Method 
I, avg. II, avg. 
1 2 3 | avg 1 2 | 3 | ave ave 
eT SS are 4.5 14.8 | 14.6 | 13.3 | 14.2 | 15.7 15.5 15.4 | 15.6 9.7 11.1 
5.9 20.0 | 21.0 | 22.3 | 21.1 | 21.6 | 22.2 | 21.0 | 21.6 15.2 15.7 
No. 50 to No. 100.............. 6.8 24.0 | 23.2 | 24.2 | 23.8 | 24.9 | 26.0 | 25.3 | 25.4 17.0 18.6 
a eee 6.6 7.9 8.6 9.0 8.5 | 10.3 9.6 9.8 9.9 1.9 3.3 
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surface permitted all the air in the mix- 
ture to escape through the burette. The 
total entrained air of the mixture was 
determined by observing the reduction of 
Solution in the burette and correcting 
the total decrease in volume for change in 
volume of solution due to the presence of 
alcohol. 

The alcohol water solution was used 
because it helps collect all the free air in 
the mix in large bubbles thus preventing 
the formation of excessive foam which 
might mask the reading. 

It is interesting to note that the 
amount of air entrained with fine aggre- 
gate in the presence of an air-entraining 
agent reaches an optimum with the No. 
50 to No. 100 size sieve. It is most 
significant that sand passing the No. 100 
sieve entrains very little added air 


(Table IT). 


Microscopic Studies: 

Microscopic studies were made of the 
same sand fractions with and without the 
air-entraining agent using E. Leitz’ “Ul- 
tropak” microscope with oblique illumina- 
tion. Photomicrographs shown in Fig. 4 
exhibit clearly the mechanism by which 
sand in the range between No. 30 to No. 
50 and No. 50 to No. 100 sieve, is plasti- 
cized when air is entrained by the class of 
agents used in this investigation. The 
seemingly perfect spheres or ball bearings 
of air bubbles cling to and separate the 
sand particles, thus forming an excellent 
means of lubrication. 

But when the particle size is finer than 
the No. 100 sieve, no air bubbles are 
discernible (Fig. 4) despite the fact that 
some air is present (Table II), again sug- 
gesting that the air may be adsorbed on 
the fine particles. 


Errect OF AIR-ENTRAINING AGENTS ON 
COMBINED FINE AND COARSE 
AGGREGATE 


The following investigation was car- 
tried out to determine the degree and 
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function of added entrained air with the 
combination of fine and coarse aggregate 
in the presence of an air-entraining agent. 
A Rex drum-type half-sack mixer operat- 
ing at a speed of 18 rpm., was used for 
this investigation. A concrete mix of 
1:2.5:3.5 proportions and a correspond- 
ing simulated concrete omitting the ce- 
ment, were made for the purpose of com- 
paring appearances. The sand and 
gravel were both bank run material, the 
sand having a fineness modulus of 2.62 
and the gravel 7.05. The maximum size 
aggregate was 1} in. 

For the actual concrete mix, type I 


“cement with a surface area of 1750 was 


used. A water-cement ratio of 0.60 by 
weight and a mixing period of 2 min. 
produced a slump of 6 in. (Fig. 5(a)), 
without air-entraining agents. 

For the corresponding simulated mix, 


. the same amount of sand and gravel were 
added to the mixer but the cement was 


omitted. The mixer was started and 
sufficient water added to produce a sur- 
face damp condition, hence a very harsh 
crumbly mix. A 2-min. mixing period 
produced a slump of 0 in (Fig. 5(0)), 
without air-entraining agents. 

The mixer was again started. ‘The air- 
entraining agent was then added in solu- 
tion form in an amount of 0.005 per cent 
by weight of the total aggregate. ‘This is 
equivalent to the amount of air-entrain- 
ing agent available in a 1:6 concrete mix, 
assuming 0.03 per cent of the agent on the 
cement. For 2 min. after adding the 
agent, the mix continued harsh but dur- 
ing the next 2 min., the mix developed a 
flowing consistency. No segregation was 
apparent. ‘The larger aggregates were 
covered with a paste of airandsand. The 
mix produced a slump of 6 in. The 
measured added air content was 10 per 
cent. 

The above simulated concrete mix was 
repeated except that a pinch of dry car- 
bon black was added to the mix simply 
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to impart a cement-like color. After 
mixing for the same period, the mix pro- 
duced a slump of 6 in. and an added air 
content of 10 per cent (Fig. 5(c)). 

It would be difficult indeed to tell 
which product was a six-sack mix and 
which was a zero-sack mix. Based on 
workability and placability, the zero sack 
mix with the air-entraining agent would 
be selected in preference to the actual 
concrete mix of the same slump without 
the air-entraining agent. Of course, if 
this mixture is allowed to stand long 
enough for the air to dissipate, it reverts 
to a harsh sand and gravel mix. 

It is obvious that an excellent appear-’ 
ing concrete can be made with a very low 
cement content if sufficient added air isen- 
trained with the mix. But the strengths 
would be so low that despite the relief of 
stresses provided by the added air, the 
concrete would not be serviceable. 
Strength is still a requirement of portland 
cement concrete, and air is not a substi- 
tute for portland cement. 


SUMMARY AND DISCUSSION 
It is well known that good concretes 
containing well-distributed air voids are 
more plastic, show less bleeding, and have 
superior resistance to freezing and thaw- 
ing. It is now generally conceded that 
these properties are attributable to the 
entrained air and not to some hidden 
property of the agent. Some decrease 
in strength is anticipated and tolerated 
for highway concrete where strength is 
still sufficient and where the tendency to 
eliminate scaling is most important. 
From the limited scope of this investi- 
gation, it is indicated that all the air 
entrained in concrete is not beneficial. 
It has been shown that the air which is 
entrained in the cement constituent does 
not contribute to durability. Since con- 
cretes containing entrained air will give 
greater durability as measured by freez- 


ing and thawing and since the air 
entrained in the portland cement 
constituent does not contribute to this 
durability, it is apparent that the air 
entrained in the fine aggregate must be 
responsible for the enhanced properties 
of the concrete. This seems to answer 
in part at least, why air-entraining agents 
may be more efficient in lean mixes than 
in rich ones. 

The presence of well-distributed air 
bubbles which are introduced by the air- 
entraining agent on the fine aggregate 
provides an explanation for the mechan- 
ics of improved plasticity. For a given 
percentage of air-entraining agent, and 
constant mixing conditions, the quantity 
of air entrained by the aggregate 
is a function of the particle size of 
the aggregate, the optimum range being 
between the No. 30 and No. 100 sieve 
sizes. A small amount of air is entrained 
by fractions smaller than No. 100 sieve. 
If the air which is known to be present 
in the sand passing a No. 100 sieve is not 
present as free air bubbles, it is suggested 
that such air may be adsorbed on the fine 
aggregate thus contributing in no way to 
plasticity or durability. 

Although air entrained in concrete is 
unquestionably beneficial, it seems ad- 
visable to limit the amount of such air. 
Excessive amounts of air will permit large 
reductions in the water-cement ratio, yet 
the net reduction in strength may be too 
great. Furthermore, excessive air pro- 
duces excessive plasticity and there is a 
real danger that the inexperienced user 
of air-entraining concrete may inadver- 
tently reduce the cement content to an 
undesirable point because of the excellent 
appearing concrete. Some reduction in 
strength may be tolerated, but there is a 
limit beyond which the beneficial effect 
of entrained air may be outweighed by 
lack of sufficient strength to withstand 
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the stresses due to wear and applied 
loads. 

A likely explanation of the resistance 
to freezing and thawing of a concrete con- 
taining entrained air is shown diagram- 
matically in Fig. 6. The presence of 
available air voids will relieve the inward 
pressure as freezing and thawing pro- 
gresses, since such pressure tends to lower 
the freezing point and require only space 
for the water tocreep inward. 


(Exposed Surface 
\ Of 


Concret 
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Fic. 6.—Concrete Air Void Diagram. 


The diagram exhibits exaggerated air 
voids. It may be assumed that the indi- 
cated voids extend less than # in. into the 
depth of slab. It is further assumed 
that the voids at the surface are filled 
with water at stage 1. When the water 
in the outer void freezes, pressure is de- 
veloped forcing the excess water (approxi- 


mately 10 per cent) through the 
permeable concrete to a free void where 
the pressure is relieved as shown in stage 
2. Stages 3 and 4 show progressive freez- 
ing and relief of inward pressure. If 
insufficient voids are not available, dis- 
ruption must follow. 


CONCLUSIONS 


Though it is apparent that further 
work should be done along the lines re- 
ported here, certain tentative conclusions 
may be drawn at this time, due considera- 
tion being given to the limited scope of 
the data and types of air-entraining 
agents studied. 

1. The amount of air entrained in a 
concrete may be varied by the gradation 
of the fine aggregate constituent even 
though the amount of air-entraining 
agent remains constant. The No. 50 to 
No. 100 sieve size seems to entrain the 
most air. 

2. It seems possible that the impor- 
tance of the presence of a minimum 
amount of sand passing a No. 100 sieve 
which is a real factor for many ordinary 
concretes, may be minimized when air- 
entraining agents are used. 

3. One of the principal dangers of ex- 
cessive entrained air which produces 
excessive plasticity of concrete, is the 
invited or inadvertent reduction in 
cement content to the possible detriment 
of other properties than resistance to 
freezing and thawing. 

4. The effect of air-entraining agents 
on the neat cement constituent points to 
the desirability of further research with 
air-entraining agents in the rich mix 
range. 
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Mr. F. B. Horniproox.'—Figure 6 
presented by the author illustrating a 
possible mechanism of the role played by 
air-entrainment in increasing frost re- 
sistance calls to mind some studies at the 
National Bureau of Standards on the 
pore spaces in concrete. The total pore 
space was determined with an air-expan- 
sion porosimeter, and the so-called 
easily fillable pore spaces were taken as 
the spaces filled during 24 hr. immersion 
in water at room temperature. The 
ratio of easily fillable pore space to the 
total pore space ranged from 0.7 to 0.85 
for a good grade of normal concrete. 
When an air-entraining cement was used 
in the concrete, however, that ratio de- 
creased markedly, reaching a value as 
low as 0.4 when the air entrainment was 
as high as 8 to 10 per cent. It is indi- 
cated accordingly that concrete contain- 
ing entrained air, even though provided 
with opportunity to become saturated, 
may still retain a considerable volume 
of unfilled pore space. The mechanism 
described by the author seems therefore 
entirely logical. 

Mr. E. WUERPEL.?—-Some 
experiments were conducted in our lab- 
oratory, we being very much interested 
in the facility with which the discrete 
bubbles of air engendered by the use of 
the air-entraining agent might be sat- 
urated or become filled with water after 
placement and hardening of the concrete. 
The only way we could approach such 
a study was by reducing the temperature 
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of the specimens saturated with water 
under reduced pressure to well below zero 
in order to fix any moisture present in 
the voids in the form of ice so that no 
change would occur in water content 
following rupture of the specimen to 
permit inspection of the interior. Rup- 
tured sections of specimens so treated 
were examined under the microscope at 
a temperature below 0 F. The work 
was conducted by Mr. Rexford of the 
laboratory staff who found that none of 
the voids were completely filled with 
water (ice) despite every effort at satura- 
tion. The voids were almost filled with 
water in the very surface film of the 
specimen, but none of the voids were 
completely filled and those in the in- 
terior were usually not more than half- 
filled. The results of this investigation 
support the conception given in the di- 
agram as approaching factual conditions. 
The air-voids in concrete or mortar may 
be relatively impermeable under ord- 
inary pressures, but the pressure induced 
by freezing of concrete or mortar from 
the outside inward may be great enough 
to force water into the voids and relieve 
the pressure created by the formation of 
ice around the surface of the voids. It 
may be possible that compression of the 
air in the voids may generate sufficient 
pressure to expel the water when the 
thawing of the concrete occurs. The 
fact that we have not observed any air 
voids completely filled with water or ice 
suggests that the compression of the air 
in the voids prevents complete filling 
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It should be recommended very 
strongly that the air-entraining agent, 
per se, is not a means of conserving 
cement. Thecement factor should not be 
reduced. Instead, the water-cement ratio 
should be reduced which is made practi- 
cable by the additional workability pro- 
vided and thereby approximate the 
strength obtained normally with similar 
cement without the air-entraining agent 
but with a greater water ratio. 

The thought has been a little bit too 
general—that when an_air-entraining 
agent is used, as it should be used, it must 
be accompanied by the sacrifice of a 
material amount of strength in concrete. 
That has been proven not to be so in a 
very wide use by the Corps of Engineers. 
I can cite a number of cases, but the 
pavement for the Rome Air Depot is 
outstanding, where Vinsol resin was first 
used on a major scale and was watched 
very closely. 

There, the water-cement ratio was re- 
duced to 4.80 gal. per bag, where a 53 gal. 
water-cement ratio would have been re- 
quired with plain cement. The cement 
factor was 53 bags per cubic yard, which 
would have had to be used with the 
higher water-cement ratio had Vinsol 
resin not been employed. ‘The concrete 
was supposed to develop 4500 psi. in 28 
days, before the use of Vinsol resin had 
been contemplated. With the reduction 
of the water-cement ratio, the concrete 
in the structures developed 5115 psi. in 
28 days as measured by the conventional 
6 by 12-in. cylinder. Therefore, full 
parity in strength was achieved. 

The pavement was cored about 90 days 
after completion of the work and the 
average compressive strength of the 193 
cores was 6655 psi. At the time of test- 
ing, the cores varied in age from 90 to 
180 days. 

Now, certainly in that case, where the 
cement content was not increased, it can- 


not be said that there was a sacrifice in 
strength. 

That applies equally well to other 
structures built by the Corps of En- 
gineers, now numbering in excess of 168 
separate uses of Vinsol resin cement. 
There have been only five cases where 
the strength has been below the specified 
requirements—and in each one of those, 
the air content was completely out of 
hand. It was not 1 per cent or 2 per 
cent. It was not in the order of 5, 6, 7, 
or 8 percent. It was in the order of 12 
to 16 per cent. Photomicrographs were 
made of that concrete, and in every case 
the particles of coarse aggregate (which 
are mostly clearly seen) were completely 
surrounded by air voids. The coarse 
aggregate actually floated in the air voids 
which surrounded those particles. Now, 
that, of course, is entrainment of air to 
an absurd degree, and that is why we felt 
that we had to improve the means of 
control of Vinsol resin. 

However, I should like to emphasize 
that the possibilities of the use of Vinsol 
resin are too great to damn it by con- 
tinuing to believe that its use entails a 
necessary sacrifice of strength, either 
flexural, compressive, or, as the tests 
indicate clearly, in the bond strength to 
steel. There is little doubt, however, 
that the future investigations will cause 
the development of air-entraining com- 
pounds which will possess accelerators 
which will more than compensate for the 
acknowledged effect of entrained air, 
per se, on the strength of concrete. 

Mr. D.S. Cotsurn.*—I should like to 
know what strengths Mr. Wuerpel got 
without the air-entraining agent in ce- 
ment. 

Mr. WUERPEL.—You mean at Rome? 
We didn’t use it in significant amounts. 

Mr. CoLBurn.—Well, then you are 
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Mr. A. T. Rocers.*—If I understood 
Mr. Kennedy correctly, he said in his 
paper that it was the particle sizes be- 
tween the No. 30 and the No. 100 sieves 
that entrained the most air. I have just 
run up against a practical problem here 
in connection with a masonry mortar. 

The masonry cement contains a stea- 
rate and a plasticizing agent, so that, 
with masonry sands obtained by washing 
out of concrete sands, there is about 10 
per cent air ina 1:3 mix. On that basis, 
where the mortar is machine-mixed in 
a ready mix truck, we always allow for 
23 cu. ft. of entrained air. 

Based on the data that I had from 
previous jobs, I gave the mortar con- 
tractor figures in which he could assume 
this 23 cu. ft. of air, and he delivered 
about a thousand yards of mortar. We 
received a complaint from the brick con- 
tractor that this yield was short, so we 
ran a check yield on this mortar and 
found that we were getting but 25 cu. ft., 
which was approximately what we would 
get by calculating out the materials based 
on their respective bulk specific gravities 
without allowance for entrained air. 

Now, in examining this mortar, there 
was no evidence of any air bubbles com- 
ing out of it whatsoever. The.sand used 
had about 90 per cent passing the No. 16 
sieve with the bulk of it between the No. 
30 and the No. 100 sieves and about 8 
per cent passed the No. 100 sieve, which 
is all in the particle sizes that Mr. Ken- 
nedy mentioned. We have not com- 
pleted the analysis of the sand, but the 
organic test was satisfactory to start 
with, and I should like to ask Mr. 
Kennedy what he thinks about that. 

Mr. Henry L. KENNEpy.*—Since the 
sand gradation noted as being present by 
Mr. Rogers seems ideal for the entrain- 
ment of air in the presence of air entrain- 


3 Manager, Technical Service Dept., North American 
Cement Corp., New York, N. Y. . 

* Manager, Cement Div., Dewey and Almy Chemical 
Co., Cambridge, Mass. 
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ing agents similar to those discussed in 
this paper, namely, resinous materials and 
water-soluble wetting agents such as 
sulfated alcohols, it is suggested that 
possibly there was a deficiency in the 
amount of plasticizer present or possib!y 
that the mixing was not sufficient. 

The effect of both stearates and tallow 
on the aggregate may vary considerably 
from the types investigated. I have no 
firsthand information available for these 
materials. 

Mr. M.A. Swayze.>—The function of 
the entrained air bubbles is first to reduce 
the water-cement ratio. The bubbles act 
as substitutes for sand grains and by 
being non-absorbent, rounded and elastic 
promote workability in the concrete with 
less water. In identical mixes, the 
water-cement ratio drops whenever air 
entraining cement is substituted for a 
corresponding normal portland cement. 

However, since the bubbles act simi- 
larly to sand, the change from normal 
portland cement to air-entraining cement 
in any normal concrete mix will yield an 
oversanded batch. Mixes should there- 
fore be redesigned when an air-entraining 
cement is used. A good rule is to take 
out 1 per cent of sand for each per cent 
of air entrained. Since sand has the 
highest water requirement in the mix 
next to the cement, removal of it will 
decrease the water-cement ratio still. 
further. 

Mr. WuERPEL.—As indicated by my 
previous statement that, the discrete air- 
voids in concrete are not filled with water 
even after considerable effort is made to 
fill them by pressure, absorption of mix- 
ing water by the air-voids does not 
constitute a means of reducing the net 
water-cement ratio used in the concrete. 
But as Mr. Swayze so effectively stated, 
the water-cement ratio should be reduced 
in the design of the mixture. 


5 Director of Research, Lone Star Cement Corp., Hud- 
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just dealing against a theoretical value 
and not an actual one? 

Mr. WuERPEL.—Yes, except for the 
fact that, as I stated, the mixture was set 
up first using plain cement. We de- 
signed this mix in the laboratory to 
provide a cylinder strength of 4500 psi., 
but we placed only a very small amount 
of that concrete in the project. 


Mp. F. LANG.’—-The Minnesota 
Highway Department constructed about 
twenty-five miles of experimental con- 


crete pavements in 1941 and about a half 
Three different types of 


mile in 1940. 
cement were used on these projects. 
The three types were all portland ce- 
ment, 15 per cent portland cement by 
weight replaced by an equivalent abso- 


4 
TABLE I. 


Project Cement Geses 


15 
All portland 10 
45 
10 


5 
6 


2804-01 | Blend 
Vinsol resin 
All portland 
No. 4507-04 Blend 
Vinsol resin 


All portland 


No. 5203-09 Blend 
Vinsol resin ; 

All portland 21 

No. 8001-03 | Blend 
Vinsol resin 8 


N 
oo 


Number of Age 


Compressive | Per cent 
Strength, of All Cement- 
Pst. Portland | Water Ratio 
150 5803 
707 7155 0.621 
150 5091 87.7 
702 5364 75.0 } 0.638 
150 4877 84.0 
696 6034 84.3 } 0.679 
150 4544 82.1 
715 5438 82.3 } 0.589 
150 3999 72.2 
708 S111 717.4 } 0.646 
150 4691 
1053 5841 
150 4170 88.9 
1062 5445 93.2 
150 4503 96.0 
1063 5265 90.1 
150 5707 
690 7290 } 0.606 
150 4690 82.2 
693 6157 84.4 } 0.602 
150 4019 70.4 
691 4713 64.6 } 0.627 


Mr. CoLsurn.—But you are still 
getting a theoretical value in the field 
and not an actual one. 

Mr. a_ theoretical 
value, but, perhaps, a theoretical rela- 
tionship between the strength of plain- 
cement concrete and _ Vinsol-resin- 
treated-cement concrete. It is a fact, 
however, that the cement content was 
not increased because of the use of Vinsol 
resin. The project specifications re- 
quired a cement factor of 6.0 bags per 
cubic yard and an actual factor of only 
5.75 bags per cubic yard was used. 


lute volume of natural cement, and 
Vinsol resin treated portland cement. 
No change was made in the proportions 
of cement, fine, and coarse aggregate. 
The cement-water ratio used was to give 
workability for the fixed proportions 
used. The aggregates, equipment, and 
contractor’s organization were the same 
for each project. The accompanying 
Table I shows the compressive strength 


7 Engineer of Materials and Research, Minnesota 
Highway Dept., University of Minnesota, Minneapolis, 


Minn. 
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of cores from each project at two ages and 
also the cement-water ratio used. 

Mr. Horniprook.—tThe statement 
made in the author’s conclusion No. 2 
raises an interesting question with re- 
spect to light-weight concrete made with 
light-weight aggregates. It is common 
practice to use a considerable percentage 
of “fines” when utilizing light-weight 
aggregates of the angular type, in order 
to obtain the desired workability. The 
“fines” are of course the heaviest frac- 
tion per unit volume of the light-weight 
aggregates. Could not air-entrainment 
be employed to provide workability in 
such concretes, with a consequent reduc- 
tion in the amount of fines needed? It 
seems that a real and significant advan- 
tage might thus result from the replace- 
ment of the heaviest fraction of the 
aggregate with the lightest possible ag- 
gregate fraction, that is, air bubbles. 
Certainly it is evident from Fig. 4, pre- 
sented by the author, that the aggregate 
passing a No. 100 sieve contributes little 
or nothing to the entrainment of air in a 
form helpful to workability. It is won- 
dered if anyone has information on the 
use of air-entrainment in concrete made 
with light-weight aggregate? 

Mr. F. O. ANDEREGG® (by -letter).— 
Factors affecting air entrainment in mor- 
tars and concrete, as anticipated from 
previous knowledge of foam production, 
may be expected to include: 

1. The presence of agents that lower 
surface tension of water. 

2. The presence of agents that stiffen 
the air-liquid interfaces. 

3. The specific surface of the solids. 

4. The radius of curvature of the solid 
particles. 

5. ‘The packing of the solids, including 
the boundary effects at their surfaces. 
6. The consistency of the mix. 

The air-entraining agent is added to 


* Consulting Specialist on Building B. 
Pierce Foundation of Connecticut, New Haven, Conn. 
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provide sufficient of the first two, but 
these effects may be helped by the pres- 
ence of various substances attached to 
the aggregate, such as traces of organic 
compounds and finely divided clays or 
impalpable rock dust. These solids tend 
to go to the interface and help materially 
in stabilizing the foams. 

It is a matter of observation that the 
air bubbles attach themselves to the 
aggregate surfaces in order to reduce 
interfacial area, and so the amount en- 
trained should be a function of the spe- 
cific surface. ‘The limiting factors in this 
attachment are the radius of curvature, 
on the one hand, and the degree of pack- 
ing of the solids, on the other. A small 
radius, such as is found at the point of an 
irregular particle, does not tend to 
encourage attachment of the air bubbles. 
Also, the bubbles tend to rise from the 
upper surface of the particles, and from 
that upper part of the lower surface 
which depends upon the ratio of the radii 
of the solid particles and of the bubbles, 
and, which occurs, where the center of 
the bubbles extends beyond the edges 
of the grain. 

When particles of many sizes are 
present, that is, if the grading is con- 
tinuous, they may fit together so well as 
to exclude air bubbles. However, if the 
grading is a gap grading, the imprison- 
ment of air at the surface of the larger 
grains should be facilitated, not only at 
the under side of the larger grains, but 
also upon their upper sides. 

It was also thought that the chemical 
nature of the aggregate would have 
little if any effect; siliceous and calcare- 
ous particles of the same shape and 
freedom from impurities should aid en- 
trapment of about the same amount of 
air. Also, the wetter the mix and the 
more mobile it is and the more dilute 
the agents, the greater the ease of escape 
of the air bubbles. 

To secure experimental check on this 
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analysis, two methods of experimenta- 
tion have been used. In the flask 
method 50 g. of solids was introduced 
into a 50-ml. flask. Water, with or 
without the air-entraining agent, was 
added to fill to about 40 ml. of volume 


Fic. 1.--Foam Formation in the Presence of 
Natural Cement, where the Impalpable Dust 
aids in the Stabilization. The Sediment also 
contains a great deal of Entrapped Air. 
and the flask was shaken vigorously for 
30 sec., and water was added up to the 
mark. ‘The flask was then allowed to 
stand for 2 min., during which part of 
the entrained air bubbles rose to the 
surface. In some systems only one or 
two bubbles weuld arise, while in one 
particular instance the whole neck was 


ewe 


nearly filled with foam (accompanying 
Fig. 1). The foam volume was meas- 
ured, and a drop or two of alcohol was 
added to break down the foam. More 
water was added to bring the level again 
up to the mark and the flask and con- 
tents were weighed. 

The other, or ‘“‘can,’’ method was that 
recommended by the Dewey and Almy 
Chemical Co. for testing the effectiveness 
of entraining agents. A mixture of 
standard Ottawa sand and cement 3:1 
is stirred with 15 per cent of its weight 
of water, and the density of the resulting 
mix is compared with that calculated. 
Where sand alone was to be studied the 
mixture described above by Mr. Ken- 
nedy has also been used. 

The first experiments were made with 
Cowbay sand which had_ been 
ground finer in a pebble mill to supply 
more of the finer fractions. This ma- 
terial was sized with standard screens in 


silica 


a Ro-Tap shaker, and was tested by the 
flask method. 


Foams of 3- to 8-ml. 
volume formed at the top of the flask 


and on breaking them with alcohol, the 
presence of appreciable amounts of im- 
_ palpable dust was noted at the interfaces 


When the sand fractions were washed 
until free of this dust, the foaming was 
greatly reduced. The Dewey and Almy 
Darex was used as air entraining agent. 


TABLE If-—AIR ENTRAINMENT BY AGGRE 
GATE FRACTIONS, VOLUME PER CENT 
FLASK METHOD. 

18/7 
| =) ale | Aa | 
{|none | 3.5:11.7) 6.2/14.2 
unwashed 908)1.4 |... |3.8)4.6/16.8)16.3 14.1)31.3 
washed |0.008)0.7 |0.7/0.6/0.6) 2.6)14.3) 
unwashed . 18.5) 
Dolomite 
unwashed 10.008 | 16.8)12.8 
washed \0.008| 
Traprock, un- | | | 1 
washed (0.00813 .9 2) 4.6)5 3)12.2) 4.1 | 
Scituate, un- | | } | | 


j!2. 


« Darex added, per cent ‘based on weight of the sand 
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In these experiments the amount of 
air entrapped depended upon the amount 
of Darex added, the size of the given 
fraction, and the presence of impalpable 
dust. In all cases the fraction retained 
on a No. 200 screen entrapped more air 
than larger sizes. 

The effect of cement was studied next, 
using both cement alone, 17 g. with and 
without 0.03 per cent Darex, and when 
admixed with 50 g. washed whole Cow- 
bay sand. The amount of air entrapped 
by 50 g. whole sand alone with the given 
amount of Darex was 0.11 ml., and 0.02 
ml. in the absence of Darex. 


TABLE IIl.—VOLUME OF AIR ENTRAINED BY 
t EMENTS AND BY CEMENT-AGGREGATE MIXES. 
By 17-g. Cement Onl By 17-g. Cement, 50-g. 
y Washed Cowbay Sand 

| Water Darex 

! 

= per | per 
Cement cent | cent 

% | mi.| by | mi. | by 

= vol- vol 
ume ume 

Type I Portland ..... 0.24 (0.45 | 2.5 |1.71 | 9.4 
High Early Portland ..|0.20 {0.56 (0.75 | 4.1 |2.62 |14.4 
Vinsol Portland 10.16 |0.87 |0.93 | 5.1 '1.92 |10.6 
Natural cement. 0.28 (0.63 |2.29%|12.6 2.77 |15.2 
Hydraulic Lime \0.33 0.41 |0.78 | 4.3 1.56 | 8.6 

| 


n Fig. 1. 

The volume of the air entrapped by 
the cement-sand mixes is greater than 
that held by the same amounts of these 
materials by themselves. This may well 
be the result of a condition at the bound- 
ary of the larger sand grains, where the 
cement does not pack as well as by itself. 
Also, the cement should help hold some 
air bubbles on the upper surface of the 
sand grains. 

The natural cement was characterized 
by a large amount of impalpable dust 
which went to the air-liquid interfaces, 
aiding greatly in froth formation as 
shown in Fig. 1. 

Experiments with the Dewey and 
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Almy ‘“‘can” method have yielded some 
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TABLE IV.—AIR ENTRAPMENT WITH WATER 
ONLY. 


By Unwashed Dolomite, Fraction on No. 100-sieve 


Water-solids ratio, per cent. 24.0 20.0 16.0 
Air entrapped, volume per cent. 17.1 18.3 23.9 


By 3 Washed, Whole Cowbay Sand: 1 Cement 


Water-solids ratio, 
per cent by 
weight......... 25.0 21.7 18.3 15.0 13.3 11.7 
Air entrapped, vol- 
ume percent.... 7.2 8.5 8.1 7.8 10.0 12.8 — 


Consistency....... very quite wet sl. very very 
wet wet wet sl. good © 
wet 
By 3 Unwashed, Whole Cowbay Sand : 1 Cement 
Water-solids ratio, 
per cent by 
Air entrapped, vol- 
ume percent.... 5.1 6.5 7.7 8.7 13.3 13.8 
Consistency....... very quite wet sl. very very 
wet wet wet sl. good 
wet 
The wetter the mix, the less the entrainment of air. 


results of the effect of the consistency on 
air entrapment, as follows: 

In Table V results are given for dif- 
ferent aggregate fractions with and 
without cement, and all made up to the 


TABLE V—AIR ENTRAINMENT BY PLASTIC 
MIXES. VOLUME PER CENT 
elias 
7/3 1 


225 WwW ashed Co ow vbay Sand: 75 Cement: 45 is Water 


Darex, 0.03 per 
cent on the ce- | 
ment - 


Water only 2! 14. 3/37. 1 


225 Unwashed Cowbay Sand:75 Cement: 45 Water 


Water only..... 

Darex, 0.03 per 
cent on the ce- 


\ 


32.9/36.8 


250 V 9 Washed Guten Sand: 60 Water 


119.4|18.7 
Darex, 0.008 per | | 


_ 230 Ottawa Sand: 60 Water 


Water 


Darex, 0.008 per | | | 
cent on sand ..-|13.6 20.2 


250 Dolomite: 25 Cement:45 Water 


Wi ater only ..|12. 


| 
—1— 
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“very good” consistency, which means 
one having a very good “plasticity.” 

It was observed that the presence of 
the agent resulted in definite improve- 
ment in plasticity, while maximum ap- 
parent plasticity was reached with the 
fraction retained on a No. 100 sieve, 
after passing a No. 50 sieve. The order 
of magnitude of included air was also 
determined by making cubes from the 
mixtures and weighing. It checked the 
above values, allowing for the reduction 
in air content due to the working neces- 
sary for molding the specimens. At this 
consistency the agent helped the entrap- 
ping action for the whole sand and for 
the coarser fractions, but seemed to have 
less effect with the finer particles, prob- 
ably because of the difficulty of washing 
all the impalpable dust from the latter. 

The results of these experiments seem 
to bear out the initial analysis of the 
problem. In addition, no significant 
difference between silica and dolomite 
has become apparent. 

Mr. KENNEDY (aulhor’s closure, by 
letter).-While air-entraining concretes 
are unquestionably more impermeable 
than corresponding concretes in the ab- 
sence of air-entraining agents, yet they 
are permeable to a minor degree under 
atmospheric pressure—at least to the 
extent of saturating the outer layer of a 
concrete surface. The remaining air 
voids relieve the pressure produced by 
freezing as shown in Fig. 6. It is ap- 
parent that if it were possible thoroughly 
to saturate a concrete containing en- 
trained air, just prior to freezing, the 


concrete would show little resistance to 
disruption. 

Concretes containing controlled 
amounts of total entrained air—3 to 5 
per cent—will produce an increase in 
resistance to freezing and thawing ample 
for good performance in the field, partic- 
ularly when such concrete mixes are re- 
designed to prevent a lower cement 
factor. 

Where Mr. Anderegg seems in ap- 
parent disagreement with the results of 
my paper, particularly in the sand frac- 
tions smaller than No. 100 sieve, it is 
suggested that excessive stiffness of the 
mix masked the true measurement of 
entrained air. Mr. Anderegg’s observa- 
tion generally seems in substantial agree- 
ment with the findings in the original 
paper: 

“Tt was observed that the presence 

of the agent resulted in definite im- 

provement in plasticity, while maxi- 

mum apparent plasticity was reached 

with the fraction retained on a No. 100 

sieve, after pasing a No. 50 sieve.” 

Because of the action of air-entraining 
agents on the fine aggregate (at least 
those studied within the scope of this 
investigation), it seems reasonable to 
believe that great improvements can be 
made in the manufacture of light-weight 
concretes with light-weight aggregates 
where a substitution of the heavier sand 
particles may be made with entrained air. 
It also seems reasonable that the No. 100 
sieve sand fraction might even be elim- 
inated from a concrete mix when air-en- 
training agents are used, without in any 
way harming the workability properties 
of the fresh concrete. 
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PRECISION 


CONCRETE CYLINDERS 


By S. P. Winc,' WALTER H. Price,! aNnD CLEMEUNT T. Dovctass! 


Representative research and field laboratories are found to mold and test 
companion 6 by 12-in. concrete cylinders of 4300 psi. average 28-day 
strength, with a precision equivalent to a coefficient of variation of 3.4 per 
cent. Modifications of this coefficient for tests of concrete having different 
strengths or utilizing different size test cylinders are given. The small var- 
iation between companion cylinders, as compared to the variations of the 
same number of cylinders taken from different batches, suggests that a bet- 
ter utilization of a limited number of tests can be made if, except for special 
conditions, the practice of testing companion cylinders from a single batch 


SYNOPSIS 


INDICES FOR COMPRESSION TESTS OF COMPANION ‘ 


= 


is abandoned. 


Application of the precision coefficient to the analysis of unexplained 
strength variations between cylinders cured in a fog room is given. It is 


shown that, even in such a room, curing at different locations may cause h 
maximum strength variations of the order of 8 per cent. 


Methods for the economic determina- 
tion of the number of tests required to 
control the uniformity of concrete on the 
job or for research purposes are discussed 
in the last section of the A.S.T.M. Re- 
port on Significance of Tests of Pe- 
troleum Products.2 The authors of that 
report closed their discussion regretting 
that they could not make specific recom- 
mendations, because they lacked data 
on the precision constants. The present 
paper provides these values for the com- 
pression testing of companion concrete 
cylinders based on data from 20 widely 
distributed laboratories and covering 
2500 batches of concrete. 


Engineers, U. S. Bureau of Reclamation, Denver, 
olo. 
2 Report on Significance of Tests of Concrete and Con- 
crete Aggregates (1935). 


Precision Index: 


The most useful measure of precision, 
or the ability to reproduce results, is the 
standard deviation. This index is ap- 
proximately that particular deviation 
plus and minus from the average which 
includes two thirds the total number of 
observations, providing a large number 
of observations have been made. It is 
likewise approximately equal to five 
fourths the average or mean deviation. 
Expressed as a per cent of the mean, it is 
called the coefficient of variation. Sev- 
eral methods for accurately computing 
the standard deviation are given in the 
Society’s Manual on Presentation of 
Data,’ together with certain corrections 
needed to convert values determined 


* A.S.T.M. Manual on Presentation of Data, 1940 edi- 
tion; corrections from Table I, p. 50. 
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from a small number of tests to those 
applicable to a large number. Although 
the application of the correction makes 
the result an estimate, such corrections 
make it possible to compare coefficients 
from series of an unequal number of ob- 
servations on a uniform basis. Correc- 
tions have been applied in the present 
paper, and, although the results should 
strictly be called “estimated standard 
deviations,” the adjective is dropped. 
Within-Batch Coefficient: 

The most uniform compression test 

cylinders made by a laboratory are 
companion cylinders from a single batch 
cured side by side. If from each batch 
the lowest test strength be subtracted 
from the highest, and several (30 to 100) 
such differences, obtained from different 
batches, be averaged, the number of 
companion cylinders per batch being the 
same, the average range thus obtained 
provides an easy method of computing 
the standard deviation of companion 
cylinders. In this paper such an average 
range in pounds per square inch, con- 
verted into a per cent by dividing by the 
series mean, and divided by 1.13 if two, 
or by 1.69 if three companion cylinders 
are tested per batch," is called the within- 
batch coefficient (estimated co- 
efficient of variation for companion 
cylinders). In a single index it measures 
the ability of a laboratory to mold, com- 
pact, cap, cure, and test concrete 
cylinders taken from the same batch in a 
uniform manner, making possible quanti- 
tative comparisons of technique of dif- 
ferent laboratories. The precision of 
test technique does not, of course, meas- 
ure that other important factor in 
concrete testing, interbatch precision, 
or the ability to manufacture and test 
successive batches in a manner such that 
successive results are uniform. Discus- 
sion of variations in interbatch precision 
is beyond the scope of this paper. 


4A.S.T.M 


Manual, loc. cil., p. 50, lists these under 
column do. 


Controlled Tests: 


Any series of observations whose 
fluctuations from the average follow 
those expected from the laws of prob- 
ability is said to be under statistical con- 
trol. For such a series, “if not more 
than 1 out of 35 successive points or not 
more than 2 out of 100 fall outside the 
+ 3o (three times the standard devia 
tion) control limits, a high degree of con 
trol may ordinarily be assumed for that 
period.’® If as many as 5 in a 100 fall 
outside the same limits, poor control is 
indicated.® 

Any observation falling outside the 

+ 3¢ control limits is called highly 
significant in that there are high odds 
(370:1) against its occurring by chance 
in a controlled test series, and, when it 
does occur, it is usually practical to 
determine the cause. If it lies, however, 
only outside the 20 limits (21:1), its 
variation is spoken of as being significant, 
and there is less likelihood of finding the 
cause. Smaller variations rarely are 
worth investigation. It is to be noted 
that the choice of these particular limits 
is purely conventional, their utility being 
based on practical experience. For this 
paper the coefficient of variation is used 
interchangeably with the standard 
deviation.’ 


Survey of Within-Batch Coefficients: 


An exploratory survey of the present 
precision of testing companion 6 by 12-in. 
cylinders is tabulated in Table I, the 
series being numbered consecutively 
The series, contributed by 20 different 
lJaboratories,* are arranged in_ three 
groups. ‘The first represents tests made 
by different operators and with different 


ALS.A. Z1.3-1942, Control Chart Method of Con 
trolling Quality during Production .(American War 
Standard). 

6 See A.S.T.M. Manual (loc. cit.), p. 27. 

7 There are objections to the general substitution of the 
coefficient of variation for the standard deviation, but 
these are not important for the purpose of the presen 
paper. 

’The variety of organizations represented may he 
noted in acknowledgments at the end of the paper. 
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mixes, the data coming from a single 
laboratory; the second, tests from differ- 
ent research laboratories; and the third, 
routine tests made in the field for job 
control. 

The precision coefficients for com- 
panion cylinders are shown in the third 
and fourth columns of Table I, expressed 
as standard deviations and coefficients 
of variation Vws. ‘To the latter has been 
added its own standard deviation® as a 
measure of its reliability. 

Column 6 gives the coefficient of vari- 
ation for cylinders coming from different 
batches Vzg for comparison with the 
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pendent causes. Column 7 gives the 
coefficients of variation of the strength 
of the batch means for each series. 

A comparison of these coefficients indi- 
cates that whereas the within-batch co- 
efficient has the low average value of 3.39 
per cent, with a limited range of values, 
the batch-to-batch coefficient for cylin- 
ders from different batches ranges from 
3 to 20 per cent, and the same is true of 
the interbatch and batch mean co- 
efficients. 

Evidently the strength of concrete 
from different batches fluctuates far 
more widely than do the strengths of 


8 
e '» Same Engineer in Charge 
Expected Value at 4300psi.Strength 
5 = Equiv. 3 Control Limit—3 \99 
L 
se +x = 4300 psi.— 5 
3 OF 10 20 30 Series No. 
Same Different Field Control 


Laboratory Laboratory 


Fic, 1,—Precision Indices for Compression Tests of Companion 6 by 12-in. Cylinders—V wz. 


within-batch coefficient. The difference 
between the two coefficients. measures 
interbatch variation Vjg,, or variation 
in the strengths of succeeding batches 
due to inadvertent changes in water- 
cement ratio, fineness of cement, curing 
conditions, etc., and its magnitude is 
tabulated in column 5. It will be noted 
that the subtraction is not arithmetic, 
but according to the formula Vz, = 
V Vos? — Vwe"’, the equation applicable 
for combining variations due to inde- 


* The standard deviation of a coefficient of variation 
determined from the ranges of m batches of m samples each 
is approximated by the formula 
Dg are given in Table I of the A.S.T.M. Manual (loc: 
cit.). 


where de 


companion cylinders, and the variations 
between the latter provide little indica- 
tion of the variation to be expected be- 
tween successive batches, though they 
are of the same mix, and may even be of 
laboratory manufacture. 

Column 8 provides an index of the 
constancy of the test technique over the 
periods covered by each test series by 
tabulating the number of ranges per 
hundred batches falling outside the 
+ 3e control limits. That most labo- 
ratories maintain constant technique 
is indicated. Series 6 and 7, covering 
tests over a 2- and 10-yr. period have 
only 0.6 and 0 ranges per hundred out- 
side the limits, and only 3 of the 21 
series surpass 5 per 100, the limit at 
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which lack of constancy of technique is 
indicated. 
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diagram), four additional series fall 
within the boundary lines. Small maxi- 


ss Mum aggregate size likewise is found to 


W ithin-Batch Coefficient Control Diagram: 


The within-batch coefficients for the 
series of Table I are plotted on a control 
diagram in Fig. 1, utilizing the arithmetic 
average of all series, 3.39 per cent,!° as 
its base. The 30 control limits vary 
with the number of tests contained in 
each series, the number being approxi- 
mately given by the ordinate at the right. 

No significance is discernible in the 
groupings shown. Apparently there is 


promote uniformity. The maximum ag- 
gregate of series Nos. 22 and 23 was 
3 in., and this factor may explain the 
low values of their coefficients. Uniform 
curing is essential to high precision; 
series Nos. 1 and 10 both were made in 
early years when uniformity of curing is 
open to doubt. Finally, technique of 
operators varies. The low coefficients 
found in series Nos. 3, 13, and 29 were all 
obtained by an operator whose test work 


x V 
5OF Dota from Fig.2(b) 4750psi. 3.8% x Lab.No.5 5340psi. 3./% 
*x Lab. No. § 4 950psi. 3.4% © Lab No./2 4640psi. 3.6% 
a 40F 4 Lab. No./0 3 330psi, 7.2% + Lab. Mo. 28 si. 28% 
4 Lab. No./ si. 5.7% 

(b) 
3 0 si) “we per cent (4000psi.) 
> 

& -30 -25 0 25 50 0 5 10 15 20 


Chonge in Strength, per cent 


Note :- Number of cylinders per 
plotted point =/25 


Ratio, Cylinder Diameter to 
Aggregate Diameter, C/A 


Fic. 2,—Per cent Change in Vw» versus Strength and Cylinder-Aggregate Diameter Ratio. 


an equal likelihood of obtaining a given 
precision for within-batch tests whether 
the series are made in a single laboratory, 
in different laboratories, or in the field. 
On the other hand, highly significant 
differences exist between the series, 14 
out of 31 being outside the control limits. 
For eleven of these, reasonable explana- 
tions are possible. Low coefficients are 
found to be associated with high average 
strengths, and correcting for variations 
in strength (the open circles on the 


© On some grounds, rather than an arithmetic average, 
an averaged weighted in accord with the square of the 
individual coefficients would be a more suitable average. 


has consistently indicated high precision 
and who rigidly followed specifications. 


Mopiryinc Facrors Arrectinc Co- 
EFFICIENTS OF VARIATION 

The high average precision with which 
tests on companion cylinders are made, 
the many factors causing variation which 
the coefficients reflect, the large number 
of tests required to detect significant 
differences between coefficients, their 
normal variation, and the usage to which 
they are put, make it impractical and 
unnecessary to give other than broad 


generalization of the factors which 
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modify their values. For discussion, 
coefficients applicable to about 4000-psi. 
concrete with 13-in. maximum aggregate, 
and tested in 6 by 12-in. cylinders, are 
taken as a standard. 


Coefficient versus Strength: 


Figure 2(a), with data from three 
laboratories," shows the relationship be- 
tween the within-batch coefficient and 
strength, each series being plotted as a 
percentage of its own mean. ‘The series 
from laboratory 5, a large field job, is 
particularly reliable, the sampling period 
extending over more than a year for 
each of two concretes of different 
strengths, but manufactured at the same 
plant. As a rough rule, the data show 
that a given percentage change in aver- 
age strength produces 60 per cent of that 
change in the value of the within-batch 
coefficient, but in the opposite sense. 
Tests on 2000-psi. concrete would, there- 
fore, be expected to have about a 30 per 
cent higher coefficient than 4000-psi 
concrete. 


Coefficient versus Ratio of Cylinder Diam- 
eler to Maximum Aggregate Diameter: 


Figure 2(b) shows the percentage 
change in the coefficient as a function 
of the cylinder diameter to the maximum 
aggregate diameter, more briefly re- 
ferred to as the cylinder-aggregate diam- 
eter ratio C/A. The data, Table II, 
are heterogeneous and include both 
series of 6 by 12-in. cylinders in which 
different size aggregate was placed, and 
cylinders of different diameters and ag- 
gregate sizes, the strengths in no case 
being uniform, so the authors only offer 
it as the best information which, at 
present, is available. The mean curve 
may be used for estimating the probable 
coefficient where tests are made on other 


4 The test data are referenced by a laboratory number, 
the same as the series numbers of Table 1, meaning that 
the same laboratory made both series of tests. 


than 1}-in. aggregate in 6-in. cylinders. 
The effect of the C/A ratio shown reflects 
not only the probable greater uniformity 
present in a cylinder whose diameter is 
large with respect to the diameter of 
the maximum aggregate, thus being 
statistically more homogeneous, but also 
TABLE Il.—WITHIN-BATCH COEFFICIENT RATIO 


OF CYLINDER VERSUS MAXIMUM AGGREGATE 
DIAMETERS. 


Number 
of 
a é _ | Batches 
2 = and 
& | & | Cvlin- 
| | | ders 
<s| E 5 £3 
No. 5 4 3.7 6X 12} 1% | 4925 1) 17 
3.3 6X%12| % | 5610 2| 8 
24 2.3 6X12; | 5475 1) 9 
Mean 3.1 5340 
No. 12 2.7| 4.4 | 8X 16) 3 4050 | 31} 3 
3 4.6 |18 X 36| 6 2846 14] 2 
| 4 3.8 6 X12} 1% | 4451 | 119) 3 
8 3.0 6 X 12 % | 4382 a 63 
16 3X6 | 7465 8} 3 
Mean 3.6 4640 | 
| } 
No. 28 4 3.0 6X12) 1% | 3330 | 87| 2 
3.4 6X 12} 1% | 4620 87) 2 
Mean 3.2 3980 
6 2.3 6 X12} 1 3580 64) 2 
6 2.7 6X12] 1 4670 | 64] 2 
Mean 2.5 4120 
Over-all 2.8 4050 
Mean | | 
No. 10 4 6.4 6X12) 1% | 2646 | 80) 2 
24 5.0 6X12 Y | 2830 80} 2 
Mean | 5.7 2740 | 


any effects due to strength and absolute 
area changes which normally are in 
volved in such test series. 

It has been suggested” that changes 
in the absolute area of the test cylinder 
should cause the coefficients to vary 
inversely with the diameter ratios of the 
cylinders, a 3-in. diameter cylinder hav- 

12 John Tucker, Jr., Discussion of Paper by S. P. Wing 
and A. Ruettgers, “‘Variations in Strengths of Portland 


Cements,” Proceedings, Am. Soc. Testing Mats., Vol. 43, 
p. 943 (1943). 
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ing twice the variability of a 6-in. cylin- 
der, on account of the effect of increased 
area in averaging out defects. That 
such effect exists was indicated in tests 
at laboratory No. 6. Tests of 3-in. 
aggregate in 3-in. cylinders and 1}-in. 
aggregate in 6-in. cylinders gave co- 
efficients of 4.8 + 0.3 per cent and 3.0 + 
0.2 per cent, respectively. The ratio 
of the two coefficients is 1.57, somewhat 
smaller than anticipated by this particu- 
lar theory. 
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Fic. 3.—Within-Batch Coefficient of Vari- 
ations versus Test Age. linia 


Coefficient versus Test Age: 

Figure 3 shows variations of within- 
batch coefficient for breaking ages of 
from 1 day to 1 yr. 

Two principal factors are involved. 
Since strength increased with age, other 
things being equal, in accord with the 
data just presented the coefficients 
should decrease. This is true for labora- 
tories Nos. 13 and 19 whose precision 
and control of testing were of a high 
order. Since it is more difficult to main- 
tain constant curing over a long period 
than over a short one, an increase in the 
coefficient with breaking age should or- 
dinarily be expected. Most series show 
an increase in the coefficient at breaks 
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that the greater variation in strengths 
usually found for 7-day tests for concrete 
from different batches is not due to ex- 
perimental difficulties, but represents 
real variations in the strength of the 
cylinders. 

Confirming information on the im- 
portance of uniform curing to low within- 
batch coefficients was provided by check — 
tests made on six of the test series of 
Table I. Duplicate companion cylin-— 
ders from the same batches were shipped — 
from the field laboratories for Govern- 
mental testing. An average increase of 
50 per cent of the within-batch coefficient 
resulted, presumably due to inequalities 
of curing present during shipment. 


later than seven days. This crsaths 


APPLICATION OF WITHIN-BATCH 
COEFFICIENT 


Fog-Room Control (Fig. 4): 


The determination of whether a differ- 
ence found between two series of tests is 
significant, or whether it is within the 
limits of experimental error, is an in- 
sistent question which continuously faces — 

a concrete technician. Knowledge of - 
the magnitude of the within-batch co- 
efficient often makes an answer possible. 

At laboratory No. 6, three cylinders 
were made weekly over a considerable 
period from batches of concrete made of. 
constant materials, water-cement ratio, 
and slump, to determine the precision of - 
concrete control. The three companion 
cylinders from each batch were cured in 
a 100 per cent fog room in sets on a shelf 
(Fig. 4(e)), along the north wall of the 
curing room, with the No. 1 cylinder 
always placed on the passageway and 
the No. 3 cylinder against the wall. 
The location of the sets was irregular, 
but they were always placed in one or 
another of the first eight positions at the 
right of the shelf. The fog spray entered 
as a high velocity jet at the left of the 
room about 4 ft. above the shelf, circu- 
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lation being maintained through the air 
conditioner at the right. A cursory ex- 
amination of sets of cylinder strengths 
suggested the No. 1 cylinders more often 
tested high than did the No. 3 cylinders. 
The difference between the average 
strength of 176 No. 1’s and 176 No. 3’s 
was 47 psi., at an average strength level 
of 3840 psi. The question was whether 
May 


-August, /94/ October 29, /94/ 


46 Batches in l6Weeks Batches in One Day 
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ara = 8.7 psi. From the 
A.S.T.M. Manual the average range of 
pairs of observations is 1.13 times the 
standard deviation with but one chance 
in 370 of getting a value either ap- 
proaching zero or as high as 3.69 times 
the standard deviation. Thus the ex- 
pected maximum difference between two 


deviation of 


December 3,194] 
/6 Batches in One Day 
(All Cylinders 
Randomized 4 Times) 


February 24,1944 
/6 Batches in One Day 
(Strict Technique : 
Non-Randomized) 


(a) b 
600 Equiv. Limit . ( (c) (d 
Ranges of Three R; = 53 psi. Vypg*0.74% 
‘2 600 
 'X=4260psi X=4/00psi X= 4200 psi _ 3A psi. per ft 
26001 Yau? 5.8 % Vem = 5.9% Van =/.8 Yo X=4320psi. 
Means of Three Yau =3.4 Yo 
No. 3 Cy/. 
+ Range and Mean of 3 Tests 
‘t Noted Faulty while Molding 


(e¢) Fog Room) 
(28-day Strength Survey, Jan. 1942) 


Fic. 4.—Investigation of Fog Room Control. 


= difference was real or a matter of 
chance. 

The within-batch coefficient for the 
series was 3.0 per cent or a standard 
deviation of 115 psi., this being the 
uncertainty with which the true strength 
of each batch was determined from a 
single test. The average of 176 observa- 
tions, each of which is uncertain by 115 
psi., is in itself uncertain with a standard 


—Air Conditioner 
F-Spray 67F. 


Spray 67 F. 


(e) Fog Survey 
< 
4030 psi 
Yam 6 Yo 


Tests of 6 by /2-in. Concrete Cylinders, 
w/c = 0.58, /4-in. Max. Aggregate 


| 
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TABLE IILl.—INVESTIGATION OF FOG ROOM CONTROL—STRENGTHS OF 6 BY 12-IN. CYLINDERS 


averages each of 176 cylinders is 8.7 X 
3.69 = 32 psi., on the assumption that 
the difference is purely a matter of 
chance. The actual difference, 47 psi. 
being larger than this, was thus found 
to be highly significant and was taken to 
indicate that strength development of 
the concrete cylinders was influenced by 
their location on the curing shelf. 

The finding that two cylinders cured 


66.7F. 77076. 
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12 in. apart had a strength difference of 
1.2 per cent suggested tests to determine 
what effect other locations had on 
strength development. As opportunity 
offered, over a 3-yr. period five series of 
tests were run, the data being given in 
Table III and plotted in Fig. 4. In 
series A, a part of the longer control 
series, 16 sets from batches made a week 
apart were placed on the curing shelf in 
the usual hit-or-miss fashion; the batches 
for each of the other series were all made 
in a single day. For series B, the sets 
were placed for cure on the shelf in the 
order of making, starting from the right. 
For series C, all cylinders were com- 
pletely randomized three times during 
the 28-day curing period; for series D, 
they were again cured in sets in the order 
in which they were made; and for series 
E, they were grouped in sets of two in 
different locations in the curing room. 
For series A, standard technique was 
used; for series B and C, the cement and 
aggregate were run through a splitter 
and divided into the 16 portions needed 
for the 16 batches. For series D, the 
technique of testing was improved, and 
the amount of fog supplied by the sprays 
was cut in half. Finally, series E, of 20 
batches, for which the original standard 
technique of molding and curing cylin- 
ders was used, was divided into 10 sets 
of two batches each, which were placed 
in different locations in the curing room 
(see plan). 

Control charts for both batch ranges 
and average strengths are shown at the 

op of Fig. 4, the 2¢ control limits 
ahi odds) being computed from the 

average range. The magnitude and 
pattern of the ranges for series A, B, 
and C appeared to be independent of 
the location of the sets of cylinders on 
the curing shelf and the technique of 
within-batch testing was well controlled, 
only one range in 48 being outside the 
2¢ limit. Great improvement in tech- 
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nique was shown in series D where with 
an expert operator and attention to 
detail, the average range was cut in 
fourth. The average range in strength 
of three cylinders was only 53 psi., 
equivalent to a coefficient of variation 
of 0.74 per cent, truly a remarkable 
precision. This may be compared to a 
value of 3.1 per cent the grand average 
of the 176 batch series. Elimination of 
all mold leakage, cylinder ends plane to 
within 0.003 in., reduction of free water 
in the fog sprays to an amount sufficient 
to maintain 100 humidity with a mini- 
mum of free-water precipitation on the 
cylinders, splitting the sand through a 
sampler, and a uniform technique are 
believed to be the principal factors 
contributing to this high precision. 

In contrast to the range control charts, 
those for averages of the different series 
show striking differences. Only in series 
C, in which all cylinders were randomized 
four times, were the averages kept within 
the prescribed control limits as deter- 
mined from the within-batch coefficient. 
Evidently causes of variations exist 
affecting the strengths of cylinders from 
different batches which are not present 
in tests of sets of cylinders from a single 
batch. For series A, where the sets 
from different batches were placed at 
irregular locations on the curing shelf, 
the variation of the averages is irregular. 
In series B and D, where the sets were 
placed and remained in regular order on 
the shelf, the variation is _ regular, 
strengths increasing to the right at a sig- 
nificant rate of about 50 psi. per foot of 
shelf. This may be compared with the 
47-psi. variation per foot previously 
found between the No. 1 and No. 3 
cylinders. 

Finally the plan of Fig. 4 shows 
strength contours for the curing room 
drawn from the tests of series E, each of 
the blocked figures representing the 
average strength of six randomized 
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cylinders. The contours indicate an 8.0 
per cent range in strength across the 
room. These same cylinders show a 
highly significant correlation between 
specific gravity and strength, the latter 
increasing 82 psi. per 0.01 unit increase 
in specific gravity, equivalent to a 68-psi. 
increase in strength for each 0.10-lb. 
increase in the actual weight of a 
cylinder. Since sets completely cured in 
water showed the highest strength, 4290 
psi., and the highest specific gravity, a 
reasonable hypothesis is that the differ- 
ences in specific gravity were caused by 
differences in absorbed water, which in 
turn varied with the amount of fog pre- 
cipitated as water on the cylinders while 
curing. Differences in the wetness of 
the surfaces of cylinders were readily 
noticeable. 

For randomized series C, the average 
gain in weight per cylinder by direct 
measurement during curing was 0.17 + 
0.007 lb. When the amount of spray 
was reduced in series D, the average gain 
fell to 0.04 + 0.007 lb., but the No. 1 
cylinders averaged 0.08 Ib. more than 
the No. 3 cylinders. Since series E 
showed 68 psi. strength gain per 0.10 lb. 
weight increase, these two independent 
determinations may be combined to 
give an expected strength difference be- 
tween No. 1 and No. 3 cylinders of 54 
psi. This compares with the 47 psi. 
measured from averages of 176 sets. 
Summary of Curing Room Tests: 

The following tabulation gives the 


various coefficients of variation for these 
curing room tests: 


Coefficients of Variation from Curing 


Room Tests, per cent 
Series | Series | Series | Series | Series 
A B Cc D 4 
Vwg 3.1 3.1 3.1 | 0.74 2.9 
Vip 5.5 5.6 0 3.40 3.0 
V Bp 6.3 6.4 3.1 | 3.50 | 4.4 
Veye+ | 5.8 5.9 1.8 | 3.40 | 3.6 


* One cylinder per batch 
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A comparison of the within-batch oc- _ 
efficient Vws with the computed inter- 


batch coefficient Viz indicates that, even 
in laboratory work, difficulties in making 
successive batches identical are such as 
to introduce strength differences "ng 
tween batches as large or larger than 7 
those which exist between cylinders from 3 
the same batch.” Variation in the — 
amount of water available for absorption 
at different locations in the curing room 

is found to be a major cause of such vari- | 
ation. This was shown by the zero 
value of the interbatch coefficient in. 
series C where the cylinders were ran- 
domized while curing and was supported | 
by data on variations in weight gain 
while curing. Other sources of inter-. 
batch variation were variations in ce- 
ment and fine sand grading witnessed by 
the low values of the batch-to-batch co- 
efficients, Vzz, obtained in series C, D, 
and E, where materials were propor- 
tioned by a splitter. 


Specifications and Coefficients of Vari- 
ation: 


Specification and practice at present 
do not appear to recognize adequately © 
the distinctions between the variation — 
coefficients. A.S.T.M. Standard Method 
of Test for Compressive Strength of 
Concrete (C 39-42)," paragraph 17, 
states, “Three to five test specimens 
should be made on different days in 
investigations in which accurate com- 
parisons are desired.” Since, however, 
studies of curing, capping, effect of 
strength of cylinder size, tamping, cor- 
rosive waters, etc., can all be made by 


13 Report of Subcommittee VII on Strength: Report on 
“Cooperative Tests of Portland Cements by 
Forty-Seven Laboratories,” Proceedings, Am. Soc. Testing 
Mats., Vol. 28, Part I, p. 261 (1928). Reports on data 
which yield coefficients of variation for sets of 6 by 12 
cylinders taken from identical batches of concrete made on 
different days by a given laboratory with the same cement 
of Vgp = 8.2 per cent, which may be compared with the 
average within-batch coefficient of Vyrg = 3.4 per cent 


of the present pa 


** Means of three cylinders per batch. 1942 Book of AS.T.M. Standards, Part II, p. 391. 
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treating cylinders from the same batch 
differently, and since for this arrange- 
ment of tests the precision of testing is 
higher than it is if the cylinders come 
from different batches, the above speci-— 
fication clause appears to need modi- 
fication. 

A.S.T.M. Tentative Specifications for 
Ready-Mixed Concrete (C 94 — 43 T)® 
implies that a strength test shall be 
the average of three cylinders made from 
a composite sample of concrete taken 
from a single batch, but if one cylinder 
shows manifest evidence of improper 
sampling, molding, or testing, its test 
strength is to be excluded from the 
average. Considering the last clause 
first, the only method the authors know 
by which the results from such a cylinder 
can be excluded legitimately from the 
average without the possibility of argu- 
ment, and assuming that prior to the 
break the record run sheets do not carry 
notes evidencing suspected faults," is by 
reference to within-batch coefficients as 
determined on the job. Using the value 
3.4 per cent as given by this paper as 
typical, a range of strength from three 
cylinders greater than 15 per cent (4.4 
X 3.4 = 15 per cent) of the job strength 
is outside the 30 control limits and 
could be accepted as presumptive evi- 
dence that one of the cylinders of the 
test was defective. 

Considering the first clause, the small 
variation of companion cylinders made 
from a composite sample (within-batch 
coefficient), as compared to the much 
larger variation of the strengths of suc- 
cessive batches (interbatch coefficient), 
makes the requirement for tests of three 
companion cylinders uneconomical and 
_ of doubtful utility. The following tabu- 

lation illustrates the negligible increase 
in precisions gained by testing two rather 
than a single cylinder per batch, and 


15 1943 eee to Book of A.S.T.M. Standards, 
art II, p. 105. 
6 This type of note applied to Batch 14, Fig. 4(d). 


the advantages of testing a greater num- 
ber of batches, using data drawn from 
both the laboratory and the field. 


Research 


Laboratory Field Control 
Coefficients, Coefficients, 


per cent per cent 
Given Data 
V wp Within-batch coefficient. +3.0 +2.5 
Interbatch coefficient...... 4.0 5.5 


RESULTANT UNCERTAINTY AS TO PROBABLE AVERAG 
STRENGTH OF CONCRETE AFTER MAKING TESTS 


Test of single batch with 1 


cylinder... 5.0 6.1 
Test of single batch with 2 

cylinders 4.5 5.8 
Test of two batches with 1 cyl- 

3.5 4.3 


It can be seen that doubling the num- 
ber of tests per batch increased the pre- 
cision by but 7 per cent; on the other 
hand, by doubling the number of batches 
tested by single cylinders, the precision 
was increased by 30 per cent. Most 
field concrete tests have greater inter- 
batch variation than shown in the above 
tabulation, so the advantages of testing 
more batches with single cylinders each 
is greater than that indicated. 

Finally data from actual test records 
of two field jobs should be convincing as 
to the negligible benefit derived through 
testing batches in duplicate. Six cards, 
each containing companion cylinder 
strengths, were chosen at random from a 
3-week record period, a part of that of 
test series No. 29 of Table I. The 
average strength of the six No. 1 and 
six No. 2 companion cylinders proved to 
be identical, 2402 psi. Twelve cards 
sampled from a 2-month record gave 
strength averages of 2404 and 2406 psi.; 
from 29 cards over a 6-month record, the 
values were 2174 and 2184 psi. On 
another job, from 10 cards representing 
batches made within a 2-day interval, 
the averages were 6256 and 6239 psi. 
While the differences in these sets of 
averages are less than could be expected 
from most jobs, the precision of within- 
batch testing being above average, it is 
thought that if readers make similar 
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computations from their own records, 
they will find the differences of these 
averages surprisingly small. However it 
must be remembered that close agree- 
ment of average strengths of sets of 
companion cylinders is no _ indication 
whatever of the differences to be expected 
between pairs of averages made up of 
cylinders from different batches, even 
though the batches come from the same 
record period. In all of the above exam- 
ples, the interbatch variation during the 
chosen record periods was of the order 
of 10 per cent. With interbatch varia- 
tion of this magnitude, the expected dif- 
ference in averages of sets of cylinders 
from different batches is expected to be 
measured in hundreds of pounds. 


Economic Considerations: 


Concrete research is costly and the 
val.:> of high precision in such work is 
not always realized. The relative num- 
ber of cylinders required to reach a speci- 
fied precision varies as to the square of 
the coefficient of variation. The average 
laboratory makes “within batch” tests 
with a precision given by a coefficient of 
variation of 3.4 per cent. If it can im- 
prove its technique to the 2 per cent level 
which this survey indicates is normally 
being attained by some operators, it can 
reduce the number of cylinders needed 
for a given test program by two thirds, 
for the researches for which within-batch 
cylinders are suitable. 

Field control in this country has 
yearly required the testing by companion 


cylinders of many thousands of batches 


oF CONCRETE 
of concrete. Since the cost of sampling, © 
testing, and computing results from 6 by 
12-in. test cylinders may be placed at — 
$4.00 for a pair, and at $2.50 if but one — 
cylinder is tested, a change of specifica- 
tions to permit the use of but one cylin- 
der per batch sampled has the possibility 
of saving many thousands of dollars to 
the concrete industry annually, with 
little loss in precision. Alternatively, by - 
changing the specifications to require 
that the number of cylinders tested 
should remain the same as at present but 
that each should come from different 
batches, a material increase in precision 
may be obtained at no increase in cost. 


CYLINDERS 
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DISCUSSION 


~ Mr. H. W. Leavitt! anp Mr. H. A. 
Pratt! (by letter)—Once again the en- 
gineers at the Denver Laboratory have 
presented a classic in the field of concrete 
data analysis. Concrete technicians 
have long awaited basic data and pre- 
cision indices (standard deviations, and 
coefficients of variation) to use in sizing 
up the accuracy and the predictive value 
of their own particular projects. They 
individually want to know whether their 
particular performance is good or bad. 
The amount of work required to comb 
out all of the relationships involved in a 
large mass of data on concrete cylinders 
is incomprehensible to anyone who has 
not actually made such a statistical 
study. In order for indices to be of high 
value, however, they must be derived 
from an adequate population (number of 
test results). Even the casual reader of 
this paper will be impressed by the quan- 
tity of data (6027 cylinders) upon which 
this study was based. 
Former studies in this field have been 
generally limited to smaller (mortar) 
specimens. Reference to Table II of 
the writers’ 1939 paper? will show that 
the values of v (coefficient of variation) 
for “Variation Among All Individuals” 
were found to be always appreciably 
larger than 7 for “Variation Within Daily 
Batches.” The same relationship is in- 
dicated in Table III of this same paper. 
Messrs. Wing, Price, and Douglass have 
= established a similar relationship for 
1Secretary and Assistant Engineer, respectively, 
Maine Technology Experiment Station, University of 
Maine, Orono, Me. 

2 H.W. Leavitt and H. A. Pratt, “Statistical Analysis 
of Compression Tests on Mortar Cylinders, Cubes, and 


Prisms,’’ Proceedings, Am. Soc. Testing Mats., Vol. 39, 
p. 851 (1939). 


concrete cylinders. This is shown by 
the values of the several coefficients of 
variation given in Table I. It will be 
seen that in every case cited (except two) 
the values of Vw, are substantially less 
than the corresponding values for Vj», 
Vis, and Vgy. The averages of these 
coefficients are available for comparison 
with the individual data of other con- 
crete technicians. For example, the 
Maine Technology Experiment Station 
has obtained, on a small number of 
batches, a Vw, = 7.5, which is compara- 
tively bad when placed beside the 
authors’ value of Vy, = 3.4. This isa 
disappointing but stimulating compari- 
son. Evidently much improvement is 
possible in our laboratory and we await 
with great interest the presentation of 
the results of other laboratories. 

Statistical material presented in papers 
of this character will provide valuable 
indices to be studied and incorporated in 
future symposiums on the significance of 
tests of concrete and concrete aggregates. 
The sampling of concrete in the future 
may well be guided by the principles set 
forth by the authors of this paper. 


Mr. Durr A. (by leéter). 
This paper is the latest in a series that 
has one thing in common—variation in 
tests of concrete made by the U. S. 
Bureau of Reclamation. Earlier papers 
and discussions are listed in Table 1. 
Attention is called to two features: 

Discussions before the American Con- 
crete Institute that were dropped by 


3 Consulting Engineer, New York, N. Y. 


852 


U 

be 

te 

Or 

T 

of 

19 

us 

tu 

cy 

inc 

tio 

or 

cal 

fol 

nes 

pre 

est. 

val 

‘Spl 

tim 

I 

pre 

tha 

sou 

not 

the 

rev: 

cret 

thre 

edit 

A 

Sigr 

A 

mix 

dro 

was 

“M; 

T 

mixe 


_ DISCUSSION ON COMPRESSION TESTS OF CONCRETE CYLINDERS 853 


U.S.B.R. writers in 1939 were resumed 
before the A.S.T.M. in 1943. 

The U.S.B.R. has been represented by 
ten different authors. 

The writer’s first discussion of a paper 
on “Mixer Efficiency or Mortar-Mix 
Tests,” by O. G. Patch, in the Journal 
of the American Concrete Institute, June 
1939, commented on the unique method 
used in computing mixer efficiency from 
two mortar samples or three concrete 
cylinders at Grand Coulee Dam: 


“There are well-recognized methods of 
indicating the variation of a set of observa- 
tions, such as mean variation, probable error 
or standard deviation. The author dis- 
carded all these for a method which has the 
following novel features: 

“(a) No balancing of positive against 
negative errors, 

“(b) The middle value (nearest to the 
proper one) is given no weight, except to 
establish a sequence, 

“(c) No use was made of the average 
value, 

‘““(d) What is termed ‘variation’ should be 
‘spread,’ 

“(e) The spread appears to be 3 to 10 
times the mean variation... .” 


Both Mr. Patch and Arthur Ruettgers 
presented vigorous arguments te show 
that their method of computation was 
sound, but the writer’s method would 
not work. Someone must have decided 
there were usable ideas here for the next 
revised edition of the U.S.B.R. ‘Con- 
crete Manual,” January, 1941, contained 
three innovations as compared with the 
editions of 1936, 1938, 1939: 

A 16-page essay on ap resentation and 
Significance of Test Data,” 

An “alternate” method of computing 
mixer efficiency, the usual prelude to 
dropping a method. (The Patch test 
was entirely dropped before the 1942 
“Manual” appeared.) 

The alternate method of handling 
mixer test data was that suggested by 


the writer (but without acknowledg- 
ment). 

Experience thus far enables one to 
recognize the “formula” developed by 


TABLE 1.—PAPERS AND DISCUSSIONS ON 
VARIATION OF U.S.B.R. TESTS OF 


CONCRETE. 
Refer- 
ae Paper or Discussion 


| — Date 
Num- | Published 
ber 


PUBLISHED in Journal ov AMERICAN CONCRETE 


INSTITUTE 
ee Paper by O. G. Patch, ‘Mixer| 
Efficiency or Mortar-Mix} 
Tests” | Jan. 1939 
b Discussion by Duff A. Abrams. | June 1939 
2a.....| Rebuttals by Patch and Arthur, 
Ruettgers. ...| June 1939 
b.....| Second discussion by Abrams. ...| Sept. 1939 
oe Closure by Patch... Sept. 1939 
4a | Paper by Blanks, Vidal, Price and} 
Russell, ‘The Properties of| 
| _ Concrete eae | April 1940 
b | Discussion submitted by Abrams.) Not 


lished 


IN A. S. Proceedings 


5a Paper by S. P. Wing and Arthur! 
Ruettgers, ‘Variations in| 
Strength of Portland Cements! 


Conforming to the Same Speci-' 
fications and the Relation of 
Such Variations to Concrete 
Control”... .| 1943, p. 917 


S..3 Discussion by Abrams..... | 1943, p. 946 


6a....., Closure by Wing and Ruettgers..| 1943, p. 969 

| 

7a Paper by S. P.Wing, Valens 

and R. E. Kennedy, ‘Simpli- 

fied Test for Evaluating the, J 
Effectiveness of Concrete Mix- 


ers” | 1943, p. 1001 
b Discussion by Abrams. .| 1943, p. 1014 
8a < by Wi and Ken-, 


nedy ‘ 1943, p. 1058 


the U.S.B.R. for 
writer’s criticisms: 
(a) Ignore criticisms, or reject them as 
“irrelevant and inaccurate or unreason- 
able statements,” 
(b) Make a few special tests, > 
(c) Choose a new group of authors, 
(d) Publish a new paper under a 
different title, covering the same topics; 
restate the original claims, withhold 


dealing with the 


pertinent data, do not mention previ- 
ously ignored or rejected criticisms, 
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(e) Surreptitiously adopt the ignored 
or rejected criticisms. 

The present paper follows the formula 
exactly through step (d). Specifically it 
is an attempt to refute certain conclu- 
sions in the writer’s discussions of two 
A.S.T.M. papers of 1943. In a discus- 
sion of Wing and Ruettgers’ paper it was 
pointed out that: 


“The value v = 5.5 per cent was the with- 
in-batch error and 7.5 per cent the all-test 
error of carefully made laboratory tests of 
concrete, 

“The absurdly low coefficients of varia- 
tion of field tests of concrete, 2.9 per cent, 
resulted from twinning of the duplicate tests 
at Grand Coulee Dam, 

“A proper evaluation of test errors will 
make it necessary to discard most of the con- 
clusions stated by the authors.” 


The writer’s discussion of Wing, Jones, 
and Kennedy’s paper showed that from 
the standpoint of variations, many of the 
conclusions on concrete mixers were not 

supported by the tests. 


SUMMARY AND CONCLUSIONS 


1. Many of the principal series of the 
paper were “selected.”. Forty-two U. 
S.B.R. series that were omitted from the 
paper are listed; most of those on which 
we have information gave coefficients of 
variation higher than the average of the 
paper. 

2. What the authors report as within- 
batch variation are only the slight dif- 
ferences found in a composite sample 
from which variation had already been 
eliminated. The only U.S.B.R. tests 
known to show within-batch variations 
were omitted from the paper. They 
gave a variance for laboratory tests 3 
times and for job tests 10} times that 
reported in the paper. 

3. After rejecting 3 tests, series 3, by 
an operator famous for low variations, 
was used as representative of “20 widely 


g 


distributed” ‘representative research 
and field laboratories.” 

4. The within-batch coefficient of 
series 3 (or D), the only one in Table I 
for which data were given, was 0.74 per 
cent. This “truly remarkable preci- 
sion” was attributed to “improved tech- 
nique and attention to detail.” It was, 
in fact, due to “twinning” of tests. 
When partly corrected for ‘‘twinning,” 
the coefficient became 3.7 per cent. As 
variance this is (3.7/0.74)? = 25 times 
that given in the paper. 

5. The authors point to the A.S.T.M. 
Manual on Presentation of Data as their 
authority on statistics, but many of its 
teachings were disregarded. Unscientific 
sampling of concrete places many of the 
data in the paper outside the range of 
statistical methods. 

6. The writer disagrees with the 
authors’ recommendations on number of 
strength tests in the inspection of ready- 
mixed concrete. 

7. The “fog-room survey” contradicts 
every conclusion drawn from it by the 
authors. 

8. The effects that the authors at- 
tributed to size of aggregate should have 
been charged to strength of concrete. 

9, The authors appear to have at- 
tempted to gerrymander discussions to 
exclude consideration of all-tests varia- 
tions, although the paper gave data on, 
and repeatedly considered, this subject. 

10. The paper confirmed relations 
pointed out by the writer last year and 
furnished the basis of a more complete 
strength-variation law: 


“The coefficient of variation of concrete 
cylinders tested at 28 days increases as a 
logarithmic function of the number of tests, 
and for a given number of tests, varies in- 
versely as the strength of the concrete.” 


11. Selection of series, tests made on 
composite samples of concrete (from 
which variation had already been elim- 
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inated) and “twinning” of strengths in 
cylinder tests, make the conclusions of 
the paper, without exception, unwar- 
ranted and misleading. 

The authors are requested to furnish 
missing data on mixing and sampling of 
the concrete, on twinning of tests, and on 
tests rejected in the 30 series in Table I. 
TESTS 


PAPER BASED ON SELECTED 


In a discussion of Wing and Ruettgers’ 
paper (Proc. 1943, p. 1014) the writer 
characterized as “absurdly low” a with- 
in-batch coefficient of 2.9 per cent ob- 
tained at Grand Coulee Dam during 
July 1937. Six U.S.B.R. laboratory se- 
ries were cited that gave average coef- 
ficients: 


Based on 2 tests............ = 5.5 per cent 
Based on all tests........... = 7.3 per cent 


Messrs. Wing and Ruettgers at- 
tempted to refute the writer’s conclusion 
by discrediting the U.S.B.R. data on 
which it was based. This paper restates 
essentially the same “absurdly low” 
figure: 


“Representative research and field lab- 
oratories are found to mold and test com- 
panion 6 by 12-in. concrete cylinders... 
with a precision equivalent to a coefficient 
of variation of 3.4 per cent.” 


A little study showed that the low 
values were due to: 

1. Selection of test series, 

2. Reporting composite-sample varia- 
tion as “within-batch” variation, 

3. “Twinning” of strengths in cylinder 
tests. 

Evidences of the “ 
will be given first. 

(a) Concrete literature is filled with 
series that were not used in Table I, but 
here we consider only U.S.B.R. tests that 
were omitted. A search of a few min- 
utes through papers and reports that 
happened to be at hand enabled the 
writer to compile the accompanying 
Table 2, which lists 42 U.S.B.R. series, 


selection of series” 


TABLE 2.—CONCRETE TESTS BY U.S.B.R. 
OMITTED FROM TABLE I. 


Refers to Table I of paper by Wing, Price and Doug- 
lass. See notes for authority for tests, etc. 


Ref Variation, 
| per cent 
ence | o |oS 
ber? |S 
DENVER RESEARCH LABORATORY 
1 140; 5900; 6.0 Vibrated 
2...| 64/5800! 8.1 Hand rodded 
3 484000} 5.0 | 8.0 Boulder Dam aggregates 
4 27|3300| 6.7 | 6.9 | Boulder Dam aggregates 
5 12/4200} 6.4 | 7.0 | Parker Dam aggregates 
6 72|3300) 4.8 Friant Dam aggregates 
7 81/4200) 5.5 Bartlett Dam aggregates 
8...| 284300) 4.8 ... | Seminoe Dam aggregates 
9...) 231/4140) ... 5.8 
Avg 5.91 69 


Controt Tests 


10. ..|1058)5720) ... 
1935 to June 1936 
11...| 134/5395} ....| 11.5 | GCD, 1937 
12...| 170|5372| 2.9%) 7.2 | GCD, July 1937 
13-29... .|3000|5500| ... GCD; other months 
July 1936 to Dec. 1937 


Grand Coulee Dam, Dec. 


30. . .|4600) 4150} ... | 12.5 | Dam 1, 1938-1940 

= 133! 4300} ... | 12.7 | Dam 4, 1937-1939 : 

32...) 503)3645 13.9 | Dam 4, 1937-1941 

33... 4000) 3160) ... | 18.2 | Dam 2, 1940-1942 

34...| 1922700} ... | 17.5 | Dam 3, 1940-1941 

35...| 255/2560) ... | 19.4 | Dam 3, 1940-1941 

36...) 39]4200) ... 8.3 | Medium size dam 

37 13/4170) ... 8.7 | Concrete lining 

38...| 21/4340) ..._| 12.6 | Small structures 

39...| 46|3740, 3.6" 10.9 | Dam B, 1939, mixed 1% 
min. 

40...| 46/3925] 2.5% 9.1 | Dam B, 1939, mixed 214 
min. 

oe ; 9.6°| Dam A, dry mix, 1 min. 

42. | 18}. _ | 3.1%} Dam A. dry mix, 3 min. 


a “Hoover Dam Concrete Research . 

F. Blanks, U.S.B.R. Technical “hey 

— randum 296, June 1, 1932. 

S.B.R. Tech. Memo. 371, 193 

S.B “Concrete Manual, "1942. Tests 

1932. 

S.B.R. Tech. Memo. 509, 1935. 

S.B.R. Report on laboratory investigations 

of +" Jam Aggregates, 1936. 

S.B.R. Tech. Memo. 557, 1936. 

S.B.R. Tech. Memo. 576, 1936. 

uthors’ Closure to discussion of paper by 

Wing and Ruettgers, Proceedings, Am. Soc. 

Testing Mats., Vol. 43, p. 978 (1943 ). 

“Special Cements for Mass Concrete,” by 

. L. Savage, 1936, p. 182. 

“Mixer Efficiency or Mortar-Mix Tests,’”’ by 
O. G. Patch, Journal of American Con- 
crete Institute; 1939. 

12 = Discussion by Mr. Patch, Jl. ACI, June 1939. 

See complete schedule "of these tests, Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 43, p. 
954 (1943). 

13-29 = Test results have not been published. In 
considering each month as a separate test 
series of about 180 cylinders, the writer fol- 
lowed the precedent set by U.S.B.R 
writers. 

30-35 = Authors’ Closure to discussion of paper by 
Wing and Ruettgers, Proceedings, Am. Soc 
Testing Mats., Vol. 43, p. 978 (1943). 

36-38 = U.S.B.R. “Concrete Manual, *” 1942, p. 195. 

39-40 = Authors’ Closure to discussions of peor Bs by 
Wi ing, Jones and Kennedy, Proceedings 

oc. Section Mats., Vol. 43, p. 1048 OTe 

41-42 = Same as 39-40, p. 1039. 

> It is shown in the text that these low coefficients ac- 

companied excessive “‘twinning”’ of strengths in the cylin- 

der tests. 

© The coefficients given are for variations in water- 

cement ratio in 4-yd. batch determined from 18 samples. 

The variations in strength would be about double those 

shown. Note that this was for the “dry mix.’ 
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none of which appears in Table I of the 
paper. These 42 omitted series com- 
prise twice the number of tests that were 
recorded in Table I of the paper. Only 
two of these series, on which we have 
definite information, gave ‘‘within- 
batch” coefficients as low as the average 
3.39 per cent of Table I. The average 
within-batch coefficient in the 8 research 
laboratory series that were omitted was 
5.9 per cent. As variance this is (5.9/ 
3.39)? = 3 times the average of 3.39 per 
cent given in the paper. 

(b) The writer’s discussion of Wing 
and Ruettgers’ paper (1943 A.S.T.M. 
Proceedings, p. 953) commented on the 
peculiar partiality of U.S.B.R. writers 
for the tests at Grand Coulee Dam, July 
1937, and showed that the absurdly low 
“within-batch” variation (2.9 per cent) 
resulted from “twinning” of cylinder 
strengths. 

In the tests at Grand Coulee we can 
trace 11 different steps in the various 
“selections” by U.S.B.R. writers. Con- 
creting began in December 1935. In 
his original paper Mr. Patch used 134 
cylinder strengths for September 1937. 
Step 1. These tests were made after the 
adoption of a new method of sampling, 
concerning which there has been consid- 
erable mystery. Step 2. September is 
likely to have the smallest weather varia- 
tion. Step 3. The tests represented the 
twentieth monthof continuous experience 
of the crews on this job, and (Step 4) it 
was the last month on this contract in 
which weather conditions were conducive 
to uniform strengths. Step 5. It ap- 
pears that Mr. Patch omitted about 40 
cylinders made in September. Silep 6. 
When the writer commented on the 70 
per cent spread, Mr. Patch dropped 
these tests, but gave strengths of 170 
cylinders of July 1937 with 50 per cent 
spread. Step 7. It appears that his 
tabulation omitted 16 cylinders. Step 
8 Wing and Ruettgers, wishing to 
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illustrate typical concrete variation in 
their paper last year, selected the same 
series of tests out of hundreds of monthly 
series at their command, but (Step 9) 
out of 85 batches reported by Patch, 
they used 34, omitting the highest 
strengths and reported a spread of 39 
per cent. Step /0. The writer’s com- 
ments on this method of handling these 
tests were ignored by Messrs. Wing and 
Ruettgers. Step 11. Grand Coulee Dam 
tests for July or September 1937 were 
not used in the present paper. 

(c) Table III included five series of 
tests, but only series D was used in 
Table I, where it became series 3. This 
series was “selected” on four counts: 
(1) The authors did not find series A, 
B, C, or E satisfactory, but after reading 
the writer’s discussion of Wing and 
Ruettgers’ paper they engaged an expert 
operator, with an established reputation 
for low variations, to make series D. 
(2) After series D was found to show a 
much lower variation than the other 
series, it was used as the sole representa 
tive of this investigation in Table I. 
(3) Series D was not used “‘as is,” but 
batch 14 was discarded after testing. 
(4) Series D showed the highest per- 
centage of “‘twinning” that has ever come 
to the writer’s attention. 

(d) Series 13 and 29 were made by 
this expert operator. To call his work 
“representative” misrepresents the fact 
as stated in the paper. It was not even 
representative of this carefully con- 
trolled research laboratory investigation. 

(e) Series 7 was used twice, giving a 
fictitious total. 

(f) Actual within-batch variation of 
ten series of U.S.B.R. tests not used by 
the authors gave a variance for laboratory 
tests three times and for job tests 10} 
times that shown by the average co- 
efficient of 3.39 per cent in the paper. 

(g) Pertinent information concerning 
the tests in Table I was omitted—type 
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of aggregates, type and size of mixers, 
size of batch, time of mixing, method of 
sampling. Such factors may have ex- 
erted a significant influence on the choice 
of these series. 


PAPER Dip Not Give WIirtTHIN-BaATcH 
VARIATION 

The term ‘‘within-batch’”’ was used 
throughout the text; and tables and 
figures gave ‘‘within-batch coefficients 
of variation.” The expression ‘“com- 
panion cylinders” is frequently used 
with the same significance. On first 
reading the paper, the writer was greatly 
puzzled to explain how such low within- 
batch coefficients (average 3.39 per cent) 
could be obtained. Of course he recalled 
also his criticisms of the ‘‘absurdly low” 
value of 2.9 per cent shown by tests of 
68 batches of concrete at Grand Coulee 
Dam for the month of July, 1937. 
Much later he discovered in an obscure 
place near the end of the text that the 
authors had reported companion tests 
from a single composite sample as a meas- 
ure of within-batch variation in concrete 
strength: 


“Considering the first clause, the small 
variation of companion cylinders made from 
a composite sample (within-batch- coeffi- 
cient), as compared to the much larger varia- 
tion of the strengths of successive batches 
(interbatch coefficient), makes the require- 
ment for tests ‘of three companion cylinders 
uneconomical and of doubtful utility.” 


Each of the last four editions of the 
U.S.B.R. “Concrete Manual” (1938, 
1939, 1941, 1942) required that: 

‘... small quantities of concrete shall be 


taken from several points and mixed.” 


The 1936 “‘Manual”’ was even more ex- 
plicit as to the sample: 


“It is not a quantity of material collected 
at random from a larger mass, but it is a 
systematic collection of bits, which, when 
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assembled will contain a correct proportion 
of each ingredient and be representative of 
the larger mass.”’ 


Of course, two cylinders from a composite 
sample of concrete cannot by any 
stretch of the imagination give within- 
batch variation. 

The whole theory and practice of 
statistics in all of its phases is based on 
the primary axiom of random samples. 
The U.S.B.R. method of sampling con- 
crete takes exactly the opposite stand 
and expressly prohibits tests on random 
samples, and denies the whole principle 
of random sampling. Concrete tests 
made under this method of sampling are 
not amenable to statistical treatment. 

The paper uses ‘‘within-batch” dozens 
of times. In no single instance is there 
any hint as to the size of batch, nor is 
there a single instance where we can be 
sure that we have a measure of within- 
batch variation. Of the U. S. B. R. 
papers and reports familiar to the writer, 
only 10 series of tests are known to give 
within-batch variation. Of these three 
things may be said: 

1. All but two gave much higher varia- 
tions than the average in the paper. 

2. One of the exceptions was mixed 
longer than usual, and both series that 
gave the lowest coefficients showed ex- 
cessive “twinning,” 

3. None of these series was used in the 
paper. 

The missing tests are described briefly : 

(a) Eight series of tests made by the 
Denver research laboratory of the U.S. 
B.R. are listed in the accompanying 
Table 2 (Nos. 1 to 8). These carefully- 
controlled research tests gave average 
within-batch coefficient of 5.9 per cent. 

(b) In two series of tests in the 
authors’ closure to Wing and Ruettgers’ 
paper (1943 A.S.T.M. Proceedings, p. 
1039) water-cement ratios were deter- 
mined on 18 samples from a 4-yd. batch 
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after mixing 1 min.; and another set 


after 3 min.; these gave: 


9.6 per cent 


Mixing time, 1 min... 
3.1 per cent 


Mixing time, 3 min. shear 


This shows the importance of time of 
mixing. For 2 min., a usual time for 
this size of mixer, v would be about 53 
per cent. Water-cement ratio appears 
as an exponent in the strength formula, 
hence the strength coefficient will be 
about 11 per cent. 

U.S.B.R. writers frequently use vari- 
ance (proportional to the square of the 
coefficient of variation) as a measure of 
variation. In terms of variance, the 
above tests may be rated: 

8 laboratory series 
( 5.9/3.39)? = 3 


2 job series 
(11.0/3.39)* = 10} times that in paper 


times that in paper 


It is probable that most of the field 
control tests of the paper were made on 
composite samples, as required by the 
U.S.B.R. “Manual.” ‘Table I contains 
an undisclosed number of U.S.B.R. tests; 
all of which would follow the “Manual” 
method of sampling that has been in ef- 
fect for 8 yr. or more. Other labora- 
tories may have been influenced by the 
sampling methods of the “Manual.” 
Coefficients based on such samples are 
no proper measure of within-batch varia- 

tion; they measure only the slight dif- 
ferences i in duplicate tests on concrete from 
which variation has already been elim- 
inated. 
TWINNING OF STRENGTHS IN CYLINDER 
TESTS 
7 The authors’ attack on the writer’s 
conclusions has two prongs: 
1. Attempts to show that low within- 


batch coefficients, similar to that at 
Grand Coulee Dam in 1937, were found 


4 by “20 widely distributed” “representa- 
tive research and field laboratories,” 

_ 2. Suggests that the high coefficients 

found in earlier tests by U.S.B.R. 
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laboratories were due to fog-room trou- 
bles. 

The writer attributed the “absurdly 
low” value at Grand Coulee Dam to the 
“twinning” of duplicate tests from a 
batch. By twinning was meant the 
securing of successive cylinder strengths 
that were so close together as to make it 
apparent that other factors than mere 
chance were controlling the results. 

Errors of Loading Concrete Cylinders.— 
To form the basis of a discussion of twin- 
ning, it is necessary to examine some of 
the errors inherent in loading 6 by 12-in. 
cylinders. This study is confined largely 
to Table III; other data used by the 
authors are concealed in calculated co- 
efficients. All tests in Table III were 
made of the same materials and mixes, 
under the same essential conditions; it 
was, in fact, a single investigation. The 
cylinders are entered in the accompany- 
ing Table 3 except for ten lower than 
3810 and eight higher than 4600 psi. 
The table shows a distinct bunching of 
tests. Of the 228 tests checked, 116, or 
51 per cent fall on strengths correspond- 
ing to round thousands of pounds on the 
testing machine (cross-section of 6-in. 
cylinder, 28.3 sq. in.); 70, or 31 per cent 
fell on even thousands on the machine; 

140, or 61 per cent, were computed to 
fall on even 10 psi. unit stress. 

Of course, these percentages are much 
too high to be normal. There are 7 
intervals between even thousands on the 
machine, hence a normal distribution is 
14 per cent. Fifteen cylinders were re- 
corded to fail at 4240, none at 4250 psi. 
Departures from normal are summarized: 


Fou nd 
Normal | in Ac- 
Fre- com- 
quency, panying 
per | Table 
cent 3, per 
| cent 


£ On Testing Machine 


Round thousands of pounds....| 28 
Even thousands of pounds..... . 14 


51 
31 
61 


4600 
Highe 
Total 


a 
Ave: 


1 
! 

4( 
40 
40 
40 
40 
40) 
411 
41 
41 
41. 
41 
41. 
41 
418 
41° 
42 
421 
422 
423 
424 
425 
426 
427 
428 
429 
4301 
431 
4321 
4334 
434( 
435( 
437( 
4380 
4390 
4400 
4410 
4420 
4430 
4440 
4450 
4460 
4470 
4480 
4490 
4500 
4510 
4520 
4530 
4540 
4550 
4560 
4570 
4580 
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ou- 7. TABLE 3.—CHECK LIST OF CYLINDER STRENGTHS IN TABLE IIE. 

Each “¥” indicates one cylinder of the strength shown in Column 1. Series given in the order in which they were made. 
Strength, Series A Series Series C Series E Serie is 
the Lower Vv | vv 
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The computer exhibited a notable par- 
tiality for strengths ending in 40 psi.; 
there were 38 tests ending in 40 psi.; 
this is 17 per cent. Only 11 tests were 
recorded at loads ending in 50 psi.; or 


DISCUSSION ON COMPRESSION TESTS OF CONCRETE ietanaie 


An error of 2000 lb. in reading and 
computing the load makes a difference 
of 71 psi. in the cylinder strength. In 
view of what has been said, it is seen that 
each cylinder strength is subject to an 


5 per cent. Normal for both, 10 per error of about + 33 psi., due solely to 
cent. loading operations. Therefore, in order 
TABLE 4.—“TWINNING” OF TESTS IN SERIES A, B, C, E, D. . 


Data from Table III of paper by Wing, Price and Douglass. 


; Series given in order of making. 
Three differences are given (psi.): 
a, between cylinders 1 and 2 in a batch, 
b, between cylinders 2 and 3 in a batch, 


‘ between cyl. 3 of a batch and cyl. 1 of next batch. re? 
The first value under series identification in the column headings is the year made; the second value is average 28-day 


strength. 
Series A Series B Series C Series E Series D 
1941 1941 1942 1944 
Batch 4280 psi 4100 psi. 4200 psi. 4030 psi. | 4280 psi 
a b c a b | c a b | c a b | «¢ | @ b | ¢ 
oo | 180 | so | 160 | 200 | 80 | 160 | 80 | 140 30| 150 
320 | 250 | 430 | 70 | 110 | 230 | 110 | 120 | 260 | 30 0 | 280 60 | 190 
No. 3 360 | 90 | 550 10 | 70 170 | 240 | 40 | 210 | 230 | 170 | 420 0 20] 120 
a Rs eo 20 0 160 70 120 0 | 420 ; 60 | 80 370 140 | 190 20 0 210 
120 90 0 | 20 120 | 690; 60 | 240 | 40 | 80 | 210} 160 70} 110 
See 120 20 |; 40 | 290 260 530 , 180 100 | 340 70 | 70! 190 40 0 60 
40 40 | 670 | 140 | 280 | 30 | 360 | 120 | 200 | 120 | 210 | 40 10; 20 
No. 8.......... 230 | 230 | 570 30 | 110 | 260 | 160 | 180 | 260 | 180 | 120 | 130 0 0} 60 
oy ee 160 90 340 120 | 190 | 300 110 | 200 230 40 | 70 | 90 40 0 0 
S Baa 280 280 120 390 400 | 310 80 | 140 70 0 200 460 40 100 | 170 
70 | 380 | 110 | 70 | 60 | 300 | 100 | 170 | 220 | 320 | 20 | 190 | 150 40) 220 
280 | 100 | 270 | 240 | 310 | 410; 70) 10 | 40 | 160 | 280 80, 310 
140 | 120 | 390 | 120) 240 | 70 | 7! 30| 99 | 30| 50) 9 380 
Ss aes 180 40 | 160 | 40 |. 2 210 | 240 | 20! 200 | 250 | 210 | 170 40 20 | 780 
8 rere 160 70 340 | 40 | ~30 | 120 | 220 | 170 90 170 | 210 | 400 40 0 40 
No. 16 130 | 150 | 2600 | 110 210 | 80 250) 0! 40 0 201 
No. 18.......... | | 160 | 60 | 
— - — — — —- —- 
Avg. ........ 148 | 123 | 291 123 173 | 243 174 | 134 | 155 | 150 | 111 | 192 | 26 | 188 
| | | 
2:5 | 6.0 2.7 | 3.7 | 5.2 | 3.7 | 2.8 3.3 | 3.3 | 2.4 3.9 
1 s| 2} si 2] 3] o| 2 3| 4 3 “| 3 
| | | | 
6 31 13.31 13 2, 13} 20) 22; 2% | 18, 88| 2 


*v = Coefficients of variation (within- batch and inter-batch) computed from average differences as in paper. 


e = Number of differences of 40 psi., 
f = Same as ¢, as a percentage- 


measure of * 

If Table 3 is turned 90 deg. to the left, 
the check lists become frequency-dis- 
tribution diagrams and show the bunch- 
ing of tests. 

What we have said shows errors in- 
herent in loading these cylinders, over 
and above variations due to characteris- 
tics of materials, proportioning, mixing, 
molding, curing, capping. We see three 
tendencies: (1) to “‘reach’”’ for total loads 
in even thousands, (2) to record loads in 
round thousands, (3) to compute 
strengths to even 10 psi. 


or less, ina column. 
‘twinning.’ 


to indicate real differences in the quality 
of concrete changes in strength must be 
over 33 psi. The next value that would 
be recorded is 40 psi. A difference of 40 
psi. or less in successive cylinders is im- 
mediately suspect, since it is not likely 
due to chance. This creates much skep- 
ticism concerning ‘within-batch stand- 
ard deviations” of 32, 45, 53 psi. 


Table I, and in the small (and zero) co- 
efficients given by Table III. 

Another valid argument for using 40 
psi. as a criterion, is that it represents a 
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strength difference of less than 1 per 
cent. It is well recognized that refine- 
ments below 1 per cent are seldom 
realized in any single phase of concrete 
work. Differences below 1 per cent are 
in general out-of-bounds. Securing a 
‘‘precision index” below 1 per cent as the 
combined effect of 25 variables that enter 
into the making and testing of concrete 
approaches the miraculous. 

We shall now present evidences of 
twinning of tests in the paper, with some 
references to other U.S.B.R. tests that 
were omitted. 
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within-batch differences (a plus 0}) in 
each series is shown below in the third 
column, and as a percentage in the 
fourth column: 


Coefficient of 
Differences of Variation, ¢, 
40 psi. or Less | er cont 
Series Date | 

Per |Within-| All- 

Number Cent | Batch | Tests 

1941 2 6 | 3a 3.1 

1941 6 19 3.1 6.3 
1941 7 | 6.4 

1942 9 25 2.9 4.4 

D. 1944 26 0.74 3.1 

Partly corrected for twinning *........ 3. 6.5 


Within-Baich Twinning Below 40 psi. 
-In the accompanying Table 4 are given 
three differences for tests in Table IIT: 
(a) Between cylinders 1 and 2 in a 
batch 
(6) between cylinders 2 and 3 in a 
batch 
(c) between cylinder three in a batch 
and cylinder 1 in next batch 
The average differences were used also 
to compute coefficients of variation by 
the method described in the paper. At 
the bottom of the table is given the 
number of differences of 40 psi. or less, 
also the same expressed as a percentage 


of the number of tests. The sum of the 


Me. 1.—Coefficient of Variation of Concrete Corrected for Twinning of Tests. 
Data from Table 4, based on Table ITT of paper by Wing, Price, and Douglass. 
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All series show “twinning” of suc- 
cessive tests; it was 6 per cent in series 
C (1941, randomized in fog room) and 81 
per cent in series D (1944, expert opera- 
tor). Twinning showed a_ pronounced 
increase after 1941, and was reflected in 
the coefficients of variation. It was so 
pronounced in series A, B, E, and D as to 
throw suspicion on many of the “within- 
batch” coefficients in the paper. In 
series D a within-batch difference of zero 
was reported seven times, or 22 per cent 
of possible cases. This is incredible 
from the standpoint of chance, since each 
cylinder is subject to an error of + 33 
psi. due to loading alone. It is ap- 
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parent that no credence can be placed in 
the coefficient 0.74 per cent of series D 
(series 3 in Table I of the paper). 

The paper gave a formula that states 
a criterion of twinning of tests in a little 
different form: 


“*.. the average range of pairs of observa- 
tions is 1.13 times the standard deviation 
with but one chance in 370 of getting a value 
of either approaching zero or as high as 3.69 
times the standard deviation.” 


40 psi. “approaches zero” for all in- 
fluences except loading. It would be 
unusual to find 1 difference of 40 psi., or 
less, in an entire investigation of 246 
cylinders, but instead we have 50 cases. — 
On the other hand we find no instance of - 
a or b differences as high as 3.69 times 
the standard deviation. This is con- 
clusive proof that low deviations were 
not by chance. 

If any one objects to 40 psi. as a cri- 
terion of twinning, it may be pointed out 
that if 30 psi., or 20 psi. had been used, 
the conclusions would have been exactly 
the same. 

Corrections for Twinning.—In the ac- 
companying Fig. 1 the percentage of 
twinning is plotted against the coefficient 
of variation in the paper. The points 
for within-batch and batch-to-batch co- 
efficients can be represented by parallel 
straight lines. In drawing the upper 
curve no weight was given to series C, 
since it showed an unusual property in 
that the within-batch and all-tests coeffi- 
cients were the same (3.1 per cent). We 
note here two peculiarities: (a) In series 
C, randomizing three or four times in fog 
room did not reduce within-batch co- 
efficient, but reduced inter-batch varia- 
tion to zero. (b) Inseries D the influence 
of the expert operator extended only to 
the within-batch coefficient which was 
reduced almost to zero. This eliminates 


the last claim of the operator who made 
series D to be an expert. 


We show 


series. The zero ordinate represents 
cylinders tested under identical condi- 
tions but with no within-batch twinning 
indicated by differences of 40 psi. or less. 
Each 25 per cent'of twinning lowered the 
coefficients about 1 per cent, that is 
from, say, 6 per cent to 5 per cent. The 
coefficients for series D (series 3 in Table 
I) as given in the paper, and after cor- 
recting for within-batch twinning are. 


Coefficient of Varia- 
tion, v, per cent 


Within- |Batch-to- 
Batch | Batch 


0.74 | 3.31¢ 
3.7 | 6.5 


@ Elsewhere in paper this is 3.5 per cent. 


Subtractions are geometric; for exam- 
ple, (6.5° — 3.312)) = 5.6 per cent. 

It was stated in the preceding section: 
“both series that gave the lowest coeffi- 
cients showed excessive twinning.” 
This referred to series 39 and 40 of Table 
2, tests by the U.S.B.R. on Dam B, 1939, 
Using 40 psi., or less, as a criterion, these 
series gave: 


Within Batch, 
per cent 
Series Number (Table 2) 


Twin- Coeffi- 


ning cient 

39 Dam B, mixed 14% min......... 22 3.6 
4 Dam B, mixed 24% min.......... 44 34 
12 Grand Coulee Dam............. 18 2.9 


For comparison figures for Grand Coulee 
tests, July 1937, are given. It should be 
noted that all the above tests are entirely 
independent of those in Table III on 
which Fig. 1 was based, and were made 
2 to 4 yr. earlier, yet they agree almost 


below that the authors were in error in 
computing a zero inter-batch coefficient 
for series C. 

The accompanying Fig. 1 shows the 
unmistakable dependence of the coeffi- 
cients on twinning of tests in these five 
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exactly with the indications of Fig. 1, 
which for 28 per cent twinning gives a 
within-batch coefficient of 2.7 per cent as 
compared with 3.0 per cent, the average 
of the three series above. Twinning is 
probably the underlying cause of many 
low coefficients. 

Progressive Twinning.—Heretofore a 
and 6b differences in Table 4 were con- 
sidered together. Here they are consid- 
ered separately: 


Within-Batch Coefficient, 
per cent 
Series 

a Differ-| b Differ-| Ratio 
ences | ences a/b 
Avg., Series A, C, E, D....... 1.38 


Series B showed insignificant twinning 
and is omitted from average. In the 
other series the second pair of cylinders 
showed twinning of 24 to 57 per cent 
more than the first pair; average 38 per 
cent more. Each of series C, E, and D, 
showed a growth in this respect over the 
preceding. 

The same tendency was shown: above 
in series 39 and 40, Table 2. Here the 
authors were endeavoring to show the 
merits of mixing 25 as compared with 13 
min. The coefficient was reduced from 
3.6 to 2.5 per cent, but this accompanied 
increased twinning from 22 to 44 per cent. 

W ithin-Batch Twinning Above 40 psi.— 
40 psi. was used as a criterion of twin- 
ning, and corrections for this type were 
given. It cannot be assumed that this 
corrects for all types of twinning. The 
frequent recurrence of certain large a and 
b differences indicates that there was 
twinning above 40 psi. It is impossible 
to determine the exact amount of twin- 
hing above 40 psi., or to make a separate 
correction for it. 
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Inter-Batch Twinning is indicated to 
some extent in Table 4. Using the c 
differences of 40 psi. or less as the 
criterion: 


— 


Series Twinning, per cent 


If this twinning has the same effect as 
the within-batch type, the all-tests co- 
efficients in the accompanying Table 6 
should be increased by about 1 per cent. 

Inter-Series Twinning. The follow- 
ing figures indicate the tendency to carry 
twinning from series to series: 


Series A, B, C, 1941-2, grand average.......... 4190 psi 
Series D, 1944, first cylinder................... 4190 psi. 


Series E was not included in this com- 
parison since it was cured in a special 
manner in securing information in the 
fog-room survey. In series D “the 
technique of testing was improved” along 
lines that were not emphasized in the 
paper. 

Ceiling on Cylinder Strengths.—Table 
3 indicates still another strange ten- 
dency that was particularly notable in 
series D. The tester apparently at- 
tempted to maintain a ceiling at 4340 psi. 
In the first 33 tests this ceiling was bro- 
ken through only twice; meantime 4340 
psi. (or 4350) had been recorded 8 times, 
or 24 per cent of all tests. Some of these 
tests should have been distributed at 
higher strengths up to 4540 psi. This 
would, of course, increase all coefficients 
of variation in this series. 

Other Correclions—It would be in- 
teresting to determine when and where 
twinning first entered into U.S.B.R. con- 
crete tests, but this would lead us too far 
afield. It was noted in the tests at 
Grand Coulee Dam, July 1937, where 18 
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per cent twinning was found. The 
? Denver research laboratory showed de- 
cided twinning in series B, 1941, and up 
to 88 per cent in series D, 1944. During 
1932-1936, the Denver tests were com- 
paratively free from twinning. 

It was seen above that, when corrected 
for twinning below 40 psi., the tests in 
) the five series in Table III gave an av- 

erage within-batch coefficient of 3.7 per 

cent. This is subject to further correc- 
tions for other twinning and for the 
effects of composite samples. Older U.S. 
B.R. tests (1932-1936) gave a within- 
batch coefficient of 5.9 per cent and all- 
tests variation of 6.9 per cent. Approxi- 
mate corrections for other types of 
twinning, plus the effect of composite 
samples can then be made: 


Coefficient of Varia- 
tion, v, per cent 
Tests 


Within- | 
Batch | All-Tests 


U.S.B.R. tests, 8 series, 1932-1936. | 6.9 


5.9 
Table III, corrected for twinning 
4 below 40 psi., as in Fig. 1........ 3.7 6.5 
4.6 


In making all-tests corrections, no at- 
] tempt was made to take account of small 

differences in the number of tests in- 
volved. 

Here again the correction to the with- 
 in-batch coefficient is higher than the 
average, 3.39 per cent, reported in the 
_ paper. These corrections are based on 

the assumption that the older U.S.B.R. 
tests gave substantially the correct 
variations. 

Summary on Twinning. 

may be summarized: 

1. Later tests for which we now have 
‘ detailed data, exhibit the same type of 
twinning that was noted by the writer 
last year in the tests made by the U.S. 
B.R. at Grand Coulee Dam, July 1937. 
In all series for which we have data, 


This study 


DISCUSSION ON COMPRESSION T 


ESTS OF CONCRETE CYLINDERS 


within-batch coefficients of less than 
43 per cent are shown to be accompanied 
by excessive twinning of strengths. 

2. Except for series C, tests in Table 
III showed twinning to increase progres- 
sively from about 20 per cent in 1941 to 
88 per cent in 1944. 

3. All essential differences between the 
five series in Table III can be attributed 
to twinning of tests. 

4. The correction to within-batch co- 
efficient due to twinning for series D 
(expert operator, in a carefully-controlled 
research laboratory) was larger than the 
average coefficient reported in the paper 
for “20 widely distributed” ‘“‘representa- 
tive research and field laboratories.” 

5. The within-batch coefficient of 
series D, after partly correcting for 
twinning, was 3.7 per cent. As variance 
this is (3.7/0.74)* = 25 times that re- 
ported by the authors. 

6. The “remarkable precision” in 
series D was due to “twinning of tests, 
rather than to “improved technique” and 
‘‘attention to detail” by an expert opera- 
tor, as stated in the paper. 

7. Twinning of strengths in the only 
investigation for which test data were 
given makes it necessary to discount all 
coefficients, and makes it probable that 
all conclusions stated in the paper are 
unwarranted and misleading. 

When 8 U.S.B.R. laboratory series 
1932-1936 show an average within-batch 
coefficient of variation of 5.9 per cent, 
and carefully-controlled laboratory tests, 
made 8 yr. later by an expert operator, 
give a within-batch coefficient of 3.7 per 
cent, after partly correcting for twinning, 
it confirms the writer’s conclusion of last 
year that 2.9 per cent for field tests at 
Grand Coulee Dam was “absurdly low.” 

In view of the importance of twinning, 
the authors’ closure should include the 
percentages of twinning in each of the 
30 series. 
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Foc-Room STRENGTH SURVEY 


It is difficult to guess the purpose of a 
fog-room survey in this paper, unless it 
was, aS surmised above, to create the 
impression (without saying so) that 
earlier U.S.B.R. laboratory tests of con- 
crete were extremely variable on account 
of fog-room troubles that came to light 
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to size, shape, insulation, equipment and 
operation. No claim was made that this 
survey has any general application. 

The authors place much weight on 
“the amount of fog”; this topic is dis- 
cussed four times. Apparently they are 
unfamiliar with the past researches of 


their Bureau. One of the first things 


TABLE 5.—FOG ROOM STRENGTH SURVEY 
Data from Table III of paper by Wing, Price and Douglass. Series Cc was made December 1941; Series E, January 1942. 
Coefficient 
Cylinder 28-day Cylinder Strengths, psi. a tion of 
Number | « Batch 
Averages, 
v, per cent 
Series C, RANDOMIZED THREE OR g Fou R TIMES ON SHELF 
Batch | No. 1 | Ne. 2 2 | No.3 | No.4 | No.5 | No.6 | No.7 | No.8 Avg. 
3 ‘4200 | 4050 | 4110 | 4260 | 4000 | 4120 | 4220 | 4360 
2 .| 4400 | 4170 4070 4320 4240 4220 4100 4180 
..; 4240 | 4280 4310 3900 4180 4040 4460 4020 
Avg.. 4280 4170 4160 4160 4140 4130 4260 4190 poset ae 
Batch . No. 9 No. 10 | No. 11 | No. 12 No. 13| No. 14 No. 15 | No. 16 
3....| 4410 | 4240 4380 4160 4000 4190 4340 4300 
i 4210 | 4100 4210 | 4090 4240 | 4210 4170 4220 
1 4100 | 4180 4310 | 4160 4170 3970 4390 4430 
Avg....| 4240 | 4170 4300 | 4140 4140 4120 4300 | 4320 
Series E, ARRANGED AS CuRED ON Foc Room SHELF 
Batch . | No.8| No.7 | No. 6 | No. 5 No. 4| No. 3| No.2| No.1 
3. 4190 | 4170 3890 | 4050 | 3730 3820 | 3940 4050 3980 
3960 | (3820 3840 3870 3990 3940 4130 | 3980 
1....| 4130 4080 3890 | 3920 4240 4220 3910 4290 | 4090 . 
Avg. | 4210 | 4070 3870 | 3949 3950 4010 3930 | 4190 402 3.9 
Ses RIES Cc CureD ELSEWHES RE IN Foc Room 
Batch..... No. 9! No. 10 | No. 11 | No. 12 | No. 13 | No. 14 | No. 15 | Ne. No. 17 | No. 18 | Avg. | 
Bia 4170 “4060 4220 | 4150 | “3990 3980 3770 3920 3850 3990 | 4010 | 
4100 | 4260 | 4200 | 3999 3960 4190 3980 3920 | 3820 4050 | 4050 
$.. 4060 4260 4520 4030 3870 3940 3810 | 4170 3960 | 3890 | 4050 
Avg...) 4110 | 4190 | 4310 | 4060 | 3940 | 4040 | 3850 | 4000 | 3880 | 3980 | 4040 | 3.6 
n 1942, but now that this difficulty has settled was fog-room control. Let us 


been recognized and removed, tests are 


much more 


concordant. 


This 


would 


dispose of the 5.5 per cent coefficient of 


variation pointed out by the writer 


a 


year ago, make more plausible the 3.39 
per cent in the paper, and partly account 
for the “truly remarkable precision” in 


‘tries D, 


1944. 


Probably no two fog rooms are alike as 


place the exhibits in a columns: 


1932 1942 


the amount al fon sup 
plied to the sprays was cut 
in half. 

. reduction of free water 
in the fog sprays to an 
amount sufficient to main- 
tain 100 per cent relative 
humidity with a minimum 
of free-water 
on the cylinders . 


‘are ideal with 100 
cent relative humidi ity 
without excess mois- 
ture 


; 
© 
| 
q 
: 
‘if 
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The 1932 statement is from ‘Hoover 
Dam Concrete Research...” by R. F. 
Blanks, Tech. Memo. 296. The more 
complete statement was: 


“Complete automatically controlled air 
conditioning systems for all rooms have now 
been installed, and curing conditions are 
ideal with 100 per cent relative humidity 
without excess moisture and 70 F. tempera- 
ture being maintained at all times. The 
equipment includes refrigeration, washers, 
electrical heaters and compressed air atom- 
izers all of which are automatically con- 
trolled with compressed air controllers.” 


The remedy of 1942 was exactly the 
solution of the same problem by the same 
Bureau which 10 yr. earlier, according to 
the report of Mr. Blanks, resulted in 
“ideal” conditions. 

The “survey” of the paper was based 
principally on series E; it was a serious 
oversight that the authors failed to give 
more attention to series C, made a month 
earlier. In Table 5 (third group) the 24 
cylinders of series E are arranged as they 
were fixed on the fog-room shelf during 
the entire curing period, wall at top. 
(Figure 4 shows “16 sets of 3”; a note 
following Table III states that eight sets 
were on the shelf.) The ten batches in 
series E (last group) that were cured 
elsewhere in the fog room are given, and 
all of series C, ‘‘randomized”’ on the shelf 
three or four times (statements conflict). 
For comparison, series C is tabulated in 
two parts. 

Series E shows a difference between 
the average strengths of cylinders 1 and 
2 on the shelf of 110 psi.; this forms the 
basis of the contours in Fig. 3; but in 
series C, where randomizing tended to 
make all rows alike, there is a difference 
between two sections of the same row of 80, 
and up to 70 psi. between rows. 

In Fig. 4 batch 8 occupied the position 
of lowest strength (3900 psi.), but it had 
the highest strength of any batch on the 


. 
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shelf (4210 psi.). The authors drew 
strength contours between individual 
cylinders on the shelf. To depend on 
individual tests for such a conclusion is 
hazardous. One can just as readily draw 
similar contours among the randomized 
cylinders of series C in the accompanying 
Table 5, but the authors would, no doubt, 
object to this as an absurd procedure. 

If there was any significant difference 
in the various locations in the fog room, 
it is odd that the two divisions of series 
FE gave more nearly the same average 
strengths (4020 and 4040 psi.) than the 
two divisions of randomized series C 
(4180 and 4210 psi.). 

One other comparison is made of tests 
in series E (Table 5): 


All Tests, 
Batches Tests Cured 9, per cent 
9, 10 6 2.4 
Ht, 12 6 Randomized in 4.7 
13, 14 6 apenas 2.9 
15, 16 6 sd 5.1 
17, 18 6 2.3 
1to8 | 24 | Fixed on shelf 2.9 


The average strength of the shelf 
cylinders was almost exactly the same 
as the randomized; the above table shows 
that the coefficient of variation of the 
shelf cylinders was less than the average 
of those randomized elsewhere in the fog 
room. 

Every factor that was considered 
above shows that the shelf truly repre- 
sented the other parts of the fog room, 
and, as the U. S. B. R. research showed 
in 1932, gave “ideal” curing conditions. 

If the foregoing is not enough, com- 
pare the coefficients of variation of the 
two parts of series E (Table 5): 

All tests, 24 cyl. fixed on shelf v = 2.9 per cent 
Interbatch, avg. of 5 sets of 6 

cyl. randomized elsewhere in 

v = 2.8 per cent 


It was shown above that after partly 
correcting for twinning, series E exhib- 
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ited characteristics no different from 
other series; on the contrary, it blended 
perfectly into the general investigation. 

This study, with the aid of elementary 
statistics, failed to reveal any measurable 
differences in variation of the cylinders: 
(a) fixed on the shelf, (6) randomized on 
shelf, (c) randomized elsewhere in fog 
room, and shows no basis whatever for 
the strength contours in Fig. 4 of the 
paper. The tests in series € and E con- 
tradict every conclusion drawn from 
them by the authors. 


STATISTICAL METHODS 


In discussing Wing and Ruettgers’ 
paper last year, the writer stated: 


“A proper evaluation of test errors will 
make it necessary to discard most of the con- 
clusions stated by the authors. 

“The paper presents an erroneous picture 
of the cement for dam 2, due to an improper 
use of statistical methods.” 

The authors answered: 


“Mr. Abrams’ criticism of the use of 


statistical methods in analyzing the varia- 
tions in cement and concrete for dam No. 2, 
on the ground that the test data are not 
homogeneous, is entirely out of line with the 
authors’ interpretation of the ASTM Man- 
ual, their principal guide.” (1943 Proceed- 
ings, A.S.T.M., p. 976). 


The authors’ closure to the discussion 
of Wing, Jones, and Kennedy’s paper a 
year ago, after cataloging half-a-dozen 
of the writer’s most pointed criticisms, 
answered them all thus: 


“Statements such as the foregoing indicate 
the authors should not have relied so much 
on the reader’s familiarity with the A.S.T.M. 
Manual for explanation of their basic 
concepts.” (1943 Proceedings, A.S.T.M., 
p. 1041). 


Instead of giving data and engineering 
arguments, preceding U.S.B.R. authors 
merely pointed to the A.S.T.M. ‘‘Manual 
on Presentation of Data” as their answer 
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to many of the writer’s criticisms. The 
present authors refer several times to the 
“Manual” for statistical methods. The 
following discussion shows how their 
practices compare with their authority. 

Data Must Be Good.—The entire 
methodology of modern statistics is based 
on the theory that the only way to learn 
the properties of an unknown “universe” 
is by selecting samples which are sub- 
jected to appropriate measurements or 
tests. This makes it obvious that the 


validity of each subsequent step hinges 


on the samples taken. It serves no use- 
ful purpose to strive for great refinement 
in testing technique and in mathematical 
analysis, if the samples are faulty. All 
works on statistics insist on a first re- 
quirement that the samples must be taken 
at random. In contrast, the paper took 
the opposite position ; the principal series 
were not random, but “‘selected’’; the 
studies were carried out on samples from 


a new and fictitious “universe” from 
which the only thing then being studied 


(variation) had been deliberately elim- 
inated. 

Maximum V arialion.—The word vari- 
ation occurs 50 times in the paper; 49 
usages are in the sense commonly ac- 
cepted in statistics; the one exception is 
this conclusion in the synopsis: 


“It is shown that, even in such a room, 
curing at different locations may cause maxi- 
mum strength variations of the order of 8 
per cent.” 


But the text states with reference to the 
same tests in Fig. 4: 


“The contours indicate an 8.0 per cent 
range in strength across the room.” 


A.S.T.M. “Manual” defines ‘“maxi- 
mum deviation” as the maximum dif- 
ference between any single value and 
the average of a set. Both the ‘“Man- 
ual” and the paper use deviation and 
variation as synonyms. Maximum de- 


ts 
| 


viation (variation) is 4 the range, or 
more. It is not clear what the authors 
meant to say, but the first quoted state- 
ment differs from the second by more 
than 100 percent. The discussion above 
throws grave doubt on all conclusions of 
the paper based on the “Fog Room 
Strength Survey.” 

Zero Coefficients of Variation.—The 
writer has for 40 yr. maintained a nod- 
ding acquaintance with statistical litera- 
ture as applied to structural materials, 
but he does not recall an instance of zero 
variation, until this paper showed zero 
variation of three cylinders in a batch; 
and in the same series the authors also 
found: 


zero value of the interbatch coeffi- 
cient in series C where the cylinders were 
randomized while curing... .” 


The zero variation in the batch was due 
to twinning. ‘Table 4 shows the above 
quotation to be erroneous in that series 
C actually had inter-batch » = 3.9 per 
cent, computed by the method used in 
the paper. 
“Precision Index’’ is used in the paper 
to characterize the coefficient of variation 
of concrete. This term does not appear 
in the A.S.T.M. “Manual.” The values 
in the preceding and earlier paragraphs 
show that there is nothing “precise” 
about the coefficients calculated by the 
authors. The authors state that: 


“Corrections have been applied in the 
present paper, and, although the results 
should strictly be called ‘estimated standard 
deviations,’ the adjective is dropped.” 


But dropping the adjective did not in- 
crease the precision of the estimate. A 
precise estimate is a contradiction of 
terms. Correction factors are quite 
arbitrary ; styles change frequently. Co- 
efficients may vary 50 per cent, or more, 
depending entirely on whose corrections 
are used. Concrete-making is not a 
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precise art; statistics is not a precise 
science. The estimated coefficients do 
not become more precise because they 
are expressed to three or four significant 
figures, as in the paper. Even if the 
tests were free of all peculiarities that 
have been pointed out, there would be 
no justification for calling the coefficients 
“precision indices.”’ 

Variation of a Single Test.—The 
authors computed coefficients of varia- 
tion of a “test of single batch with one 
cylinder,” as 5.0 and 6.1 per cent. If 
they had made the computations they 
would have found that the coefficient of 
variation of one test is always zero. 

A single test has no standing in “the 
science of large numbers”; none of the 
concepts or devices of statistics apply to 
it. He who accepts one test as repre- 
senting a universe, does so at his own 
peril; statistics gives him no estimate of 
its significance. 

Rejecting Tests of Expert Operator. 
The “Manual” makes no provision for 
rejecting tests. To reject tests because 
the results do not agree with the precon- 
ceived notions of the tester is to abandon 
all the teachings of the “‘Manual.” 

The authors tell us: ‘Series D was by 
expert operator who followed specifica- 
tions rigidly,” but they immediately re- 
jected three tests in batch 14 and explain: 
“noted faulty while molding.” The 
authors cannot have it both ways. 
Faulty specimens would be surprising 
for an expert operator, but no one could 
seriously object if this batch had been 
rejected and another substituted. Evi- 
dently those then in charge accepted and 
intended to use batch 14; else an addi- 
tional batch would have been molded. 
Having given these cylinders their place 
in the series for 28 days, it was too late 
to reject them after they tested 500 psi. 
below the average. In the accompany- 
ing Table 6, batch 14 was restored to 
series D and gave average strength 4280 
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psi. and all-tests variation of 4.5 per cent. 

Attention is called also to the remark- 
able performance of this operator who 
manufactured three faulty cylinders that 
agreed as shown by 3800, 3760, 3780 psi. 
This gives v = 0.66 per cent, or lower 
than the 15 batches that were offered as 
evidence of his expert work. If this 
operator was expert as claimed, it is odd 


that he is the only one whose tests were 


rejected. 


TABLE 6.—COEFFICIENT OF VARIATION 
INCREASES WITH NUMBER OF 
CONCRETE TESTS 
Data from Table III of paper by Wing, Price and Doug- 
ass 
Based on 28-day compression tests of 6 by 12-in. cylin- 
ders molded in sets of three from a batch. 
Series arranged in order of making. 
Coefficients of variation corrected for number of tests. 


Series 


First Cylinder 


First 3 
First 6 
First 9 
First 15 
First 24 
First 36 
48 Tests 


AVERAGE 28-DAY COMPRESSIVE STRENGTH, PSI. 


.| 4560] 4590| 4440! 4480| 4320! 4340| 4350| 4280 

3610} 3690] 3750) 3800) 3870] 4000) 4010) 4100 
4240} 4280) 4220) 4200) 4180) 4190) 4199) 4200 
4290) 4160) 4040) 4030) 3940) 4010} 4080! 40304 
..| 4190} 4200] 4140) 4180) 4210) 4240 4280) 4280 


—| — —— 
Avg... | 4180) wal a 4120) 4160) 4100, 4160) 4180 4180 


COEFFICIENT OF VARIATION, PER CENT 


{ ! 
[4.8144] 5.7] 6.1 
B.. | 3.4} 4.1 | 3.9 | 4.0} 6.0} 5.3 | 6.4 
|... | 2.2 | 2:9 | 2.9| 3:2 | 3:3 | 3.0| 3:0 
3.8 | 4.0] 5.4] 4.2) 4.1 | 4.0" 
|... | 0.5 | 2.0 | 2.2 | 2.6 | 2.2 | 2.6| 4:5 
Avg....| 4.1 | 4.8 


-“ Based on 54 tests from first 18 batches. 


The 15 per cent Rule.—The authors 
endorse the 15 per cent rule for rejecting 
tests that has been written into a number 
of A.S.T.M. specifications for cement 
and concrete, and they rejected batch 14 
of series C that was about 11 per cent 
below the average, practices that find 
no sanction in the A.S.T.M. ‘Manual.” 
Much of the “Manual” is built around 
270 brick tests, average strength 1000, 
minimum 270, maximum 2010 psi. The 
15 per cent rule rejects 56 low and 50 
high tests, total 106, or 39 per cent of the 


| a DISCUSSION ON COMPRESSION TESTS OF CONCRETE CYLINDERS 869 


series. But the “Manual” (with low 
value 27 per cent and high 201 per cent 
of the average) did not reject any test. 

The authors cannot point to the 
“Manual” as authority and at the same 
time reject tests 11 per cent below the 
average and endorse the 15 per cent rule. 
The 15 per cent rule is a phase of “trade- 
association engineering’ that should 
have no place in A.S.T.M. specificatiens. 
The authors are requested to state the 
number of tests in Table I that violated 
the 15 per cent rule and the number in 
each series that were rejected. 

Relevant Information Missing.—The 
“Manual” has much to say on Relevant 
Information; their explicit discussion 
ends with: 


“Much of this information may be quali- 
tative in character, some may even be vague, 
yet without it the interpretation of the data 
and the conclusions reached may be mis- 
leading or of little value to others.” 


Much relevant sli was omitted 
from the paper: 

(a) Type of aggregates, 

(b) Type and size of mixers, 

(c) Size of batch, 4 

(d) Time of mixing concrete, 

(e) Methods of obtaining samples, _ 

(f) Methods of molding cylinders, 

(g) Handling of cylinders between 

curing and testing, 

(h) Type and capacity of testing 

machine, 

(1) Rate of application of load. 

In order to keep this discussion within 
bounds only sampling and time of mixing 
will be considered. 

Sampling.—On page 2 of the writer’s 
first discussion of Mr. Patch’s paper in 
1939, a question was raised as to the 
methods of securing samples of concrete 
at Grand Coulee Dam in 1937 that was 
never adequately answered. Nearly all 
later discussions by the writer in this 
serious brought up this question. The 
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present paper is notable in that it con- 
tains no word on how samples were ob- 
tained. This made it possible for the 
authors to present such an anomoly as 
within-batch variations determined by 
tests on composite samples. 

Time of Mixing Concrete is of utmost 
importance. It was shown above that 
within-batch variation fell off rapidly as 
time of mixing was increased from 1 to 3 
min. The coefficients of variation re- 
ported in the paper may mean much or 
little depending on mixing time. ‘This 
question is particularly pertinent from 
the fact that the writer’s discussion of 
Wing, Jones, and Kennedy’s paper last 
year questioned the authors’ law of 
similitude for mixers of different size. 
It seems likely that the mixing times in 
the paper would support the writer’s 
contention (1943 Proceedings, p. 1034): 


“My studies of the meager data presented 
by U.S.B.R. writers indicate that concrete 
in a 4-cu. yd. machine is as well mixed at 1 
min. as that in a 2}-cu. ft. machine.” 


The writer agrees with the “Manual” 
that “the conclusions reached may be 
misleading,’ without this information, 
hence it is incumbent on the authors to 
give data on the size of mixers, size of 
batch, time of mixing, and method of 
sampling for each of the 30 series in 
Table I of the paper. 


Tests OF READY-MIXED CONCRETE 


In recommending that only one cylin- 
der per batch be made in inspecting 
ready-mixed concrete, the authors seem 
to have overlooked an important phase 
of the subject, namely, that a modern 
concrete testing laboratory is a land of 
make-believe that has little relation to 
the conditions under which concrete is 
manufactured and used. Ready-mixed 
concrete in 3- to 8-yd. batches is fre- 
quently extremely variable. The mixers 
are not built or operated in a manner 
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that makes for uniformity; in general the 
wettest part of the batch comes out first. 

Another important factor, probably 
overlooked, is the tricky provisions for 
sampling in the A.S.T.M. Tentative 
Specifications for Ready-Mixed Con- 
crete (C 94-43 T).* The method is not 
part of the specifications, but it: 


‘ 


‘... Shall be so modified as to permit of 
obtaining two samples, one at the one-quar- 
ter point and one at the three-quarter point 
of the batch.” 


The samples thus obtained must then be 
mixed to form a composite. This device 
estops the purchaser from making any 
tests with a view to determining the true 
variations in slump or strength. Nor is 
that all; he is specifically prohibited from 
taking samples near the beginning or the 
end of discharge, the very points where 
the concrete is most certain to be erratic 
in composition. 

When a building code specifies con- 
crete of minimum strength of 3500 psi. 
at 28 days, each batch and each portion 
of every batch must equal or exceed that 
extremely modest strength requirement. 
All variations must occur at higher 
strengths. Inferior concrete in a base- 
ment column cannot be averaged with a 
few better batches in a roof slab, although 
that fantastic theory has been included 
by the Society in the Tentative Specifica- 
tions for Ready-Mixed Concrete. 

Laws of chance (or of statistics) cannot 
be applied to structures where the lives 
and property of the community are at 
stake. Reinforced-concrete buildings, 
bridges, or large concrete dams cannot be 
erected with the expectation that: 

“If as many as 5 in 100 fall outside the 
same [control] limits, poor control is indi- 
cated.” 


In concrete construction nearly right is 
not good enough; the only permissible 
score is 100.00 per cent right. 


41943 Supplement to Book of A.S.T.M. Standard 
Part II, p. 105. 
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The practice of testing three cylinders 
from a batch of ready-mixed concrete 
should be continued. ‘The privilege of 
taking samples from any part of the 
batch should be restored to the purchaser. 


ATTEMPTS TO GERRYMANDER DIscus- 
SIONS 


Obviously with a view to disarming 
critics the paper stated: 


“Discussion of variations in interbatch 
precision is beyond the scope of this paper.” 


A second such attempt is found in the 
footnote to Table I: 


“These coefficients computed from data 
but may well not be typical.” 


If these coefficients “may well not be 
typical,” why are we asked to accept 
column 4, computed by the same men 
from the same data? 

The writer found it practically im- 
possible to discuss the paper and exclude 
all-tests variations. Apparently the au- 
thors discovered the same thing. Inter- 
batch and batch-to-batch variations 
are shown in Table I and elsewhere, 
and are discussed no less than a dozen 
times in the paper. The important con- 
clusion in the third sentence of the 
synopsis hinges on inter-batch variation. 
Under the circumstances the authors 
have no license to gerrymander discus- 
sions to exclude over-all variations, 
especially since they found that batch- 
to-batch variation is the only one of 
importance. 

NEW 


STRENGTH-VARIATION LAW 


CONCRETE 


FOR 


The writer’s discussion of Wing and 


Ruettgers’ paper last year stated 3 prin- 
ciples, all of which are believed to be 
new: 


1. “There is strong evidence that the 
usual correction factors for number of tests 
are too low when applied to cement and 
concrete. (1943 Proceedings, p. 961). 
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of the form: 


available for a quantitative relation to 


able confirmations of all the above 


871 


2. “Variation in concrete and cement tests 
increases as a logarithmic function of the 
number of tests... (p. 948). 

3. “If we examine almost any series of 
tests in which concretes of different strengths 
were tested, we find that v is low for high- 
strength concrete and high for low-strength.” 
(p. 957). 


TABLE 7.—EFFECT OF CONCRETE STRENGTH 
ON COEFFICIENT OF VARIATION 

, Data from Table I of paper by Wing, Price and Doug- 

ass. 

Series grouped in three strength ranges, using 17 series 

for which batch-to-batch coefficients were given. 


2 Ps Coefficient of 
= Variation, per 
cent Maxi- 
mum 
Series 5 Size of 
2 4 = | gate, in. 
| | 2a | ga 
Zz a = =a 
STRENGTH RANGE 2510 To 3500 Pst 
60 2770 4.9 14.8 
2980 1.5 10.2 
* ee 158 3230 4.7 20.0 1% 
255 2560 2.5 17.4 
646 3020 16.6 
242 2910 | 3.3 | 15.8 


Ne. 3.. 45 4320 0.7 3.3 

No. 6.. 528 3840 3.0 8.2 

4050 6.2 10.2 1% 

200 4480 3.9 11.7 | 

2 3550 3.7 23.0 

312 4640 3.1 12.3 1,1% 
247 4160 3.4 11. 


STRENGTH RANGE 5010 To 7000 Psi. 


No, 16....:. sc | 2.8 4.0 |) 

106 | 5470 | 4.7 | 14.3 

No. 21.. 110 | 5600 | 4.7 7.2 % 

No. 22...... 122 | 61600 | 0.9 | 4.3 6 

No. 23.. 116 | 6170 | 1.9 | 5.4 

No. 24...... 152 | 5870 | 4.7 | 6.5 
109 6030 | 3.3 7.0 


Confirming 1 and 2a relation was found 


v= 


a+ blogn........ (1) 
where v is coefficient of variation, ” is 


the number of tests, a and b are con- 
stants. Sufficient data were not then 


be worked out for strength. 
The present paper furnishes remark- 
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principles. In answer to the question: 
‘Does variation increase with the num- 
ber of tests?” the five series in Table III 
were studied by computing the coefficient 
of the first 3, first 6, first 9, first 15, first 
24, first 36, and for 48 tests. Values are 
given in Table 6. Coefficients were 
computed by the square-root-mean- 
square method, hence final values do not 
always agree with those obtained by the 
short method of the paper. In the ac- 
companying Fig. 2 average coefficients 
are plotted against number of tests. 
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psi. concrete, is shown as curve B; its 
equation: 


50+ 1.6logn...... (3) 


Both U.S.B.R. series show 7 to increase 
as a logarithmic function of the number 
of tests. The low position of curve -1 
from the present paper is due to tests on 
composite samples and twinning of 
strengths. 

Figure 2 shows also the position of 
curve A after correcting for within-batch 


using average coefficient, 4.8 per cent, for 
48 tests and the coefficient of the average 
strengths of the series, 2.8 per cent, we 
compute, (4.8? + 2.8%)! = 5.6 per cent, 
which is another point on the curve. 
This point for 246 tests falls on the same 
straight line (curve) that had already 
been defined by the other tests. Curve 
A, for 4180-psi. concrete is repre- 
sented by: _—— 


2+ logn.......(2) 


The curve obtained by the writer last 
year, based on six U.S.B.R. series, 3900- 


| Curve A, | 
| | | Corrected for Twinning 
| | os in Fig 
Curve B, Tests 1932-36 | 
v= 5.0 +16 logn. 
> To Curve A, 
| | | 
° = \Data from Table 6, Based ‘ 
= 2 ] | onTablelilof Poper | 
$8 { | | by Wing, Price and Douglass 
| 2 > 5 810 15 20 30 50 70 100 200 300 500 
Number of Tests, n, log Scale 
Fic. 2.—Coefficient of Variation of Concrete Increases with Number of Tests. 
Tests by U. S. Bureau of Reclamation. 4 
Since this was a single investigation, by twinning below 40 psi., » = 25 + 23 


log n. 

Table I of paper, based on tests from 
“20 widely distributed” ‘‘representative 
research and field laboratories” gave 
definite information on items 2 and 3 
above. In the accompanying Table 7 
tests from Table I of the paper are 
grouped in strength ranges: 2510 to 
3500, 3510 to 5000, 5010 to 7000 psi., 
using 17 series for which batch-to-batch 
coefficients were given. These ranges 
were not arbitrarily chosen. Each has 
a spread of about 40 per cent from the 
minimum value and contains about one 
third of the series. 
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The accompanying Fig. 3 shows the 
effects of both number of tests and 
strength of concrete on coefficients of 
variation. The point for 25 tests for 
the middle strength group is plotted from 
the value, 3.3 per cent, in Table 1; av- 
erage based generally on 2 or 3 tests. 
The within-batch variations in Table I 
did not discriminate between concretes 
of different strengths, hence corrections 
taken from Fig. 2 of the paper were 


applied in order to secure the other points 


20 


and 6b would 
insignificant amounts. 
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have been changed by 


The all-tests coefficients are the av- 


erages from the accompanying Table 7. 


For sake of simplicity the individual 
points are omitted from Fig. 3. It may 
be objected that two points cannot 
establish the position of an exponential 
curve. That is true in general, but it was 
shown above that the intermediate points 
defined this type of curve in the U.S.B.R. 
tests studied in the writer’s discussion 


v= logn,, | 


) 


— 


| 

A. ys2 t4logn 


12 


| 


Coefficient of Variation, v, per cent 


logn 


~| (4/60 psi.) 


2 | 
4 Ze 
5O 100 200 5001000 2 5000 10000 


Number of Tests, n, log Scale 


_ Fic. 3.—Coefficient of Variation of Concrete Increases with Number of Tests. 
Data from Table 7, based on Table I of paper by Wing, Price, and Douglass. 


for 25 tests. For example, 6030 psi. rep- 
resents an increase of 45 per cent over 
4160 psi. Figure 2(a) shows that the 
above average of 3.3 per cent must be 
increased 20 per cent, or a corrected 
coefficient of 4.0 percent. Similarly, the 
point for 2910 psi. represents a minus 
correction of 25 per cent, er a corrected 
coefficient of 2.6 percent. These correc- 
tions are unimportant factors in plotting 
Fig. 3. Their use avoids a slight incon- 
sistency in having the upper and lower 
curves cross at 23 tests. If these correc- 
tions had not been applied, the principles 
deduced from the figure would have been 
exactly the same, and the constants a 


of Wing and Ruettgers’ paper as did also 
the tests in Fig. 2 from the paper. 

The curves in Fig. 3 may be repre- 
sented by these expressions: 


‘Coefficient of Varia- 

tion, 2, per cent 

Strength, | Expression for v, per MF 
psi. cent 


10 tests 100 tests 
2910 24+ 6logn & 14 
4160 2+ 4 logn 6 } 10 
6030 2+ 2% log n 4% 7 


The constants a and 6 were determined 
from Fig. 3; for convenience they are 
expressed in percentages; a = 2 per cent 
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for all strengths, but 6 is an inverse 
function of strength. 

Great refinement is impracticable in 
view of the limited data, hence values of 
a and bare generally given to the nearest 
whole number, and other constants are 


this region. The curves that pass 
through the three given points and 
conform to the other requirements are 
essentially rectangular hyperbolas, ap- 
proximately asymptotic to both axes. 
The curves in Fig. 4 have equations 


20 
ore from FigZ. 
16 All curves have 
equation sv=k 
5 
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Fic. 4.—Relation Between Compressive Strength and Coefficient of Variation of Concrete. 


expressed only in round numbers that 
readily may be in error + 10 per cent. 

Table 7 indicates that strength of con- 
crete is the determining factor, rather 
than size of aggregate as stated in the 
paper. 

Data in Fig. 3 are more usable if the 
values are set up with 28-day concrete 
strength as the principal argument, sep- 
arate curves being drawn for certain 
numbers of tests, as in the accompanying 
Fig. 4. In drawing these curves the 
writer was guided by a number of 
considerations in addition to the three 
points from Fig. 3. Experience leads us 
to expect high coefficients for strengths 
below, say, 2000 psi. On the other hand, 
we would expect coefficients to become 
lower as strengths over, say, 7000 psi. 
are reached. Since 14,000 psi. is a ceil- 
ing beyond which strengths cannot 


normally go, it seems likely that the 


coefficients would become negligible in 


similar to the well-known “gas-law”; 
that is: 7 


where s is 28-day concrete strength (psi.) 
and & is a constant for a given number 
of tests. 

Equations 1 and 4 represent the same 
data, hence: 


k= (a+ blogn)s...... (5) 


The value of k can be computed for a 
given number of tests. Fer 10 tests of 
4160-psi. concrete, k = (0.02 + 0.04) 
4160 = 250 psi. But 250 psi. holds for 
all strengths, so long as we have ten 
tests. For other numbers of tests: 


Tests k psi. 
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Two examples are given: (a) 100 tests of 
3300-psi. concrete, v = 400/3300 = 12 


per cent; (6) 10 tests of 5000-psi. con-’ 


crete, v = 250/5000 = 5 per cent. 
These are the percentages shown by 
Fig. 4. 

The above values of & are based on the 
data in Table I. In the writer’s opinion 
all values should be much higher, espe- 
cially for the smaller numbers of tests. 
Figure 2 shows curve A corrected for 
within-batch twinning of tests. The 
curve intersects curve B, based on older 
U.S.B.R. data at about 1000 tests. One 
might readily assume that differences 
between curves A and B were chargeable 
to twinning and to tests on composite 
samples. 

The paper stated: 


“As a rough rule, the data show that a 
given percentage change in average strength 
produces 60 per cent of that change in the 
value of the within-batch coefficient but in 
the opposite sense. Tests on 2000-psi. con- 
crete would, therefore, be expected to have 
about a 30 per cent higher coefficient than 
4000-psi. concrete.” 


Equation 4 may be written: » = k/s. 
In other words, the coefficient varies 
inversely as the strength. Contrary to 
the authors’ conclusion, the data of the 
paper show that v of 2000-psi. concrete 
is 100 per cent higher than for 4000-psi. 
concrete. 

The new strength-variation law for 
concrete may be stated: 


“The coefficient of variation of concrete 
cylinders tested at 28 days increases as a 
logarithmic function of the number of tests, 
and for a given number of tests, varies in- 
versely as the strength of the concrete.” 


In their closure last year Wing and 
Ruettgers presented an interesting reac- 
tion to the writer’s conclusion that the 
coefficients of variation in cement and 
concrete tests increase as logarithmic 
functions of the number of tests. The 
writer’s Fig. 2 (1943 Proceedings, p. 957) 


4 - DISCUSSION ON COMPRESSION TESTS OF CONCRETE CYLINDERS 875 


gave the basis for the above law, but 
the authors rejected that evidence as 
(1943 Proceedings, p. 974): 
(a) “...a heterogeneous assembly of 
‘coefficients of variation’...”, 

(b) “...use of data of large inherent 

error...” 

The only data used in plotting the 
figure were from the Wing and Ruettgers 
paper, then under discussion, or from 
other U.S.B.R. reports to which references 
were given. The only method of refut- 
ing the writer’s conclusion that appealed 
to the authors was to discredit the data 
on which their own paper was based and 
similar data published by other U.S.B.R. 
writers. 

Two groups of U.S.B.R. authors ig- 
nored suggestions made last year. This 
now enables the writer: (a) to correct 
some of the numerous glaring errors in 
the paper; (b) to present a new and im- 
portant law of concrete technology, based 
on their tests. 


Messrs. S. P. WING,® WALTER H. 
Price,> AND CLEMEUNT T. Dovuctass® 
(authors’ closure, by letter).—The authors’ 
paper had only two purposes: first, to 
make a representative survey of labora- 
tories to determine the reproducibility 
of results of strength tests of companion 
cylinders compositely fabricated from a 
single sample or from a small, well-mixed 
laboratory batch, and tested under con- 
ditions most favorable to uniformity; the 
index of variability used was the co- 
efficient of variation and was referred to 
as the “‘within-batch” coefficient; second, 
to show how the variability index could 
be practically applied to the bettering of 
specifications and to the analysis of 
research. 

Mr. Abrams questions the suitability 
of data supplied to the survey by one of 
the 13 contributors. In his opionion the 


5 Engineers, U. S. Bureau of Reclamation, Denver, 
Colo. 
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data from this source required corrections 
and were not representative. Consid- 
ering that the survey covered 6000 tests, 
all the material from the source in ques- 
tion could have been omitted without 
materially changing the paper’s conclu- 
sions. Moreover other data which have 
since been reviewed, including some from 
Mr. Abrams’ own work, seem to confirm 
the general applicability of the authors’ 
conclusions. 

Mr. Abrams deals at some length with 
expected variation between cylinders 
which have been molded from different 
samples taken from different locations in 
a large mixer drum. ‘The authors’ sur- 
vey only applied to composile companion 
cylinders. Had the authors defined the 
variation they were discussing as the 
“within-sample” coefficient rather than 
“within-batch”’ coefficient, perhaps con- 
fusion to those unfamiliar with the term 
“companion” would have been avoided. 
Its only relation to the variation of 
cylinders molded from different samples 
from the same batch is that of being the 
limit which their variation approaches 
as mixing becomes complete. 

Mr. Abrams points out that one among 
the many factors which cause variations 
in recorded strength of cylinders intended 
to be of the same strength is the inability 
of the test engineer to read the test dial] 
closer than a certain minimum. Cylin- 
ders recorded to be of the same strength 
he calls ‘‘twinned” cylinders. He be- 
lieves ‘“‘within-batch” coefficients com- 
puted from average ranges based on data 
containing ‘“‘twinned”’ values to be much 
too low and applies a maximum correc- 
tion of 500 per cent. 

About 60 per cent of his discussion was 
devoted to twinning, the development 
of a statistical /aw to apply only to con- 
crete, to the rejection of observations, 
and to other — statistical matters. 
Though all of his treatment of these sub 
jects is contrary to the authors’ under- 
sti — of statistical procedures and 


the authors are extremely dubious as to 
the conclusions, an adequate discussion 
is beyond the scope of a closure. A few 
published references bearing on the 
points raised are given in the footnote.‘ 
In any case, the authors feel that even 
should a more rigid statistical treatment 
of their data reveal deficiencies in their 
analysis, necessitating small changes in 
the coefficients, their conclusion that at- 
tention paid to batch-to-batch variation 
is more likely to produce productive re- 
sults than additional study or tests 
devoted to within-batch control is not 
likely to be altered. 

The statistical analysis of strength 
variations of cylinders cured in a fog 
room was presented solely as an example 
of the method by which the ‘“within- 
batch” coefficient could be put to prac- 
tical use. The acceptance by readers of 
the conclusions drawn, conclusions ques- 
tioned by Mr. Abrams, is not necessary. 
Provided the authors made the applica- 
tion of the statistical method clear, the 
example has served its purpose. 

After all statistical methods are never 
absolute. They only provide, from in- 
formation extracted from the data, 
numerical odds that ‘‘chance”’ may have 
produced the observed distribution of 
data values. In the fog room test series, 
the odds against chance being the sole 
factor responsible for the increase in 
strength indicated along the curing shelf 
are high but if Mr. Abrams chooses to 
take the short end of a bet and criticize 
the authors’ conclusions on the basis that 
‘chance’ was the only factor present, 
no useful answer can be made until future 
tests lengthen or shorten the odds for 
the “inference”’ indicated. 

In conclusion the authors wish to 


® Rejection of observations; Paul R. Rider, ‘Criteria 
for Rejection of Observations,” Washington University 
Studies, Science and Technology No. 8, 1933. 

Distribution of ranges and effect’ of grouping; W. A 
Shewhart, ‘Economic Control of Quality of Manufa¢ 
tured Product,” D. Van Nostrand Co., Inc., New York, 

Shey Baan s correction; Peters and Voorhis “Statistical 
Procedures and Their Mathematical Bases,” McGraw-Hill 
Publishing Co., New York, , 1940. 
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present a brief analysis of some excellent 
data published by Mr. Abrams 28 yr. 
ago,’ directly bearing on several points 
which he raised. 

Single cylinders were formed from 144 
batches of concrete which were mixed 
over a 6-day period. Each day three 
mixes were used, 1:9, 1:5, and 1:3. 


to reproduce cylinders of the same 
strength from different batches mixed 
the same day. 

Likewise, by combining the test results 
differently, 24 sets of 6 cylinders each 
may be obtained in which case each set 
contains only cylinders of the same mix 
but coming from batches mixed on 


J 6 6 * je 58% 
4 ontro 
Within-Day Coefficients Within-Week Coefficients 
Each point is Coefficient of Variation Each point is Coefficient of Variation of 6 tests 
of 8 tests from different batches from different batches mixed on different days. 
mixed same day. — 
1980 41% 
4 © 1:9 Mix, = 776 psi. 
Expected limit of variation 1:5 Mix, ¥ =1841 psi. 
of averages of 24 13Mix, = 3038 psi. 
1940 36 
4 
a 
€ 0.63 x 0.37 x 1887 = 44 psi 
¥ = 1/887 psi. 
| (194 Cylinders) 
i860] 


“4 Fic. 5.—Comparison of Within-Day and Day-to-Day Strength Control from 144, 
TA 6 by 12-in. Cylinders. 


Data from Table 1V, D. A. Abrams, ‘‘Effect of Rate of Application of Load on the Compressive Strength of Con- 
crete,”’ Proceedings, Am. Soc. Testing Mats., Vol. XVII, Part I, p. 373 (1917). 


The test conditions were kept essen- 
tially uniform. 

The test results can be arranged into 
18 sets of 8 cylinders each, the charac- 
teristic of each set being that the cylin- 
ders came from different batches, of the 
same mix, from batches made on the 
same day. The coefficient of variation 
from such a set, the ‘“within-day”’ coeffi- 
cient, measures the ability of an operato: 


D. A. Abrams, “Effect of Rate of Application of Load 
on the Compressive Strength of Concrete, Table IV, 
Proceedings, Am. Soc. Testing Mats., Vol. XVII, Part II, 
». 373 (1917). 


different days. Variation within these 
sets may be called “‘within-week”’ varia- 
tion, the cylinders being made on dif- 
ferent days of the same week. 

These two kinds of coefficients are 
plotted in the form of control charts at 
the top of the accompanying Fig. 5. In 
the “within-day” chart, the first six 
plotted points are from tests on the 1:9 
mix (X¥ = 776 psi.), the second six from 
the 1:5 mix (Y = 1841 psi.), and the 
third six from the 1:3 mix (X¥ = 3038 
psi.). The same arrangements are used 
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for the “within-week” chart, but with 
eight points for each mix. The average 
strength of all tests was 1900 psi. 

The greater average coefficient of 
variation of cylinders from batches 
made on different days, 5.8 per cent, as 
compared to cylinders from batches 
made the same day, 3.7 per cent, clearly 
indicates some factor not controlled by 
the experimenter introduced a day-to- 
day variation which was not present for 
tests of batches made on the same day. 
This factor was not random, but was 
persistent, as is shown by the day-to-day 
plot of average daily strength shown at 
the bottom of Fig. 5. Statistically the 
decrease in strength indicated, 1.6 per 
cent per day, is highly significant. 
Whether this strength decrease might 
have been caused by the location of 
the cylinders during curing(sand-cured) 
or whether it might be connected with 
temperature control or other factors the 
authors are not ina position to say. Its 
interest to this paper is that by aid of the 
“within-day” coefficient, this test series, 
like that of the authors’ fog room series, 
is shown to lack statistical control. A 
range between Monday’s and Saturday’s 
strength of 8 per cent is indicated. 

This 1917 test series, both in its orig- 
inal analysis and in the results, contra- 
dicts at almost every point Mr. Abrams’ 
present discussion. His own analysis of 
variation was made without correcting 
for the 30 per cent “twinning” present 
in the data, and results were given in 
terms of “estimated” coefficients of vari- 
ation (labelled per cent mean error), 
two procedures which he now condemns. 
While Mr. Abrams’ “estimated” coeffi- 
cients were obtained by dividing the 
“sum of squares of deviations” by one 
less than the number of tests, rather than 
by using a table as in the control chart 
method, his results, 3.9 and 6.4 per cent 
for the “within-day” and “‘within-week”’ 
coefficients, are only 5 per cent different 
from the 4.1 and 6.7 per cent results 
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shown by the control chart method. 
This is not a 50 per cent variation in 
“estimated” coefficients dependent on 
method used, as he suggests. 

Mr. Abrams’ logarithm “strength 
variation” law is not verified by this test 
series. The actual within-day coefficient 
of variation for sets of six is 5.8 per cent; 
but for the within-day sets of eight the 
result is 3.7 per cent. Instead of the co- 
efficients increasing in value with in- 
creased number of observations per set 
as his law demands, they decrease. 

The magnitude of the estimated 
“within-day” coefficient, 4.1 per cent, is 
particularly interesting. That 28 yr. ago 
Mr. Abrams was able to fabricate and 
test cylinders from different batches of 
1900 psi. concrete, whose coefficient of 
strength variation, 4.1 per cent, is within 
the control limits for modern within- 
batch testing is indeed a tribute to his 
pioneering work in developing _ test 
techniques. In fact only two out of five 
of the authors’ batch-to-batch test series 
equalled this result. Mr. Abrams be- 
lieves that 4000-psi. concrete should 
have about one half the variation of 2000 
psi. concrete, an effect of strength levels 
the author’s tests do not indicate. But 
accepting his estimate for the moment, on 
this basis had he used 4000- instead of 
2000-psi. concrete in his 1917 test series, 
on his own estimate his 1917 ‘‘within day” 
coefficient would have been reduced to 2 
per cent. While only five of the authors’ 
within-batch series shown on Fig. 1 
represented as good control of technique 
as this, it is hard to see why those who 
reached it should be criticized for having 
“super-duper”’ results. 

The authors wish to thank Mr. Abrams 
for his critical reading of their paper, 
even if they cannot agree with his con- 
clusions. From the tenor of Mr. Abrams’ 
discussion of within-batch variations (pp. 
854, 857, and 867) it becomes evident 
that the title and the wording used by 

the authors was amenable to misinter- 
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pretation. Unquestionably the follow- 
ing suggested re-wordings would have 
been better. 

1. Change the title to read: “‘Precision 
Indices for Comparison Tests of Com- 
panion Concrete Cylinders*” and append 
a footnote as follows: “*Companion 
cylinders as used in this report means 
cylinders compositely molded from the 
same sample of concrete. Their varia- 
tion is referred to as ‘within-batch’ 
variation.” 

2. Substitute “range” for “variations” 
in the last sentence of the paper’s 
synopsis. 
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| The authors regret their failure to have 
foreseen the possibility of valid confusion 
which has added materially to the length 
of Mr. Abrams’ discussion and which 
may also have troubled other readers. 
The words of appreciation of Messrs. 
Pratt and Leavitt commenting on the 
labor involved in presenting variation 
data are particularly welcome and leave 
the authors with the hope that their 
survey will contribute to improved ar- 
rangements of test procedures, and to 
a reduction in the number of tests now 


-made on companion cylinders. 
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THE MEASUREMENT OF CONCRETE STRENGTH BY EMBEDDED 
PULL-OUT BARS 


TREMPER! 
J 


The difficulties of making an accurate estimate of the strength of concrete 
in structures during the curing period by means of test cylinders are well 
known. A principal source of error is the difference in environment between 
the test cylinder and the actual structure. A group of Russian engineers has 
experimented briefly with several means of determining the strength of con- 
crete in place. One of the most promising methods consisted in embedding 
the enlarged ends of iron bars a short distance from the face of the concrete 
while it was being placed. The force required to pull the bar out of the hard- 
ened concrete was used as a measure of strength. 


This paper reports the results of a laboratory investigation in which 120 
pull-out specimens and 120 cylinders were cast from 30 batches of concrete. 
Mixes and test ages were varied over usable ranges. Both uncrushed and 
crushed gravels were used as coarse aggregate. The coefficient of variation 
of pull-out tests was only slightly greater than that of compressive strength 
tests. A high degree of correlation exists between the two tests. The data 
indicate that a relatively simple equation can be applied to results of pull-out 
tests to obtain the equivalent compressive strength up to values of 3500 psi. 


: The method does not appear to be suitable for concrete of higher strength. 

It is contemplated that field tests would be made with a dynamometer or a 
gage-equipped hydraulic jack. The locations in the structure at which pull- 
out bars would be installed could be selected with a view to final appearances. 

The test has the advantage of giving direct indication of the strength of the 


concrete in the structure. 


It is free from the complications which arise when an 


attempt is made to cure separately-cast specimens in the same manner as the 


concrete in the structure. 


_ Engineers responsible for the control 


of concrete are perennially faced with 
the necessity of making decisions as to 
the strength of concrete in structures 
during its earlier stages. (Questions arise 
as to the safety of removing falsework, 
unwatering foundation seals, or per- 
mitting the imposition of design loads. 


t Materials Engineer, State of Washington Dept. of 


Highways, Olympia, Wash. 


Such questions become particularly acute 
during cool weather or whenever the 
need to utilize the structure is urgent. 
As a rule, judgment as to the strength 
of the concrete is based on results of test 
cylinders, usually 6 by 12 in. in size. 
Consideration of the curing conditions 
to which the cylinders have been sub- 
jected when compared with probable 
conditions within the structure fre- 
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quently leads to misgivings as to the 
soundness of the data upon which a de- 
cision must be based. This is particu- 
larly true when the site of the work is at 
some distance from the testing laboratory. 

As an illustration the following hypo- 
thetical case may be considered: 

A concrete viaduct is being constructed 
late in October. The weather is moder- 
ately warm during the day but falls to 
28 to 30 F. each night. No protection 
other than the forms and an earth 
covering on the slab has been provided. 
It is desired to remove the falsework 
under the girders at the earliest safe 
date and it is considered that the con- 
crete should have a minimum strength 
of 2500 psi. when this is done. Test 
cylinders are made and are left standing 
on the ground for 8 hr. after which earth 
is placed around them for protection 
during the night. The following morn- 
ing they are placed on top of the slab 
and covered completely with earth. On 
the seventh day they are shipped by ex- 
press to the laboratory which is 200 miles 
distant. They are not delivered until 
the ninth day. ‘Two cylinders are placed 
in water at 70 F. in preparation for 
testing on the tenth day, the remainder 
being buried in earth outside the labora- 
tory. Subsequent tests indicate that 
the cylinders have reached the desired 
strength of 2500 psi. at the age of 16 
days. What is the strength of the con- 
crete in the structure? Investigation 
shows that only from the second to 
seventh days were the cylinders main- 
tained at a temperature known to be 
close to that of the structure. ‘Tempera- 
tures during the period of shipment are 
unknown. ‘Temperatures at the site of 
the laboratory are found to have aver- 
aged 10 deg. higher than at the structure. 

When the tendency of job inspectors 
to neglect standard procedure in making 
test cylinders and the difficulty of com- 
pensating for uneven ends of specimens 
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is considered, errors as great as 20 per 
cent are not improbable. Clearly some 
form of test of the concrete in the struc- 
ture itself would be much more reliable. 

Lord,? Edwards,’ Scofield,‘ and Young 
have commented on the disparity be- 
tween the strength of test cylinders 
either job- or laboratory-cured and that 
of the actual structure. Tests of cores 
cut from the hardened concrete have 
occasionally be used, but the expense 
and inconvenience of this method have 
militated against its general adoption. 

Skramtajew® has described methods of 
estimating the strength of concrete in 
place as studied by a group of Russian 
engineers. The best results were ob- 
tained by Volf’s method which consists 
of measuring with a special dynamom- 
eter the force required to pull out a rod 
whose enlarged end had been cast in the 
concrete at the time of pouring. Volf 
derived a coefficient relating pull-out 
and compressive strengths and found a 
maximum divergence of 9 per cent from 
the average coefficient. The concretes 
investigated, however, were in the lower 
strength ranges, from approximately 200 
to 1500 psi. 

This paper presents results of labora- 
tory studies of pull-out and compression 
tests of concrete over a range of strengths 
more nearly in accord with those assumed 
in present-day design practice. 


ScoPpE OF TESTS 


Of a large number of variables that _ 


could well have been considered, a few 


2 Arthur R. Lord, ‘“‘Notes on Concrete-Wacker Drive,”’ 
Proceedings, Am. Concrete Inst., Vol. 23, p. 28 (1927). 

+ Harlan H. Edwards, ‘“‘Progress in Determining the 
Relation Between Test Cylinders and Concrete in the 
Structure,’’ Proceedings, Am. Concrete Inst., Vol. 26, P. 
57 (1930); ‘‘Properties of Job-Cured Concrete at Early 
Ages,’”’ Proceedings, Am. Concrete Inst., Vol. 33, p. 41 
(1937). 

4H. H. Scofield, Discussion of ‘‘Properties of on 
Cured Concrete at Early Ages,”’ Proceedings, Am. Con- 
crete Inst., Vol. 33, p. 64 (1937). 

6 Roderick B. Young, ‘‘The Field Testing of Concrete,”’ 
Proceedings, Am. Soc. Testing Mats., Vol. 27, Part II, p. 
390 (1927). 

¢B. G. Skramtajew, ‘Determining Strength for Con- 
trol of Concrete in Structures,” Proceedings, Am. Con- 
crete Inst., Vol. 34, p. 285 (1938). 
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that seemed most pertinent to average 
construction were selected for this study. 
It was determined to limit the type of 
concrete studied to that ordinarily used 
in reinforced structures. Only one maxi- 
mum size of aggregate (1}-in. square 
opening) was included. Concrete con- 
taining larger aggregate, such as that 
used in pavements, was not included 
because the strength of such slabs is 
usually estimated from relatively large 
beams that are cured and tested at the 
site of the work. The disadvantages of 
using test cylinders are greatly reduced 
by such methods. All concrete was 
mixed to a 3 to 4-in. slump, since this 
consistency generally can be placed when 
vibrators are used. Six mixes with 
cement contents ranging from 4.2 to 7.6 
sacks per cu. yd. and corresponding 
water-cement ratios of 8 to 4 gal. per 
sack were considered to cover an ade- 
quate range. ‘Test ages were 4, 6, 9, and 
14 days. ‘These were selected because 


of their approximate equal spacing on a_ 


logarithmic scale and because of their 
convenience in testing. The tests were 
not extended to later ages because the 
primary purpose was to study strengths 
developed during early stages of harden- 
ing. The aggregate was typical of that 
produced from glacial deposits in the 
Puget Sound area of Washington. It 
is of excellent quality and is rounded to 
subrounded in shape. In one mixture, 
the effect of angularity of aggregate was 
studied by mixing equal weights of 
crushed gravel to each size of natural 
gravel. The sand in this mix contained 
11 per cent of the crushed gravel screen- 
ings. Type II cement’ was used through 
out. The specimens tested were 120 
pull-out specimens and an equal number 
of 6 by 12-in. cylinders for compression 
specimens. For each mix and test age, 


7See A.S.T.M. Standard Specifications for Portland 
Cement (C 150 - 42), 1942 Book of A.S.T.M. Standards, 
Part Il, p. 1. 


7.3 
five specimens were made, each on a 


different day. 


METHODS 


Batches of concrete of about 2 cu. ft. 
in size were mixed in a Lancaster type 
SW mixer. Four compression cylinders 
and four pull-out specimens were made 
fromeach batch. One of each was tested 
at each age. Specimens were removed 
from molds after 24 hr. and were then 
stored in a fog room at 70 F. until 
tested. 
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Fic. 1—Section Showing Pull-Out Specimen in 
Place for Strength Test. 


The 6 by 12-in. cylindrical compression 
specimen was made and tested in ac- 
cordance with A.S.T.M. Standard Meth- 
od of Test for Compressive Strength of 
Concrete (C 39-—42),* except for the 
method of mixing as described above. 
The rate of loading was 35 psi. per sec. 

The pull-out specimen as cast was 
10 by 44 in. in plan by 10 in. high. The 
pull-out bar was }-in. in diameter with 
an enlarged cylindrical end 3? in. in 
diameter and +§ in. in length. This 
shape was adopted for ease in machining. 
Details of its design and its position in 
the specimen are shown in Fig. 1. The 


8 1942 Book of A.S.T.M. Standards, Part II, p. 391. 
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bar passed through a hole in the center 
of a piece of ?-in. plywood which con- 
stituted one face of the form. It was 
fixed in position by means of a set collar 
and a metal plate which was screwed to 
the form. Concrete was placed in two 
layers, each of which was puddled with 
25 strokes of a §-in. bullet-nose rod. 


TABLE I.—GRADING OF AGGREGATES. 


extending to a point about midway in 
the length of the enlarged end. It will 
be noted that a spherical seat was pro- 
vided in the bearing ring and that a thin 
asbestos gasket was used between the 
ring and the specimen. These provi- 
sions were made in order to reduce 
localized stresses. 


TABLE II.—PROPORTIONS OF CONCRETE MIXES. 


Coarse Fine Cement, | Proportions per Sack of Cement 
mix | cts 
Screen Size a Water, Sand, Ib. Gravel, 
Square Per cent TS: Siw Per cent ga Ib. 
in. 
| 6.12 5.0 224 316 
100 100 5.12 6.2 292 368 
80 96 No. 4........ 4.52 7.2 343 403 
60 88 4.20 8.0 373 428 
10 80 No. 6.04 5.8 256 285 
SS ae 45 _ @ Jn Mix No. 6 each screen size of the coarse aggregate 
= Ser il contained equal weights of crushed and uncrushed gravel. 
| ere 1 The fine aggregate contained 11 per cent by weight of 
crusher screenings and 89 per cent natural sand. 
6000 — T T 
° Uncrushed Aggregate 
Partly crushed Aggregate 
4000 
2- Log C=(248x/0"4)P +2 743 
| 
> 
£9. 
4 
7 
0 
0 1000 2000 3000 4000 = a 


Pull-out Strength, ib 
Fic. 2—Relationship of Pull-Out Strength to Compressive Strength, ; 


Details of the method of making the 
pull-out test are shown in Fig. 1. The 
rod was gripped at a distance of about 
10 in. from the face of the concrete by 
jaws in the movable head of the testing 
machine which travelled at the rate of 
0.05 in. per min. when the machine was 
running idle. Failure occurred by the 
formation of a cone 4 to 6 in. in diameter 


DATA OF THE TESTS 


The mix proportions and the grading 
of the aggregates are given in Tables I 
and II. The results of the strength 
tests are given in Table III. The 
relationship between pull-out strength 
and compressive strength is shown in 
Fig. 2. 
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- 
TABLE III.—RESULTS OF STRENGTH TESTS. 
(Each value is the result of an individual test.) 
ies Age 4 Days Age 6 Days Age 9 Days Age 14 Days 
pa | pa pe p2 
Mix No. 1 
26104 33804 3080 4870 
| 3770 3240 4180 3320 5160 3570 5650 
3070 | 3810 3620 4400 3410 5230 3870 5940 
3550 | 3890 3640 4400 3700 5390 4030 6070 
33800 3940 4460 4380 5400 5600 6180 
Average.....| 3300 | 3820 3510 4360 3700 5210 4100 5900 
Tene 13.6 15.1 9.1 9.8 12.2 3.7 19.0 4.5 
Mix No. 2 
2480 2530 | 2760 | 3020 29704 3130 39604 
2680 2750 2960 | 3120 3110 3610 3340 4400 
2910 2850 3070 3280 3200 3640 3530 4520 
3100 3010 3300 3450 3380 3660 3650 4940 
33004 3130 3380 38204 3640 3760 4300 5050 
Average..... 2790 2850 3090 3220 3270 3670 3590 4730 
10.1 | 8.0 8.4 6.9 8.1 11.0 8.6 
No. 3 
9780 2200 2010 2280 2370 2700 2480 
1870 | 1870 2210 2100 2620 2500 2710 2810 
2110 1930 2320 2100 2660 2580 2760 3130 
2140 «=| ~=«1940 2420 2270 2900 2760 2900 3380 
2200 | 2020 2600 2470 33604 2930 3780 3780 
Average..... 2020 | 1910 2350 2190 2620 2630 2970 3130 
v.. 8.1 59 6.3 7.4 13.0 7.5 13.8 14.4 
Mix No. 4 
1340 1060 1560 | 1530 17104 1630 2020 1950 
1370 1130 1670 | 1530 1930 1670 2110 1980 
1470 1130 1760 | 1540 1940 1870 2400 2050 
: 1550 1260 1780 1560 2280 1910 2650 2170 
16704 1340 1790 1600 2300 2030 2940 2270 
Average..... 1430 1220 1710 1550 2110 1820 2420 2080 
* ee 8.2 8.0 5.1 5.4 11.1 18.5 14.1 5.8 
Mix No. 5 
oa 1180 740 1360. | 1030 1560 1340 1630 1420 
1180 910 1420 1080 1570 1400 1730 1520 
1180 920 1450 | 1150 1650 1420 1900 1770 
: 1200 950 1480 | 1200 1650 1430 | 2000 1840 
1320 1060 1600 1290 1670 1470 | 2280 2020 
Average..... 1210 920 1460 1150 1620 14420 1910 1710 
4.5 11.2 5.5 7.9 3.5 31 | 1.8 | 128 
Mix No. 6 
22604 2140 2480 27008 27204 | 31807 
2650 2340 3000 2940 3120 3580 3550 4420 
2670 2430 3030 3020 3670 3660 | 3620 4500 
2700 2530 3050 3150 3700 3700 «=| «= 4050 4550 
2860 2560 3300 3160 3750 3900 | 4120 |. 4640 
Average 2720 2410 3020 2950 3559 3690 3840 =| 4480 
a 9.0 6.2 5.9 8.4 12.2 11.2 | 94 | 27 


“Pp = Pull-out strength in pounds. 
C = Compressive strength in psi. 


© » = Coefficient of variation in per cent. 


Value omitted in computing average. 


Grand Average, 9 (pull-out) = 9.6%, » (compression) = 8.4%. 
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DISCUSSION 


In computing average strength values 
in Table Il a few results which deviate 
more than 15 per cent from the average 
were discarded. In a few instances 
results which were about 15 per cent 
low, when balanced by a result equally 
high, were retained because the average 


TABLE IV.—VALUES OF COMPRESSIVE STRENGTH 
COMPUTED FROM PULL-OUT STRENGTHS 
COMPARED TO BEST VALUES OF 
COMPRESSIVE STRENGTH. 


Computed Compressive 
=| ad Strength, psi. 
21/03 by Eq. 2 by Eq. 3 
| = to 
Mix 5] Cea 
Ci s C| | 
siai <2 > | & 5 
No. 1....| 4 13330] 3780 |3710) 1.9 
6 13510] 4470 |4110} +60} 8.1 
9 13700} 5150 |4580|—570] 11.1 
14 [4100] 5890 |5770|—120} 2.0 
No. 2....| 4 12790] 2720 |2720 0 2.6 
6 13090] 3300 }3230} 2.1 
9 13270} 3900 |3580}—320] 8.2 
14 [3590] 4540 |4300}—240] 5.3 
No. 3....| 4 [2020] 1870 |1750|—120} 6.4/1830) —40 
6 12350] 2280 |2120|—160} 7.0)2190} 3.9 
9 |2620] 2670 |2470|—200] 7.5)2490|—180] 6.7 
14 |2970} 3090 |3010} 2.5 
No. 4....| 4 |1430] 1250 |1250 0 4.8 
6 11710} 1510 |1470] —40| —20) 1.3 
9 |2110] 1800 |1850} +50] 7.2 
14 |2420} 2100 4.8/2270/+170| 8.5 
».5....| 4 |1210] 910 |1100]+190] 20.9] +40] 4.4 
6 1170 8.5]1220} +50] 4.3 
9 11620} 1420 |1400] —20} 1.4/1400] —20] 1.4 
/14 [1910] 1700 |1650} —50} 2.9/1710] +10] 0.6 
| 
No. 6..... 4 [2720] 2360 |2620|+260} 9.7 
6 13020} 3030 +80] 2.6)2930|—100} 3.3 
9 13550] 3700 13.8 
14 |3840| 4430 |4970|+-540] 12.2 
4+165|-+6.4 +861-4-4.3 


was not appreciably affected by doing so. 
In all, eight pull-out tests, or 7 per cent, 
and six compression tests, or 5 per cent 
of the total, were discarded as being 
“wild.” The elimination of the “wild” 
results gave average values which were in 
better agreement with age-strength 
curves derived by the method of least 
squares, 

Coefficients of variation, 1, were com- 


Was 
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puted on the basis of all tests, including 


those considered as “wild.” The grand 
average coefficient of variation for pull- 
out tests was 9.6 per cent and for com- 
pression tests 8.4 per cent. This indi- 
cates that the pull-out test can be 
duplicated with nearly as great a degree 
of accuracy as the compression test. 

The coefficient of correlation, 7, using 
Pearson’s product moment formula ap- 
plied to average values of pull-out and 
compressive strengths, is 0.97. This 
indicates a very high degree of correla- 
tion between the two tests. 

In a preliminary series of laboratory 
tests, the spherical-seated ring and 
asbestos gasket shown in Fig. 1 were not 
used. There was some warping of the 
side forms as well. In these tests the 
coefficient of correlation was found to 
be only 0.87. In general, pull-out 
strengths were considerably lower for 
a given compressive strength than in 
the tests reported in this paper. 

The solid curve of Fig. 2 represents an 
equation computed by the method of 
least squares applied to the complete 


data It is of the form: 
log C +8........... (1) 
where: 
C = compressive strength in 
pounds per square inch, 
P = pull-out strength in pounds, 
and 
nand k = constants. 
For the particular conditions of this— 
test, Eq. 1 may be written: oe 


log C = (2.48 K 10~)P + 2.743... .(2) 


The broken-line curve of Fig. 2 rep- 
resents the following linear equation 
which was computed by the method of 
least squares applied to _ pull-out 
strengths of 3000 lb. and less: 


| 
—< 


It is recognized that pull-out tests 
should be compared to the best values 
of compressive strength and that the 
observed compressive strengths were not 
necessarily the best values. Best values 
were computed from equations derived 
from age-strength relationships by the 
method of least squares. 

Inspection of Fig. 2 shows that the 
pull-out results were more erratic in 
concrete of higher strength. In Table 
IV comparisons are given between com- 
pressive strength as computed from 
pull-out strength and from best values of 
compressive strength. The maximum 
deviation when computed by Eq. 2 was 
570 psi. but for strengths not higher than 
3500 psi. the maximum was 260 psi. 
When compressive strengths up to 
3500 psi. were computed by Eq. 3 the 
maximum deviation was 470 psi. but for 
strengths not higher than 3000 psi. the 
maximum was 230 psi. 

This indicates that considerable lack 
of precision is to be expected in concrete 
having compressive strength above about 
3500 psi. Equation 3 is best suited for 
computing compressive strengths below 
about 3000 psi. and Eq. 2 for strengths 
above this value. 

In these computations the specimens 
of mix No. 6, containing crushed aggre- 
gate, were included. Inspection of Fig. 
2 indicates that pull-out strengths for 
this mix were slightly higher for cor- 
responding compressive strengths than 
were found for the uncrushed aggregate, 
the indicated deviations being equivalent 
to about 200 psi. The use ofa correction 
factor estimated for angularity probably 
would improve the precision of computed 
compressive strengths. 

The data, therefore, indicate that in 
concrete of not over 3500 psi. the true 
compressive strength can frequently be 
estimated with greater precision by 
means of pull-out tests of bars embedded 
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in the structure than by separately cast 
compression specimens. 
4 


APPLICATION ON THE JOB - 


The studies reported herein did not 
include pull-out tests of rods embedded 
in actual structures. It is contemplated 
that the bar would be inserted in a 
horizontal position through the forms 
and be fixed in place by methods similar 
to those used in the laboratory tests. 
The test would be made by attaching a 
dynamometer or gage-equipped hydrau- 
lic jack to the threaded end of the pull- 
out bar. It is obvious that the con- 
stants given in Eq. 2 and 3 will not be 
applicable unless provisions to prevent 
unequal bearing are made to an extent 
equivalent to those of the laboratory 
tests. The form in the region of the bar 
should be at least as nearly plane as that 
of plywood. The use of a thin gasket 
between the concrete and the testing 
device is recommended. 

The test bars should be located with 
sufficient clearance from reinforcing steel, 
preferably not less than 3 in. Incon- 
spicuous locations, such as the inner 
faces of beams and girders, could usually 
be selected for test. The holes left by 


_the test could be patched with mortar. 


It should be pointed out that this 
study did not include the effect of 
partial drying of the concrete. It is 
recommended, therefore, that if tests 
are made after wet curing has been dis- 
continued, the concrete surrounding the 
test area be previously saturated with 
water. 

Best results are obtained in concrete 
having a compressive strength of not 
over 3500 psi. The assurance, however, 
that strengths up to such a value have 
actually been attained will, in general, 
fulfill the needs outlined in the intro- 


duction. 


wl CONCLUSIONS 


Pull-out tests can be reproduced 
within limits that are nearly as close as 
for compression tests. 

A high degree of correlation exists be- 
tween pull-out and compression tests. 


? 
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Data from laboratory tests indicate 
that the pull-out test can be applied to 
concrete in structures with less error in 
estimating actual compressive strengths 
that are not above about 3500 psi. than 
is often obtained through the use of test 
cylinders. 
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SOME PROPERTIES OF CONC RETE UNDER SUSTAINED COMBINED 
STRESSES 
By C. Martin Duke! AND HaARMER E. Davis! 


SYNOPSIS 


The paper presents the results of laboratory investigations on the creep of 


concrete under combined stresses. 


16-in. cylinders, using three different ratios of axial to lateral stress. 
tion, some tubular specimens were tested in torsion. 


Most of the tests were conducted on 8 by 


In addi- 
Supplementary tests 


were made to study the effect of pore pressure on strength of concrete under 


combined stresses. 


A method is tentatively advanced for estimating the approximate magnitude 
of creep under combined stresses from the results of measurements of creep 


under simple axial compression. 


When applied to the results of the tests here- 


in presented, the method gives estimated creeps which are reasonably close to 


the measured creeps during the first few weeks after loading. 


It is thought 


that changes in cement gel structure induced by the applied water pressure 
may be responsible for differences in estimated and measured — at later 


times. 


During the past twenty years consider- 
able information has been developed on 
the creep or plastic flow of concrete 
under axial compression and some in- 
formation has been developed on creep 
or flow under axial tension. Relatively 
little work appears to have been done in 
connection with the creep of concrete 
under sustained triaxial loading. The 
tests described in this paper were con- 
ducted in the Engineering Materials 
Laboratory of the University of Cali- 
fornia, for the purpose of securing some 
data on the axial and lateral deforma- 
tions which occur in concrete under sus- 
tained combined loadings. 

The authors desire to acknowledge the 


1 Instructor in Civil Engineering and Associate Profes- 


sor of Civil ag ring, respectively, University of Cali 
fornia, Berkeley, Calif. 


continued and enthusiastic support of 
Prof. Raymond E. Davis, Director of 
the Engineering Materials Laboratory, 
University of California, in the planning 
and conduct of the studies on the creep 
of concrete under sustained load. Ap- 
preciation also is expressed to Prof. J. W. 
Kelly for his supervision of the tests on 
sustained torsional loading, and _ to 
Messrs. C. Bates, R. Cayot, A. Cooke, 
J. Geyer, K. Kettner, S. Lee, H. Louie, 
I. Poulsen, R. Woodbury, former stu- 
dents in the College of Engineering, for 
their very considerable contributions to 
the work of testing in a number of its 
phases. 


SCOPE OF ‘TESTS 

The majority of the tests described 
herein were conducted on 8 by 16-in. 
concrete cylinders subjected to sus- 
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tained triaxial loading. The object of 
these tests was to obtain the axial and 
lateral creep characteristics of concrete 
under various load combinations. 
Strain measurements were made in some 
cases both parallel and normal to the 
logitudinal axes of the test cylinders by 
means of electric strainmeters; in other 
cases (under simple axial load and under 
no load) longitudinal surface strains 
only were measured by means of a ful- 
crum-plate strain gage. The concretes 
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be considered as those of a composite 
investigation. In this. group of tests 
there were involved 13 test specimens, of 
which 7 were subjected to sustained 
load and 6 were used to indicate length 
changes due to causes other than load. 

Supplementary to the tests of series 35, 
there was conducted a limited investiga- 
tion of the strength of concretes under 
triaxial compression. These tests were 
made to provide some information on the 
relative strength of partially dry and 


TABLE I.—SUMMARY OF TEST CONDITIONS FOR CREEP TESTS OF CONCRETE UNDER SUSTAINED 
TRIAXIAL LOADING. SERIES 35 AND 36. 


Applied Period Method of Strain Measurement 
Stress Age over 
Se; | Specimen |Load- Load Axial Storage? 
—| ries ing, Sus- 
mer days | tained, Lateral 
Axial a days Surface Internal 
500 0 | 35 | No. 2 7 99 Strainmeter4 Strainmeter 95% 
300 | 0} 35 | No. 3 7 99 Air at 95% 
F. P. Gage’ R.H. 
500 | 0 36 | No. 9 10 63 | Strainmeter Strainmeter | Water 
500 | O | 36 | No. 10 10 6 Water 
500 | 250 35 | No. 1 7 99 | Strainmeter Strainmeter | Water 
500 | 250 36 | No. 8 10 66 | mine Strainmeter | Water 
250 250 | 36 | No. 11 10 66 | Strainmeter | Water 
| | 
of 0| 35 | No. 4,5 | F.P. Gage F. P. Gage Aig at 95% 
0 0 35 | No. 6,7 F. P. Gage F. P. Gage Water. 
0 0 36 | No. 12, 13 F. P. Gage ne Water 


a Stress in 8 by 16-in. cylinders computed from applied loads. 


” Same concrete mix peapertem, but different lot of cement used in Series 35 and Series 36. See Table II for details. 


°F. P. Gage = 10-in. fu 
lines 120 deg. apart around circumference of cylinder. 


crum-plate or Whittemore-type strain gage applied to gage plugs cast in concrete on 3 gage 


4 Carlson electric strainmeter. See Fig. 1 for placement and leads. . : 
* Storage temperature 70 F. All test specimens covered with rubber (29 gage, dam stock) jackets. Specimens of 
series 36 covered also with lead foil. All covering proved ineffective in preventing passage of moisture over period of 


tests. 


! Control specimens, Nos. 4, 6, 12,13, were $-in. by 16-in. cylinders; Nos. 5 and 7 were 12-in. cubes. 


were, in effect, in a saturated condition 
in these tests. The loads were applied 
7 or 10 days after casting the concretes 
and were sustained for 2 to 3 months. 
The detailed conditions of test for 
series 35 and 36, on the creep of concrete 
under sustained triaxial loading, are 
given in Table I. The tests of series 36 
were made to provide a check on the 
findings of series 35 and are essentially 
a duplication of the earlier series. For 
the purpose of this paper, the results will 


saturated concretes as it may be affected 
by pore pressures. In these experi- 
ments there were tested to failure, at 
age 28 days, 128 3 by 6-in. cylinders. 
For each condition of test, several speci- 
mens were subjected to constant lateral 
pressure, while the axial load was in- 
creased to cause failure. The lateral] 
pressures employed ranged from 0 to 
900 psi. The specimens of one group 
were moist cured for 28 days, saturated 
at time of test, and in direct contact with 
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the water in the testing ch: mber during 
loading. The specimens of the other 
group were moist cured for 21 days, 
stored in air of 50 per cent relative 
humidity for 5 days, and then coated 
with two coats of a heavy moisture- 
resistant lacquer. Details of the test 
conditions are summarized later in 
Table III in connection with discussion 
of the test results. 

In addition to the principal series of 
tests on cylinders under triaxial loading, 
a number of exploratory experiments 
were carried out in which the applied 
loads induced primary or pure shear. 
The results of the most important group 
of these experiments, some tests on con- 


For the sustained load tests under 
triaxial compression, a special apparatus 
was designed, the principal features of 
which are shown schematically in Fig. 1. 
The container is a steel cylinder, suf- 
ficiently large to hold an 8 by 16-in. 
concrete cylinder under test. A special 
feature of the apparatus is a spun-brass 
sylphon bellows, which was used as a 
flexible seal around the lower end of the 
piston used to apply axial load. This 
seal obviated the necessity for a packing 
gland, and hence (1) permitted the prac- 
tically free transmission of load from 
an external spring to the specimen 
(since the load required to deform the 
bellows for a considerable range was 


TABLE II.—SUMMARY OF CONCRETE MIX DATA. 


| Ages | Maxi 
ggre- Maxi- 
est [Cement | | Sand, | hump 
Group Cement Aggregate Ratio, Ratio, Der 
by.” | | 
weight 8 in. 
— - | | —-|— - — 
Sustained Conese Calaveras Niles sand and smooth 7.0 0.62 | 1% 38 2 
(8 by 16-in. cylinders | Type I Fair Oaks gravel | 
35 and 12-in. cubes) . 
Compressive strength | Calaveras Niles sand and smooth 4.0 0.48 | &% 50 % 
(3 by 6-in. cylinders) | Type I Fair Oaks gravel 
| 
36 f Sustained Compression) Santa Cruz | Niles sand and smooth 7.0 | 0.62 1% 38 2 
\| (8 by 16-in. cylinders)! Type I Fair Oaks gravel 
Sustained torsion | Santa Cruz | Antioch and Monterey 5.6 {| 0.53 |} ;.¥ 
33 (tubes 29% in. long, | Type I | Sands, Smooth Fair ~~ + 4% 44 | 3 
9in.O.D.,6in.1.D.) | | Oaks Gravel 4.7 0:50 |f | 3 


crete tubes in torsion, are summarized 
briefly in this paper. ‘Tubular specimens 
having an outside diameter of 9 in., a 
wall thickness of 1} in., and a length of 
29} in. were subjected to torques which 
caused extreme fiber stresses in shear of 
50 and 100 psi. Three tubes were tested 
in air at 95 per cent relative humidity 
and four in air at 50 per cent relative 
humidity. Details of the conditions of 
test are summarized later in Table 1V 
in connection with discussion of the test 
results. 


MATERIALS, APPARATUS, AND METHODS 
oF TESTING 
Concrete mix data for the several 
series of tests are given in Table II. 


small compared with that of the load 
applied), and (2) eliminated the leakage 
which occurs over a long period of time 
with the ordinary packing gland, and 
presents a serious problem in tests of 
this sort. 

During test, the axial load was sus- 
tained by means of a calibrated com- 
pressed helical car spring. The space 
surrounding the specimen within the 
container was filled with water, and 
pressure was applied to the water and 
sustained by compressed air in an 
auxiliary vessel or pressure dome. When 
necessary, compressed air from an out- 
side source was admitted to the pressure 
dome. 
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In an attempt to prevent gain or loss 
of water from the concrete, the speci- 
mens in series 35 were covered with 
rubber jackets. Because these were 
found to be largely ineffective, in series 
36 sheets of lead foil were laid on the 
surfaces of the concrete cylinders under 
the rubber jackets. Over a long period 
of time it was found that this expedient 
also was not entirely effective, owing to 
poor sealing at joints. Thus, the jacket- 
ing impeded but did not prevent the flow 
of moisture to or from the concrete. 


as 6-in dhameter 
3-/in cor spring 
threaded rods- 
£nd of piston sealed 
commercial spun- 
Filled with | 72 bellows 
8 by cylirdrica! 
/2-4%-in specimen sealed in 
threaded rods” | rubber jacket 
)-/0-in standard black 
Sstee/ pipe sealed af 
_ ends by rubber gaskets 
Pipe to pressure Spec ymen grouted to 
dane compre. hase plate with neat 
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ar supply tine, 
= Leads from Carlson 
electric strain meters 


Fic. 1.—Triaxial Loading Apparatus. 


To the test cylinders subjected to 
axial load only, load was applied by 
calibrated compressed car springs in a 
rig composed of steel rods and plates. 
In series 35, the axially loaded cylinders 
were covered with rubber jackets and 
stored in air of 95 per cent relative 
humidity. In series 36, the axially 
loaded cylinders were covered with lead 
foil and rubber jackets and stored in 
an open tank of water. 

Corresponding to the loaded test 
specimens of each series, control speci- 
mens were jacketed and maintained 
either in air at 95 per cent relative 
humidity or under water. All test 
specimens were maintained at a tempera- 
ture of 70 F. The concretes were 
saturated at beginning of test. 

Surface strain gage measurements and 
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measurements by means of specially 
built, short gage length Carlson electric 
strainmeters were taken as indicated in 
Table I. The location of the internal 
strainmeters and the way in which the 
leads were conducted from the com- 
pression chamber are indicated in Fig. 1. 

For the supplementary tests to deter- 
mine strength of concrete under triaxial] 
loading, the loading chamber consisted 
of the cylinder and plunger of an 8-in. 
diameter hydraulic jack. A test speci- 
men was placed in the chamber of the 
jack. Axial load was applied through 
the piston of the jack by means of an 
ordinary testing machine. Lateral pres- 


sures were applied and maintained by 


means of a hand pump. 

In the torsion tests, one end of a tube 
was fixed in position relative to the floor 
by braces and clamps. On the free 
end was clamped a steel band to which 
was fastened a lever. Weights on the 
end of the lever arm supplied a sus- 
tained load. The specimens rested on 
a smooth floor and could roll slightly as 
twisting took place. ‘The angles of twist 
were measured by means of a specially 
made gradienter, which contained a level 
tube sensitive to 5 sec. of arc. The 
gradienter was applied to two collars 17 
in. apart on each specimen to give the 
difference in rotation of the collars. 


The symbols to be used in connection 
with presentation of test results are 
defined as follows: 

71, = major, intermediate, and 

minor principal stresses 
respectively; in the 
testson cylindrical spec- 
imens, a, was the axial 
stress. 


a4 = axial stress in a cylinder 

under simple axial load. 

7 = maximum shear stress in 

} state of pure shear. | 
un = Poisson’s ratio. 
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Triaxial Creep Tests: 

The results of the tests of series 35 
on concrete cylinders subjected to sus- 
tained loads are summarized in Fig. 2. 
The diagrams show the total axial and 
lateral strains for both (a) an axial 
stress of 500 psi. (0, = 500 psi.) and 
no lateral stress (2 = o3 = 0), and (0) 
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Fic, 2.—Axial and Lateral Strains Under Axial 
and Triaxial Loads—Series 35. 

Specimens, 8 by 16-in. cylinders. Aggregate, sand and 
gravel. Fineness modulus = 5.67. Type I cement. 
Aggregate-cement ratio, a/c = 7.0 by weight. Water- 
cement ratio, w/c = 0.62 by weight. Curing, 7 
days moist at 70 F. Age at loading7 days. After load- 
ing, specimens 2 and 3 stored in air at 70 F. and 95 per cent 
relative humidity, specimen No. 1 stored under water at 
70 F, Jackets, 29-gage rubber dam. 
an axial stress of 500 psi. (0, = 500 psi.) 
and a lateral stress of 250 psi. (a2 = 
3 = 250 psi.). 

The observed deformations for speci- 
mens Nos. 2 and 3, which were stored in 
air, were corrected for shrinkage as 
determined from observations on cor- 
responding unstressed control specimens. 
These control specimens indicated shrink- 


ages of 50 millionths vertically and 60 
millionths horizontally after 99 days of 
exposure under the ambient conditions. 
The water-stored control specimens 
showed no appreciable movements. 

The difference in behavior of two com- 
panion specimens (Nos. 2 and 3), as 
measured by surface strains is indicated 
by the plotted points at the top of the 
figure. ‘The difference between the sur- 
face and internal strain measurements 
for specimen No. 2 is also shown. The 
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Fic. 3.—Axial and Lateral Strains Under Axial 


and Triaxial Loads—Series 36. 

Specimens, 8 by 16-in. cylinders. Aggregate, sand 
and gravel. Fineness modulus = 5.60. Type I cement. 
Aggregate-cement ratio, a/c = 7.0 by weight. Water- 
cement ratio, w/c = 0.62 by weight. Curing, 10 
days moist at 70 F. Age at loading, 10 days. Storage 
after loading, under water at 70 F. Jackets, lead foil 
and 29-gage rubber dam. 
position of the curve representing the 
average axial strains for the simple 
axial load condition has been estimated. 

The results of the tests of series 36 are 
summarized in Fig. 3. The diagrams 
show total axial and lateral strains for 
(a) o, = 500 psi., og = o3 = 0; and 
lateral strains for (6) o, = 500 ps1, 
o2 = o3 = 250 psi.; and (c) 0, = o2 = 
o3 = 250 psi. All specimens in this 
series were stored under water, and the 
growth of the unstressed control spect 
mens was of negligible magnitude. 
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Strainmeter readings on some of the 
specimens gave rather erratic results 
during the application of load, although 
all later readings gave results which 
checked closely with surface strains and 
gave consistent comparisons between 
the several conditions of loading. There- 
fore, in presenting the data, there have 
been shown only the fofal strains begin- 
ning one day after loading. 

From a general examination of the 
data shown in Figs. 2 and 3, the follow- 
ing observations are made: 

1. Under the axial load alone, creep 
occurs laterally as well as axially, and, 
based on total strains, the Poisson’s 
ratio effect under sustained load was 
about % for these tests. 

2. For comparable testing conditions, 
the creep characteristics of the concretes 
in both series of tests were practically 
identical, as may be seen by comparing 
the data for specimens 1 and 8, for 
which o; = 500 psi. and o2 = 03 = 250 
psi. From this it is concluded that the 
creep characteristics were not appreci- 
ably influenced by whatever differences 
may have existed in the composition of 
the cements. Both cements were AS. 
T.M. type 12: 

3. The axially loaded specimens of 
series 35 (Fig. 2) exhibited appreciably 
greater creep longitudinally and slightly 
less creep laterally than the correspond- 
ing specimens of series 36 (Fig. 3). 
This behavior is attributed primarily to 
the difference in moisture conditions 
rather than to differences in the cement. 
As previously indicated, the axially 
loaded specimens of series 35 were sub- 
ject to some degree of drying, while all 
others were maintained fully saturated. 

4. For the concrete cylinders subjected 
to the same axial load, existence of a 
lateral pressure caused a marked de- 
crease in longitudinal strain and caused 


P *See Standard Specifications for Portland Cement 
§ =~ 42), 1942 Book of A.S.T.M. Standards, Part II, 
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lateral compressive strains exceeding the 
lateral extensions due to the Poisson’s 
ratio effect under axial load only. 

5. Under equal triaxial pressures (hy- 
drostatic loading), the total strains 
ceased increasing and began to decrease 
after about three weeks under load. 


Prediction of Creep-Time Relationship 
for Triaxial Stress: 

Based upon an analysis of the data, 
the following procedure is tentatively 
proposed for estimating the aproxi- 
mate magnitude of creep under triaxial 
stresses from the results of tests to deter- 
mine creep under simple axial compres- 
sion. ‘The assumptians involved are: 

1. The total strains (elastic + creep) 
are proportional to the magnitudes of the 
sustained stresses. Earlier work on 
creep of concrete under sustained axial 
load has indicated that this is a fair 
approximation for stresses in the work- 
ing range, and has led to the concept of 
a “sustained” modulus of elasticity. 

2. The Poisson’s ratio effect is con- 
stant and the ratio holds for total strains 
under sustained stress as well as for 
strains which occur under relatively 
rapid loading. ‘The tests herein reported 
as well as scattered previously obtained 
data, indicate that this condition is 
closely satisfied (see Figs. 2 and 3). 

The effect of these assumptions is to 
permit the use of the basic equations of 
elasticity for determining the strain- 
time curve for any state of sustained 
stress. From these considerations it 
may be shown that the ratio, Ry, of 
the axial strain in a cylinder under 
triaxial stress to the axial strain in a 
cylinder subject to simple axial aa is: 


TA TA CA 


am 
The notation is as defined previously. 


If o, = 500 psi., += = 500 psi., o2 = 
o3 = 250 psi., » = 3, then Ry = 2; 
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that is, the axial strains at any given 
time after loading, in a cylinder under 
the given triaxial stresses, are ? of those 
of the axially loaded cylinder with which 
the comparison is made. E -quations 
may be similarly written for other con- 
ditions. For example, the lateral strain 
ratio, R,, for the triaxial stress condition 
above specified is }. The axial or 
lateral strain ratio, R4 = R_, for hydro- 
static pressure, 7; = o2 = o3 = 250 psi. 
(o, = 500 psi.) is 4. 

In Fig. 4, the broken lines which have 
been plotted represent these ratios with 
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Fic. 4. -Comparison of Observed and Computed 
Strains Under Axial and Triaxial Loads. 


Theoretical curves are drawn on assumption that Pois 
son’s ratio is 1/6 for both elastic and creep strains 


respect to the axial strains in an axially 
loaded cylinder stored under water, 
and therefore represent estimated strains 
for the stated triaxial load conditions. 
Their approximation to the correspond- 
ing observed strains is reasonably close 
for the first month or so under load, and 
in consideration of the errors involved 
in analysis where data of this sort are 
used, the estimated values would prob- 
ably be good enough for practical pur- 
poses in a number of situations. 

One outstanding fact to be noted, in 
F- comparison between the observed and 


computed strains plotted in Fig. 4, 


894 DUKE AND DAvISs 


that the observed strains tend continu- 


ously to become less than the strains 
estimated from the axial load data, and 
the divergence becomes greater with 
time under load. The specimen subject 
to hydrostatic load, as indicated previ- 
ously, actually began to expand after 
about three weeks under load. 

It is of interest to speculate on the 
cause of this behavior. In the concept 
of the gradual development of pore 
pressures within the concrete, considered 
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Fic. 5.—Effect of Lateral Stress on Strength of 
Concrete Cylinders 


Specimens, 3 by 6-in. cylinders. Aggregate, sand and 
gravel. Fineness modulus = 4.44. Type I cement 
Aggregate-cement ratio, a/c = 4.0 by _ weight. 
Water-cement ratio, w/c = 0.48 by weight. Curing at 
70 F.: saturated specimens 28 days moist; partially dry 
specimens 21 days moist, 5 days in air at 50 per cent 
relative humidity, then sealed with two coats lacque 
Age at loading, 28 days. 


to be, in effect, a granular mass, lies one 
possible explanation. 

Another possible explanation lies in 
the concept that the volumetric equilib- 
rium of the cement-gel is a function of 
what may be loosely termed the “am- 
bient moisture back pressure.” ‘Thus, 
if the stress due to load is sufficiently 
high, water is expelled from the gel 
structure of a loaded concrete mass, and 
the mass will decrease in volume until 
the vapor pressure of the surroundings 
plus the forces of adsorption on the 
water in the pores of the gel, due to 
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molecular attraction, are in equilibrium 
with the forces tending to cause flow of 
the water. The greater the back pres- 
sure of the external water supply the 
greater the potential gel volume at 
equilibrium, and also the less rapid the 
expulsion of water from the gel mass 
under any given mechanical pressure 
applied to the mass. It is then con- 
ceivable further that as water under 
sufficiently high pressure permeates a 


TABLE III.—STRENGTH OF 3 BY 6-IN. CYLINDERS 
UNDER TRIAXIAL LOADING. 


| 


ait Moisture Se 
Condition of | | Bs 
tress | Speci of i 
s | opecimenat / Fi. on 
psi. | Test oul § 
| (25/22) 22| | 
| 5%) 58/58) 
Zz Zz a 
0.....| Saturated | 9 19 3 | 5690 
Partially dry | 6 % 2 | 6610 |920 
100... Saturated | 4 8 3 | 6130 
192.....| Saturated 5 1 | 6630 | 
200..... Partially dry 3 5 0 | 7000 |370 
300..... Saturated | 5 14 5 | 7250 
400..... Saturated 3 13 3 | 7420 
Partially dry 4 8 3 | 8130 |710 
500.....} Saturated 4 12 3 | 7720 
oe Saturated 1 4 1 | 7630 
600..... Partially dry 2 6 0 | 8130 |500 
700... Saturated 4 8 2 | 8320 
800. .... Saturated 2 4 0 |, 8300 
Partially dry 2 4 0 | 8670 |370 
900.....| Saturated 2 5 1 | 8220 
Partially dry 2 5 1 | 8380 160 


; See Fig. 5 for details. 
Due to large deviation from mean. 


mass already consolidated to a volume 
smaller than the equilibrium volume for 
the given back pressure, expansion will 
take place. 


lriaxial Strength Tests: 


In Table III and Fig. 5 are shown the 
results of rupture tests under triaxial 
compressive stress on 3 by 6-in. concrete 
cylinders 28 days old. At time of test, 
92 of the specimens were saturated and 
36 were partially dry. 


Based on the material in Table III 
and Fig. 5, the following observations 
are made: 

1. Application of lateral stress in- 
creased the axial rupture stress by about 
23 times the amount of the lateral stress. 
This ratio is roughly the same for 
saturated and partially-dry specimens. 

2. Axial strength under no lateral pres- 
sure was greater for the partially dry 
than for the saturated specimens, even 
though the saturated specimens had the 
advantage of 7 extra days of moist curing 
(see Fig. 5). The difference in strength 
here observed seems to decrease slightly 


TABLE IV.—CREEP IN SHEAR AFTER 50 DAYS 
UNDER TORSIONAL LOADING. 


is Observed Shear 
Mix? Strain, 

of 
Storage 

ae 

a | | ola 
100 | No.1 | 70 F. 5.6] 52 | 72 | 124 
190 | No. 2 | Air at 0.50}5.6) 35 82 | 117 
100 | No.3 |) 95% R.H. 50 | 14] 64 
50 | No.4 \ 70 F 0.53|5.6| 92 | 240 | 332 
50 No.5 | Ai t 0.50]5.6] 42 | 95 137 
50 | No.6 |f 50% RH 0.50]4.7] 70 | 35 | 105 
100 | No.7 |} as \10.50/5.6] 80 | 280 | 360 


“Computed from conventional torsion formula. 
Loads applied at age 7 days. 
Fineness modulus = 4.80. See Table I for slumps. 


with increasing lateral pressures as in- 
dicated by the curves in Fig. 5 and the 
values in the last column of Table ITI. 
A possible explanation of the difference 
in strength of saturated and partially 
dry specimens lies in the supposition 
that a state of triaxial stress exists in a 
saturated specimen under no applied 
lateral pressure. Rapid application of 
axial compressive stress may induce 
pressure in the pore water and a conse- 
quent lateral tension in the concrete. 
Thus a specimen with little or no pore 
water, but of the same mix and curing, 
might be expected to possess higher 
resistance to purely axial load. When 


| 
| 
r 
e 
e 
d 
| 
| 
| 
= 


896 DUKE AND Davis 


sufficient lateral pressure to overcome the 
lateral tension has been applied to a 
saturated specimen, it would be expected 
that the axial strength would be the 
same as the axial strength of a partially 
dry specimen under no lateral stress. 
Beyond this point, increase in lateral 
pressure would cause the same increase 
in axial strength in both partially dry 
and saturated specimens. 


Torsional Creep Tests: 


Results of sustained torsion tests on 
seven concrete tubes are shown in 
Table IV. Load was applied at age 7 
days, and the shear strains are shown 
for age 57 days. 

Examination of Table IV leads to the 
following comments: 

1. Shear creep was greater in dryer 
specimens and was increased by increase 
in stress, water-cement ratio, or aggre- 
gate-cement ratio. Except for the ob- 
served increase with aggregate-cement 
ratio, which may be in error, shear creep 


appears to have the same general prop- 
erties as creep under tensile or compres- 
Sive stresses. 

2. The numerical value of shear creep 
was of the order of twice the compres- 
sive creep that would have occurred 
under a compressive stress of the same 
magnitude as the applied shear stress. 
This permits an application of the 
method proposed for estimating the ap- 
proximate magnitude of creep under 
triaxial stress, for a state of pure shear 
may be created by equal, perpendicular 
direct stresses. For example, ifo, = 100 
psi., 7 = 100 psi., w = 4, the shear-strain 
ratio is given as 


Rs = 201 + ») — = 7/3; 
CA 


that is, the shear strain at any given time 
after loading is estimated to be about 
twice the axial compressive strain in the 
axially-loaded cylinder with which the 
comparson is made. 
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THE EFFECT OF DISCONTINUITIES OF THE NATURAL FREQUENCY 


OF BEAMS 
By Pur G. Krrmser! 


It has frequently been found that the correlation between loss in modulus 
of rupture and loss in modulus of elasticity as determined by the dynamic 
method is not very good. 

Since the poorest correlation has occurred for beams with cracks, the effects 
of changes in cross-section and changes of material on the natural frequency 
were studied by application of Rayleigh’s method for determining the natural 
frequency to two special cases: 

1. A beam with one crack of varying widths and depths at the center 
2. A beam of many sections. 

_ The theoretical treatment was followed by experimental verification of the 

theory, using cast iron beams machined to size. 

It was found that the effect of a crack on the natural frequency is almost 
negligible, and that for a many-section beam satisfying certain conditions the 
frequency is the same as that of a beam of uniform cross-section with identical 
average properties. 

The results can be applied to the interpretation of the behavior of concrete 
beams subjected to accelerated tests, and indicate that a loss in modulus of 
elasticity determined by means of vibrations always indicates deterioration, 
though the type and extent of this deterioration are not certain. 


In the past few years the modulus of 
elasticity determined by means of vibra- 
tions has been used as a measure of de- 
terioration of concrete beams subjected 
to accelerated tests of various types 
(1, 2, 3, 4, 5, 6).? 

The deterioration appears to be of two 
main types: 

1. That characterized by weakening 
of the cement paste, the bond, or the 
aggregate, or combinations of these 
failures. Such deterioration is usually 


‘Instructor, Kansas State College of Agriculture and 
Applied Science, Manhattan, Kans. 

*The boldface numbers in parentheses refer to the 
reports and paper appearing in the list of references 
appended to this paper, see p. 904. 
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encountered in  freezing-and-thawing 
tests. 

2. That characterized by the develop- 
ment of a few cracks. This type is often 
encountered in wetting-and-drying tests. 

Attempts have been made to correlate 
the loss in modulus of elasticity deter- 
mined by the natural frequency method 
with other properties, notably the loss 
in modulus of rupture (3, 5). The corre- 
lations obtained have not always been 
very good, the correlation being poorest 
for beams with type 2 deterioration, and 
those made of mortar. The best corre- 
lations were obtained in the case of beams 
with type 1 deterioration. Since largest 
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discrepancies occur for the deterioration 
characterized by a few cracks, it is well 
to investigate the effect of cracks of 
various numbers, depths, and thicknesses 
on the natural frequency of a free-free 
beam. Of the methods of calculation 
available for this problem, which are 
direct calculation from the differential 
equation, the Stodola method, the Ray- 
leigh method, and its modification the 
Ritz method, the most practical is the 
Rayleigh method (7, 10). 

In order to simplify the problem, the 
case of a free-free beam with one crack 
of varying width and depth at the center 
will be considered first. The potential 
energy of a deflected beam is given by: 


Pot = - ET { - (1) 
2 5x? 


and its kinetic energy by: 


1 Ay 
Kin (2) dx,...... (2) 


where: 

E = modulus of elasticity, 

I = moment of inertia, 

1 = length of beam, 

A = area of cross-section, 

y = weight per unit volume, 

-g = acceleration of gravity, 
y = ordinate of dynamic 

curve, 

x = abscissa, length along beam, and 

= time. 


deflection 


Since energy must be conserved, the 
maximum potential energy must be equal 
to the maximum kinetic energy, or: 


1 [ Ay (2 2 
— {— } dx 
lo 
i 
El dx... (3) 


If the vibration is harmonic, 
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where w is the frequency in radians per 
sec. and y is the dynamic deflection curve 
at its greatest deflection, and Eq. 3 
becomes: 


1 Ay d?y\2 
— wydx = - EI dx . .(5) 
2h 8 2 Io dx? 


which can be solved for w, and thus for 
the frequency /, since: 


The difficulty with this method is that 
y(x) is usually not known. If the dy- 
namic deflection curve is known, the 
solution for f is exact. ‘The accuracy of 
this method depends, then, on the accu- 
racy with which y is known. 

An excellent approximation in most 
cases is that the dynamic deflection curve 
is the same as the static deflection curve. 
The static deflection curve can be calcu- 
lated conveniently by the moment area 
method (8). ‘The beam is taken as being 
simply supported at the ends, as in Fig. 
1. With the axes located at the mid- 
point of the beam, the moment equa- 
tion is: 


M 


| 

~ 


where: 


M = bending moment, and 

w = weight per unit length. 

EI diagram for this beam is given in 
Fig. 2. The deflection equation for this 
beam becomes: 


The 


R fwl? wxr\2 
= (R — x) dx. .8) 
EI J, \8 2 


where: 

x« = variable distance along the beam, 
and 

abscissa for which y is the deflec- 
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Fic. 1.—Beam Simply Supported at Ends. 


M 2 2 
or wx 


6é 2 
(6) 


Fic. 2.—Moment Diagram for Simply Supported 


Beam. 

at 

y If there is a crack at the center of the 
7 Y beam, the expression for the bending 
Xs moment Eq. 7 will not be changed, since 
= the weight of the beam is not changed. 
ost The Fi diagram, however, will appear 
20% as that of Fig. 3. The center portion 
oo adg of the curve is not known definitely 
es since the stress distribution around the 
“0 crack is not known. ‘This portion is re- 


placed by curve bcef of an equal area, 
4 having the width cA where c is a propor- 
92 tionality factor. Correspondingly, the 


ad deflection equation is given by 
M 
.(7) y= | (R — x) dx 
EL 
cA { Mreo M 
— —— 
+9 (z= EI ) 
where: 
sate A = width of crack, 
| EI, = stiffness at the crack, 
this EI = stiffness of beam other than at 


the crack, and 
Mr 9 = moment as a function of R. 


The integration of Eq. 9 gives: 


EI 16 24 


16 Ecle EI 
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\ssuming that y is a good approximation 
for the dynamic deflection curve, the 


899 


potential energy contained in the beam 


at maximum deflection is: 


1 f2 1 wR 
pot = 215 


CAM 


Integrating Eq. 


.. (11) 


11 and neglecting 


terms of higher order, the expression i 
the potential energy becomes: 
1 
Pot = 0.004167 w?/ | — 
wltcA 1 


The expression for the kinetic energy of 


the beam when the potential energy is 
ZeTO iS 
l 
Ayw? [ we wR 
Kin = —— 
g Jo |  24EI 


cAwl? 1 1 
—— | — R. 


where @ is the vertical a oe 
the deflection equation, since the beam is 
not pin ended and the deflection curve 
must be displaced vertically so that the 
nodes are no longer at the ends of the 
beam (@ = O for a pin-ended beam). 
The value of @ for a free-free beam will 


/ 


Fic. 4.—Beam With Crack at Center. 
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be such that the kinetic energy will be a 
minimum. 

Equation 13, on integration and min- 
imizing, becomes 


A 2 
= —™ (0.010417 + 0.01042 


+ 0.00278 a?/5 + 0.002083 bkl® 
0.001190 abl? + 0.0001389 . (14) 


where: 


b w 
cAwl? m 
k = - 146” and 
1 1 


EI’ 
Now, on equating Eq. 12 to Eq. 14, 
solving for f, and simplifying, 


For the special case of a cast iron 
3 beam, 1 by 2 by 12 in., vibrated flatwise, 
WwW here the beam has the following proper- 


ties: 
E = 16,650,000 psi. initial tangent 
modulus, 
+ = 0.258 lb. per cu. in. 


g = 386.04 in. per sec., per sec. 


i 


7? and where the crack extends from the 
top and bottom only (see Fig. 4), Eq. 15 
reduces to: 


f = 9668.9 
1 2 


de 


1 
0.004167 +- 0.00065 104 AG 


where d, is the depth of the beam at the 


Equation 16 is plotted for various 
values of Aand d, in Fig. 10 with ¢ = 5, 
The frequency for the second mode of vi- 
bration will be the same as for a uniform 
beam without the crack at the center, 
since the crack occurs at a node which is 
an inflection point for the second mode 
of vibration. 

In order to check the theory, a cast 
iron beam was made by milling a bar of 
cast iron to 1 by 2 by 12in. The dimen- 
sions were accurate to 0.001 in. This 
beam was vibrated on the usual dynamic 
modulus apparatus to determine the 
modulus of elasticity of the cast iron. 

A crack + in. wide and $ in. deep was 
then milled from one side of the beam, 
the dimensions again being accurate to 
0.001 in. The beam was then vibrated 
as a free-free beam with supports 23 in. 
from each end, and the driver 4} in 
from one end. ‘The frequencies at 
resonance were determined for the first 
and second modes of vibration. A 


2(64)1 


(0.010417 ca m? + 0.00903 cAlmEI + 0.002048 


crack } in. deep and 1¢ in. wide was then 
milled from the other side, and the pro- 
cedure repeated until the beam was 3 in. 
thick at the crack. The results are given 
in Table I, and in Fig. 10. 

Equation 15 can be applied to other 
more complicated cases. If the crack, 
for example, is so narrow that on part of 
the down stroke the upper part takes 
compression, the vibration will not be 
harmonic, but the frequency can still be 
calculated. 


c 


1 
+ 0 10835 ca 
dc 


a. part of the crack can take compres 
on but not tension, the J, is larger than 


+ 0.294912 


| ( 
( 
a 
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16 
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if there is no interference, and hence the 
effect of the crack is less than if there 
were no interference. The effect of the 
crack with interference, then, is the same 
as the effect of a crack of lesser depth. 

If the interference is for only part of — 
the cycle, -~ of the cycle will occur 
with J, = ,}; bd.’ where d, is the depth | 
of the “ba; at the crack, and part of the 
cycle will occur with = bda* where 
da is the depth of the beam at the crack | 
plus the depth of the beam that can take 
compression. The time for each portion 


TABLE 1.—EXPERIMENTAL FREQUENCY OF A 
HOMOGE wort AM WITH ONE %-IN. WIDE 
CRACK AT THE CENTER. 


First mode | ‘Second mode 
i—d, in 
Ezperi- Calcu- | Experi- Calcu- 
mental lated mental lated? 
0 1130 1149 2953 2980 
% 1117 1130 2980 
\Y 1090 1100 2957 2980 
% 1023 1040 2930 2980 
72 928 945 2930 2980 
% 746 760 2930 2980 
74 578 495 2930 2980 
eee 189 ove 


* From Eqs. 1 to 16. By slide rule. 
By method of Goens (9). 


of the cycle to take place can be calcu- 
lated, and the results added to give the 
period for the beam with a crack that is 
so narrow that interference occurs on 
part of the cycle. 

If the beam has no crack, but has a 
narrow section of material of different 
modulus and density, Eq. 15 can still be 
applied. HJ, will then be the stiffness 
of this narrow section of material. 

For a beam of many sections, the Ray- 
leigh method is the only practical method 
available. Consider a beam of length 2n/ 
made up of repeating lengths 2/. For 
such a beam the stiffness and density 
functions can be expanded into Fourier 
series. The expansion 
into a Fourier series are so broad that 


conditions for 
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any reasonable beam can be treated in 
this manner. 


Let El(x) = by +b, cos 
+ % sin + + 


and m(x) = mo) + m, cos — 


(18) 
For a free-free beam, a good approxi- 

mation for the dynamic deflection curve 


2 
+m sin + my sin 


A 
where m = 
g 


Substituting Eq. 19 into Eq. 1, the po- 
tential energy at maximum deflection is: 


1 2nl 
pot => (6.4 + 
2 Jo l 


es... 
+ q sin + )4i(z,) sin 
The kinetic energy becomes: 


1 ont 
my + m, COS — 
2 0 


Wx \2 
+ ny sin )Ai( sin Onl 0) dx 


On iain Iq. 21 and setting the 
derivative to zero, it is found that 


= 


Kin = 


. .(21) 


gives the minimum kinetic energy. 


In order to evaluate Eq. 20 and Eq. 21, 
it is necessary to evaluate integrals of 
the following types: a 


6; cos"— sin? — dx 
0 l 2nl 


a; sin? — dx 
2nl 


5. 
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2nl 
; cos sin — 24 

mj sin = — De (24) 

2nl 

2nl 
(26 

2nl 
0 


Now, on equating Eq. 20 to Eq. 21: 


a 2nl 


the frequency of a beam of uniform cross- 
section whose stiffness and density have 
the average values for the beam with 
many sections. 


Equation 31 cannot be looked upon as 


being exact because of the three assump- 


tions involved in its derivation: 
1. The stiffness and density functions 


can be given in terms of Fourier series. 
This is very exact. 


2. The dynamic deflection curve is 


. 
by sin? — dx 


2nl 


My sin Onl ‘x x Gntj? — | mM, ax 


Upon simplification, this becomes: 


= = ¢ +8 + 


(29) 


which for large values of m and 7 reduces 
to: 


In other words, the only terms of the 
Fourier series remaining are b, and m, 
which represent the ee * values of 


the functions EJ (x) and 


From Eq. 30 the heii is found 
to be: 


2x a2 — § \2ul (Ay) ave. 


_ where L = 2nl, the length of the beam. 
This is the same as the expression for 


2 


A,(sin — -). 


This 


assumption will not hold if the beam is 
composed of sections radically different 
in size, but is a fairly good approxima- 
tion if the variations are not too great. 
The exact equation for a beam of uni- 
form cross-section is, for example 


_ 224 A EI g 
nL? Ay 


as compared with: 


given by y = 


Ay 


Obtained from the above assumption (10). 


3. Each section of the many-section 
beam acts as a beam. If the sections 
differ in size by sudden jumps this as- 
sumption is not exact. This is equiva- 
lent to assuming a stress distribution in 
the beam. 

In order to check this theory, a beam 
of cast iron was milled successively into 
the shapes indicated in Figs. 5 to 8. For 
each shape, the beam was vibrated in two 
positions as a free-free beam supported 


at the nodes: 


Wil 
fre 
wa 
cal 
val 
2nl 
4 
4 
(75 *) m 
Fig. 
com 
It 
vari 
mos 
pro} 
of u 
and 
tion 
have 
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(a) With the plane surface horizontal, 
with the plane of vibration vertical, and 

(b) With the plane surface vertical, 
with the plane of vibration vertical. 

The values of E were then calculated 
from the experimental frequency by 
using Eq. 31 and assuming that the beam 
was of the minimum constant cross-sec- 
tion loaded by the projections. This 
calculated value was compared with the 
value determined from the solid bar of 


Fic. 8.—Section D. 


Fig. 5 by actually vibrating it. The 
comparison appears in Table II. 

It is apparent from the behavior of the 
various beams that assumption 3 is the 
most inaccurate. 

The assumption made was that the 
projections acted as weights on a beam 
of uniform cross-section. For sections B 
and C for the plane side horizontal vibra- 
tion, the projections acted somewhat as 
beams, causing the whole beam to be- 
have as a beam of nonuniform section 
weighted at various points as indicated 
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in Fig. 9. As the beam action of the 
projections was reduced by the addition 
of grooves as shown in Figs. 7 and 8, Eq. 
31 held with increasing exactness. For 
the plane surface horizontal vibration of 


Fic. 9.—Beam of Variable Section with Dis- 
tributed Weights. 


1200 T 


=— 


\e 


we 


T T T 
Lowest Mode of Vibration 


38883 


| Curve 
A Width of 
- BWidth of Crack 


Dimensions of Beam \ 


SOOT /x2%x/2" Vibroted 

Flatwise 

Initial Tangent Modulus 

£+=16,650,000 psi = 
Weight of Cast Iron 

+ O258/b per cu in 

© = Experimental Values 


8 


cycles per sec 
a 


4 8 2 6 4 6 
Depth of Crack, in 

Fic. ae. Natural Frequency of a Free-Free 

Cast Iron Beam with One Crack at the Center. 


TABLE II.—A COMPARISON OF ATED 
MODULUS OF ELASTICITY OF MANY S 
TIONED BE AMS ¥ W I TH THE TRUE VAL UE 


Modulus of Elasticity, psi. X 10-* 


Section Section | Section | Section 
A B D 
Plane surface hori- 
zontal 15.75 s | 2 20.05 | 16.40 | 15.90 
Plane surface vertical] 22.00 | 19.45 | 19.15 


section D, the horizontal grooves were 
quite effective, probably because the 
transmission of shearing stress along the 
depth of the projections of the beam was 
prevented. These grooves would not be 
expected to be very effective in reducing 
the beam action of the projections with 
the plane surface placed vertically. 
This indicates that in a beam of sud- 
denly changing sections the corners are 
not very useful in carrying a load, but 
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act only as weights. It also indicates 
that for a beam with several cracks, or 
changes in section, the calculation of the 
natural frequency would be extremely 
difficult unless the stress distribution at 
the cracks or corners were known. 


CONCLUSIONS 


On the basis of these analyses, the 
following conclusions are suggested: 

1. The effect of a crack on the natural 
frequency of a beam is negligible if the 
crack is very narrow. Hence, an accu- 
rate modulus of elasticity can be deter- 
mined for such a beam. 

2. If the crack is filled with dirt or 
crystallized material, or is narrow enough 
so that interference occurs, the effect on 
the natural frequency is the same as 
that of a crack of lesser depth. 

3. For the deterioration of concrete 
beams of the type characterized by a few 
narrow cracks, the loss in modulus of 
rupture should be far greater than the 
loss in modulus of elasticity determined 
by vibrations until the cracks become 
quite deep (greater than one half the 
depth of the beam). The correlation 
between loss in modulus of rupture and 
loss in modulus of elasticity should be 
expected to be poorer for neat cement 
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MEASUREMENT OF FADING RESISTANCE OF CAMOUFLAGE TYPE 
FINISHES BY ACCELERATED WEATHERING 


One of the important characteristics 
of protective coatings is their ability 
to stand up under the conditions to which 
they will be subjected in practice. In 
particular, the most important single 
characteristic of a camouflage coating is 
its ability to retain its original color for 
a practical period of time under its con- 
ditions of use. 

In the preparation of specifications for 
camouflage coatings, the Government 
agencies have included a color retention 
requirement in 60 odd different items. 
Furthermore, it has been necessary to 
use the accelerated weathering machine 
in specifying this color retention require- 
ment, as no purchaser can wait for 
normal exposure to outdoor atmospheric 
conditions to determine the color reten- 
tion characteristics of the product sup- 
plied by the paint manufacturer. There- 
fore, these different specifications include 
an accelerated weathering requirement 
and many of them also include an out- 
door exposure requirement. The latter, 
however, has not been used in practice 
on account of the time factor mentioned. 

As the user of camouflage finishes is 
primarily interested in its resistance to 
fading upon actual outdoor exposure and 
as the method of test which has been 
used is that of accelerated weathering, 
it seems worth while to review the ac- 
curacy of the accelerated weathering 
method in comparison with direct out- 
door exposure. The work reported in 


1 Laboratory, E. I. du Pont de Nemours and Co. Inc., 
Philadelphia, Pa. 
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the present paper constitutes such a 
check. 

As a means of furnishing this check, 
comparisons were made using a camou- 
flage paint covered by Army Engineer 
Specification T-1215 A and B with its 
fading resistance requirements as in- 
cluded in T-1213-B. 

T-1215 type of paints are linseed oil 
finishes suitably pigmented and are 
supplied in nine colors as well as white 
and black. These nine colors were 
included in the study which is the subject 
of this paper. 

Under T-1213-B the accelerated 
weathering requirement permits a certain 
degree of allowable color change after 
300 hr. of exposure in the normal cycle 
of the National Carbon arc machine. 
It also specifies the same extent of 
allowable color change for 6 months 
exterior exposure. The color change 
permitted is descriptive only. ‘The 300- 
hr. accelerated cycle was used in the 
present study. Six months of 45 deg. 
south in southern Florida exposure was 
used for the exterior location. It is 
recognized that the choice of Florida 
as the exterior exposure location may be 
subject to criticism because it differs 
considerably from more northerly places 
both as to speed and type of failure. It 
was chosen, however, for two reasons: 
first, the results are less affected by the 
time of year that the exposure is made, 
and second, previous work by Subcom- 
mittee VII on Accelerated Tests for 
Protective Coatings of A.S.T.M. Com- 
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mittee D-1 on Paint, Varnish, Lacquer, 
and Related Products has established it 
as yielding results closer to accelerated 
weathering than more northerly loca- 
tions; hence, if correlation could not 
be established between the Florida ex- 
posure and accelerated weathering, there 
was little hope of obtaining correlation 
with more northern exposures. 

The most important color change 
which is likely to occur on weathering 
exposure is that of fading or a lightening 
of the color. This may also be expressed 
as increased brightness. It is true that 
changes in hue are also important but 
this paper will be confined to fading 
changes only. Parker and Scofield? state 
that a change in brightness gives an 
adequate approximation of the color 
change, particularly when dealing with 
durable pigmentations. 

Visual examination and personal rat- 
ing of test exposures are customary 
when grading results. Such a method 
may have a serious error introduced by 
the individual judgment of the observer; 
consequently, a reduction to a quantita- 
tive method of measurement by suitable 
optical apparatus is much to be desired. 
One method of making such a measure- 
ment, which is receiving active con- 
sideration, is a reflectometer equipped 
with a suitable filter. Such apparatus 
actually measures the brightness of the 
paint film. With this instrument an 
increase’ in brightness implies and actu- 
ally does give a reasonably accurate in- 
dication of fading or lightening of the 
color. 

Through the courtesy of E. F. Hickson 
of the National Bureau of Standards, 
the results presented in the present paper 
were obtained with this method of 
examination. 

The data presented are thus a direct 
comparison between the normal acceler- 


2 Official Digest, Federation of Paint and Varnish Pro- 
duction Clubs, May, 1944, p. 220. 
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ated weathering cycle of the National 
Carbon arc machine and 6 months’ 45 
deg. exposure in Florida expressed in 
terms of fading as measured by a re- 
flectometer equipped with a suitable 
filter. 

The camouflage paints used in this 
test all met the essential requirements 
of T-1215-A or B, except for actual fad- 
ing resistance. The composition of each 
of the paints in the nine different colors 
tested was varied in order to give dif- 
ferent degrees of fading resistance within 
each color and, in the case of the more 
important colors, several different varia- 
tions were made. 

The results of the exposure of these 
paints to outdoor weathering and to the 
accelerated cycle are summarized in 
Figs. 1 to 4. Here a direct comparison 
of change in brightness units is made 
between accelerated weathering and out- 
door exposure. It will be noted that the 
correlation is not a close one. Figures 
5 and 6 bring this out more clearly in 
which is shown the variations of the 
accelerated weathering unit from the 
outdoor exposure taken as standard. 

A ‘change in the length of exposure 
to either outdoor exposure or the ac- 
celerated cycle would not have improved 
this result as the cycle was too fast for 
some paints and too slow for others. In 
Figs. 5 and 6 the accelerated cycle was 
too slow for all paints below the zero 
line, and too fast for those above. 

A point of primary consideration, how- 
ever, is the extent to which the error 
introduced by the accelerated weathering 
machine is likely to affect the acceptance 
or rejection of a manufacturer’s product 
which may or may not be satisfactory as 
judged by actual outdoor exposure. 

Some conversation which we have had 
with representatives of the Engineer 
Board indicates that a permissible in- 
crease in brightness might be limited 
to about 23 points on the scale shown. 
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If we arbitrarily judge the results shown 
in the figures by this suggested require- 
ment, we obtain the following: 
Fourteen of the 34 paints included in 
the series would have been properly ac- 
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by the accelerated weathering machine 
and also rejected by actual outdoor 
exposure. 

On the other hand, this accelerated 
weathering yardstick would have in- 
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cepted or rejected by the accelerated 
“weathering machine. In this group of 
14, 3 were passed by the accelerated 
= machine and also passed by 


actual performance; 11 were rejected 


correctly rejected or accepted 10 of the 
34 paints. Of these 10 paints, outdoor 
performance showed that 6 yielded 


satisfactory results, although the ac- 
weathering 


celerated machine would 


the 
{door 
elded 
» ace 
yould 


j 


have rejected them. Similarly, the ac- 


celerated weathering machine passed 4 
paints which outdoor exposure results 
show should have been rejected. 

I wish to make one additional point 
clear and that is why we have confined 
our remarks to the National Carbon 
machine at its normal cycle, which is 
the one specified in T-1213-B. Compari- 
sons have also been made, using other 
accelerated weathering machines and 
other cycles; some of which have 
previously been reported to Subcommit- 
tee VII. Of the cycles chosen, the one 
used in this paper is at least as accurate 
as any. 

CONCLUSIONS 


1. While accelerated weathering ap- 
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pears to be a necessary part of the 
specification of products subjected to 
outdoor exposure, its accuracy as in- 
dicated by the study of T-1215 type 
finishes leaves much to be desired. 
Moreover, its use might work an un- 
justified hardship on the paint manu- 
facturer on one hand and, on the other, 
it might also result in the acceptance of 
unsatisfactory material by the purchaser. 

2. It appears desirable to supplement 
accelerated weathering specifications in 
every instance by corresponding outdoor 
requirements. Provision should be made 
that the results of outdoor exposure 
supersede the accelerated weathering 
results as soon as they become available. 
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The A.S.T.M. photographic rusting 
standards for painted steel? set up by 
Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products were 
designed “for comparative purposes,” 
primarily in rating small panels. The 
type 1 standards, in fact, are reproduc- 
tions in approximately half size of the 
surface of test panels with a weathered 
aluminum finish. The pattern of rust- 
ing is more or less circular small spots 
distributed at random. The gradation 
in severity of the rating depends on the 
number of spots and the increasing 
proportion of the total area which is 
covered with rust. 

The type 2 standards are close-ups 
taken from actual structures. They 
represent rusting accompanied by blister- 
ing. This type of failure occurs when 
paint is applied over millscale after the 
scale has begun to rust. It is frequently 
encountered in the field, but it can be 
reproduced in panel tests only by unusual 
methods of exposure. 

The A.S.T.M. standards have been 
used in our organization for routine 
grading of test fence exposures since they 
were first published. Experience with 
them has been very satisfactory. Rat- 
ings made by an inspector in Florida are 
generally in good agreement with ratings 
made independently on the same panels 
when they are returned to the laboratory 
in Pennsylvania. Before the rusting 


1 Philadelphia Lab., Finishes Div., E. I. du Pont de 
Nemours & Co., Inc. Philadelphia, Pa. 

2 Standard Method for Evaluating Degree of Resist- 
ance to Rusting Obtained with Paint on Iron or Steel 
Surfaces (D 610 - 43), 1943 Suqgiement to Book of A.S. 
T Part II, p. 


THE IN TERPRE T ATION OF VISUAL RUSTING STANDARDS 


By W. F. SINGLETON! 


standards were adopted, a qualitative — 


rating scheme was in effect, using the 
terms “slight,” “considerable,” or “bad” 
rusting. Such a scheme required per- 
sonal training of the inspector in order 
to insure some degree of reproducibility, 
but its worst feature was the connotation 
of the qualitative terms. Actually, 
when a panel had reached the stage of 
“slight” rusting, it was in such advanced 
failure that an engineer would consider 
it ready for repainting. 

To the larger body of technical men 
who are paint users rather than paint 
makers, panel tests are only incidental. 
These men are concerned with the cost 
and quality of protection which the 
paint will give on structures in service. 
The goal of panel testing should be not 
merely to compare different paint com- 
positions, but to determine the life of 
the paint on the structure. The result 
should be a quantitative figure repre- 
senting the life of the paint system in 
months or years to the stage where 
repainting is necessary. This means 
that different types of panel must be 
selected according to the general struc- 
tural features and the preparation of the 
steel for painting. The formulator must 
study several other variables beside 
paint composition. The description of 
any paint system on steel must include 
at least three items: 

1. The condition of the steel surface 
when it is painted: Steel may be covered 
with scale; it may be partly or completely 
rusted. It may have been cleaned 
by hand wire-brush or thor- 
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(a) No failure. 


44% 


(6b) Beginning of rusting. (c) Repaint stage. — 


Fic, 1.—Gradation of Rusting on Sandblasted Storage Tank. 


primed immediately, followed by two 


oughly by pickling and phosphate treat- 
ment. It may be smooth, pitted, or 
mechanically roughened. 
2. Paint composition. 
3. Thickness of the paint film. 2 
After the paint system is thus speci- 
fied, it must be exposed under conditions 
approximating actual service. When 
these conditions have been fulfilled, two 
questions arise in rating the panels: 
First, selection of a point in the rusting 
scale which corresponds to the repaint 
stage, so that the results may be trans- 
lated into economic values. Second, 
how to fit into the A.S.T.M. numerical 
rusting scale patterns of failure which 
differ widely in appearance from the 
published photographic standards. 
Figure 1 shows three sections of a 
large structure—a fuel oil storage tank— 
in varying degrees of rusting. This 
illustrates the most uniform failure which 
can be expected in practice. The paint 
system consists of sandblasted steel, 
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topcoats, with a total average film 
thickness of 4 mils. A different primer 
was applied to each section. ‘The paint 
system had been exposed 6 yr. when the 
photographs were taken. 

A close-up of a heavily rusted small 
area in Fig. 2 illustrates the type of 
failure. It is pinpoint rusting dis- 
tributed at random, as would be expected 
on a uniformly roughened clean steel 
surface. The pattern of failure cor- 
responds to the A.S.T.M. type 1 
standards. 

There is no rusting on section (a) of 
the tank. Failure is beginning on sec- 
tion (b). There is considerable erosion 
of the aluminum topcoat showing the 
dark primer underneath, but visible 
spots of rust are confined to the top ring. 
In good maintenance practice the section 
might be repainted at this stage because 
of the erosion of the topcoat, but rusting 
is not yet definite enough to constitute 
an end point. 

General rusting has occurred on sec- 
tion (c). All maintenance engineers 
would agree that the section needs to be 
repainted. This might be taken as 
marking the end point in the life of the 
paint system. 

In attempting to apply the photo- 
graphic standards to large areas such as 
sections of the storage tank, caution is 
needed because of the great difference in 
the linear scale of the field of view. The 
type 1 standards reproduce only a frac- 
tion of a square foot, while a section of 
the tank is hundreds of square feet. 
The severity of the rating depends not 
only on the total proportion of the area 
which is rusted, but also on the number 
of spots in which the rusted area is 
distributed; in other words, on the 
absolute diameter of the rust spots. 
The smaller the spots into which a given 
area of rust is divided, so long as they 
are easily visible, the more severe the 
rating. Since the same size spots look 
smaller on a large area, there is a 
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tendency to rate large areas more 
severely than small ones. Or, to turn 
the proposition around, panels are usually 
judged optimistically because of their 
small scale. This has been one of the 
causes of the apparent lack of correlation 
between panel tests and actual service 
of paint systems in the past. 

Section (a) rates No. 10 in the AS. 
T.M. scale without question because 
there is no failure. In rating section (6), 
allowance must be made for the fact 
that erosion may be mistaken for rust 
in the photograph. This section is 
really better than No. 9 rusting. 

It is in rating an area such as section 
(c) that serious difficulty is encountered. 
The rust is not distributed uniformly 
over the entire section. There are many 
small areas, such as Fig. 2, where rusting 
has advanced to No. 7 or even No. 6. 
There are other larger areas with little 
or no rusting. What is desired is an 
over-all rating for the section. One 
must also take into account the difference 
in linear scale; this can be done by 
visualizing a large surface having the 
same area as the section of the storage 
tank covered with small units rusted to 
the degree of the photographic standard. 
With these considerations in mind, the 
author believes that a reasonable rating 
for section (c) is No. 8, and that this may 
be taken as representing the repaint stage. 

Figure 3 is a similar gradation of 
rusting on a storage tank which is failing 
in the pattern of the type 2 standards. 
The close-up of a badly rusted small area 
in Fig. 4 shows both unbroken blisters 
and a few blisters which have broken 
open revealing dark rust underneath. 

The paint system consists of three 
coats at an average thickness of 5 mils 
on steel plate which was covered with 
millscale. The steel had become partly 
rusted during erection. It was prepared 
for painting by hand scraping and wire 
brush. The exposure was only 2 yr. 
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(a) No failure. 


Fic. 3.—Gradation of Rusting on Wirebrushed Storage Tank. 


4 


Fic, 4.—Blister Type Rusting on Wirebrushed 


Tank, 


Repaint stage. 


(c) Rusting worse than repaint stage. 


in the same locality as the fuel oil 
storage tank in Fig. 1. 

Section (a) is rated No. 10 (A.S.T.M.) 
because there is no failure. Section (0) 
has already reached the repaint stage. 
In rating this section, as in the previous 
example, allowance must be made both 
for the occurrence of small patches 
showing all degrees of rust from No. 10 
to No. 6, and for the difference in linear 
scale from the photographic standard. 
A rating of No. 8 again seems reasonable. 
Section (c) has progressed beyond the 
repaint stage, and may be assigned a 
rating of No. 7. 

Several of the primers on sections of 
this tank were the same as on sections 
of the sandblasted tank. The short 
life of 2 yr. as contrasted with 6 yr. 
for a thinner paint film on the sand- 
blasted surface illustrates the importance 
of specifying the surface condition of the 
steel when an estimate of the life of the 
paint system is to be made. 

In contrast to the relatively flat surface 
of steel plate in a storage tank, the steel 
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work in a bridge presents a repetition of 
rolled and cut edges, angles, joints, and 
lines of rivets. The preponderance of 
structural shapes over plates brings out 
the second problem in the interpretation 
of rusting standards. Rusting is not 
distributed at random, but tends to be 


concentrated at raised places and sharp 
edges where the paint coating is likely 
to be thin or where rusting was farther 
advanced before the steel was painted. 
flange rusting on a 


Figure 5 illustrates 
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channel. When flange rusting is the 


chief type of failure on such panels they 
cannot be rated directly by the A.S.T.M. 
photographic standards because the pat 
tern of failure is quite different. It 
becomes necessary to develop a rating 
scale of flange rusting for the guidance 
of inspectors at the test fence. A 
photographic series set up in steps cor- 
responding to the A.S.T.M. scale is 
shown in Fig. 6. The first step is 
rated No.9. The next step was given a 


5.—Flange Rusting on a Bridge. 


bridge. ‘The rusting results from the 
difficulty of applying a normal thickness 
of paint to the rolled edge. Failure in 
this instance is not so far advanced as the 
repaint stage; the structure can be put 
into perfect shape merely by striping the 
edge. 

The main features of failure on 
structural steel shapes can be reproduced 
on panels. One type of panel which has 
been found convenient and suitable is 
merely a length of heavy 4-in. steel 


— 


rating of No. 8. This was judged to 
be the point at which repainting would be 
required in practice and corresponds to 
the view developed in this paper that a 
rating of No. 8 on the A.S.T.M. scale 
approximates the repaint point. The 
standard set up for No. 7 rating is by 
necessity a touched-up photograph, be- 
cause every panel examined to date 
shows some rusting on the web as well as 
on the flange when failure has progressed 
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so far. The A.S.T.M. type 2 photo- scale in which all observations can be 
graphic standards can be used directly recorded. The steps on that scale have | 
for the lower grades. practical meaning in terms of the life of 
\ 
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to Fic. 6.—Rating Scale for Flange ‘Rusting. 
De 
to Although the A.S.T.M. photographic the paint system. The definiteness with 
. standards are not directly applicable to which results can be reported should 
le all patterns of rusting on painted steel, increase the significance of research on 


they do provide a common numerical 


coatings for steel. 
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FACTORS 1 INFLUENCING THE BREAKING STRENGTH OF ARMY 
AND NAVY FABRICS 


The U. S. Army and Navy set up 
rather rigid limits and specifications 
for the texture and other physical charac- 
teristics their military cloth should 
have. In these specifications a pre- 
dominant place is taken by minimum 
limits for breaking strength. 

For this presentation, analyzing the 
factors influencing the breaking strength, 
two fabrics were selected, the 18-oz. 
serge, olive drab, for the Army and the 
16-0z. melton, blue, for the Navy. The 
reasons for the choice of serge and melton 
were threefold: first, because they are 
the two most common military fabrics; 
second, they represent both the worsted 
and woolen branches of the textile 
industry; and, third, the breaking 
strength specifications for both were 
revised downward after it was found 
that too few manufacturers were able 
to meet the higher requirements. The 
former serge specifications called for 
120 lb. in warp and filling while the 
melton specifications called for 62 lb. in 
warp and 50 lb. in filling. 


ANALYSIS OF PRESENT SPECIFICATIONS 

The U. S. Army and Navy specifica- 
tions call for deliveries according to 
standard samples in so far as color, 
texture of the fabric, and general appear- 
ance are concerned and read in their 


main physical requirements as set forth 
in Tables IA and IB. 


1Director of Research and Control Laboratories, 
Supervisor of Cloth Control, and Textile Technologist, 
respectively, Forstmann Woolen Co., Passaic, N. J. 
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The serge specifications require that 
the cloth carry a theoretical load of 
1.76 lb. per warp yarn in the 1 by 1 by 
3-in. grab test before breaking. On the 
same basis the filling strength demand 
is 2.04 lb. per yarn. Since the appear- 
ance of the twill in the finished cloth 
restricts the manufacturer to using the 
same thread in both warp and filling, 
there is evidently an unbalance in 
thread strength demand. The filling 
is expected to be 17 per cent stronger 
than the warp. 

As the warp direction is the one con- 
sidered to carry the greatest strain in 
wearing, let us take 120 lb. (1.76 lb. 
per yarn) as the basis. Calculating 
(54 threads per in.) the theoretical 
filling requirement for balanced strength 
demand, the result is found to be 95 lb. 

The melton specifications require a 
cloth with 58 lb. warp and 46 lb. filling 
strength. The calculation of the theo- 
retical strength demand per yarn gives 
0.97 lb. for warp and 0.84 Ib. for filling. 
The logical relation between the coarser 
warp and finer filling found in the stand- 
ard sample is preserved. ‘The filling is 
expected to carry 13 per cent less load 
per thread than the warp and should, 
therefore, be finer. 

The Philadelphia (Quartermaster 
Depot has already made a study? of 
the serge as produced by 29 mills, a 


2 Report on Survey of Various Manufacturing Methods 
in Use by Worsted Industry for Production of Cloth, Serge, 
O.D., 18 Ounce. 

Prepared under the Direction of the Commanding 
=. Philadelphia Quartermaster Depot. July 10, 
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cross-section of practically the entire 
worsted manufacturing industry. Sam- 
ples of 18-0z. serge from each mill were 
tested for strength, weight, ends, and 
picks. All the manufacturing processes 
used were tabulated for comparison. 
It is interesting to note the variety of 
results this industry survey reveals. 
As regards breaking strength, from the 
data in Fig. 24 of the report,? we find 
an average warp strength of 144 lb., 


TABLE IA.—CLOTH: SERGE, OLIVE DRAB, 18 02. 
Wool: The wool for warp and filling shall be 
fleece and/or pulled wool not lower in 
grade than 64’s United States standard. 
The wool shall be well combed, drawn, 
evenly spun on the worsted system and 
twisted into a two-ply yarn for both 
warp and filling. The yarn shall have 
sufficient twist to insure a character of 
cloth as shown by the sealed standard 
sample. 

Weave: The weave shall be a four harness twill 
to the right, two up and two down. 
The color shall be olive drab produced 
by blending shades of olive with white 
ty wool and shall match that of the stand- 
ard sample. 


Yarn: 


Color: 


Breaking Strength, lb., 
min., 1 by 1 by 3-in. grab 
method 


! 
Thread Count, minimum | 
per in. 


Warp | 


Filling 


Warp Filling 


68 54 120 110 


range 130 to 156 lb., and an average 
filling strength of 115 lb., range 98 to 
132 lb. The standard deviations are 
5.90 and 7.25, respectively. 

The above figures show, with their 
accompanying statistical inferences, that 


all manufacturers are not equally suc- 
cessful in meeting the specifications. 
It is apparent that the main difficulty 
was in meeting the filling breaking 
Strength requirements. 

The manufacturers who delivered 
pieces with the lowest warp breaking 
strength were still 10 lb. above specifica- 
tion while their filling strength was as 
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oon 
much as 12 lb. below specification. 
This observation bears out the fact that 


a lack of balance exists in the speci- 
fications. 


In order to meet cloth specifications — : 


it is essential for the manufacturer to — 
be familiar with the extent of variations © 
influencing the breaking strength which ~ 
occurs in the production of his cloth. 
In addition to the raw material chosen, 
manufacturing processes, such as dyeing, — 
spinning, weaving, and finishing, have a 


TABLE 
Wool: 


IB.—CLOTH: MELTON, BLUE, 16 02. 
The wool for warp and filling shall be 
fleece wool, of a grade not lower than 
64’s (U. S. Standard), and with staple 
of sufficient length to meet the herein- 
after described requirements. ‘The wool 
shall be free from the admixture of — 
vegetable matter, reworked wools, waste, 
or any other adulterants. 

Shall be equal to that of the standard 4 
sample (which was carded, spun on 
woolen system, singles for both warp 
and filling). 


Weave: Shall be a two up and one down, twill 7 ae 
to the right. . 


Color: Shall be piece or stock dyed with suit-— 
able colors of required fastness ye 
ties so as to produce the shade of the 
standard sample. 


Yarn: 


Breaking Strength, lb., 


Thread Count, min. min., 1 by 1 by 3-in. grab 
method 


per in. 


Warp 


Filling Filling 


Warp | 


60 55 58 46 


definite bearing on the breaking strength 
in the finished cloth. How great are _ 
these influences and what fluctuations | 
occur? What are the main factors 
causing the strength variations in the 
yarns and how much are these differ- 
ences responsible for strength variations 
in the cloth? To what extent is it 
possible to predict the finished 
strength—from the yarn strength or 
raw piece strength? Do weaving and 
finishing reduce or enlarge the variations? 


. — 
l 
n 
g 
h 
a 
ig 
eS 
g. 
er 
d- 
is 
ad 
id, 
er 
of 
a 
rge, 
ding 
10, 
In this paper emphasis is placed upon 


918 VON BERGEN, HINTERMAIER, AND ULLMAN 


the variations experienced, It is the 
purpose of this study to present these 
as a step forward in the long trail toward 
complete knowledge of the inherent 
quality characteristics of cloth produc- 
tion. The data are not advanced as 
criteria to be reached but as examples 
of the variations within one mill. 


Manufacturing and Testing Routines: 


The data were accumulated over 
approximately two years of actual mili- 
tary production. Testing was carried 
out both under mill operating conditions 
and under laboratory controlled condi- 
tions. In general, the test procedures 
and methods used standard 
A.S.T.M. procedures with a few excep- 
tions developed on the basis of 
experience. 

To show the points of control testing 
in the general manufacturing routines 
of the two cloths, the following flow 
sheet is given. The test procedure is 
found by reference to the key. 


FLOW SHEET OF MANUFACTURE AND TESTING 
PROCEDURES 


Worsted Woolen 

18-0z. Serge 16-0z. Melton 
Raw wool 1 Raw wool 1 
Sorting Sorting 
Scouring Scouring 
Combing 1, 2,3 Stock dyeing 
Top dyeing 3 Carding 1 
Spinning 4,5,6 Spinning 4, 5,6 
Weaving Weaving 
Grey goods 4,7, 8,9 Grey goods 4,7, 8,9 
Fulling 0 Fulling 0 
Washing 4 Washing 4, 12 
Crabbing Carbonizing 
Drying Neutralizing 4 
Specking 11 Decating 
Shearing Drying 
Decating Shearing 
Final examining Pressing 


Finished cloth 4, 7, 8, 9, Final examining 
13, 14,15,16 Finished cloth 4, 7, 8, 9, 
12, 13,14, 15, 16 


Key A.S.T.M. Standards* 
(1) Fiber fineness D 419 - 37, D 472-41 
(2) Fiber length D 519 - 40 

(3) Tensile strength (bundle) 

(4) Breaking strength D 39 - 39, D 403 - 38, 
(5) Yarn number (count) D 404 - 38 

(6) Twist 

(7) Ounce weight D-39 - 39 

(8) Piece length and weight 

(9) Picks per in. D 39 - 39 


(10) Fulling time 
(11) Specking time 


(12) Crocking A.A.T.C.C. Standard 


method 
(13) Width 1D 39 - 39 
(14) Ends per in. D 39 - 39 
(15) Weight and length loss 
(16) Color fastness to light D 506 - 41 


a 1942 Book of A.S.T.M. Standards, Part III. 


Part I—StTRENGTH VARIATIONS IN FINISHED PIECES 


The data are presented starting with 
finished pieces; tracing the way back to 
the yarn and wool. In order to facili- 
tate the presentation of both the 
strength levels and the variations at 
these levels, control charts and graphs 
have been used wherever possible. The 
points plotted represent the averages of 
groups of test results. From a normal 
uniform production, these points differ 
from their grand averages by amounts 
not greater than can be calculated from 
well-known probability formulas. 

The probability that a point (group 
average) will fall outside control limits 
by chance alone is approximately three 
in one thousand. These control charts 
contain selected parts from our produc- 
tion records chosen to demonstrate the 
effects of various influences. They are 


not in proportion to the actual produc- 


tion but fairly represent variations 
which we experienced. 

In collecting breaking strength data 
on finished cloth, the most important 
step is the selection of proper samples. 
The sampling procedure used insures 
randomness, economy, and representa- 
tiveness. The method is as follows: 

(a) From the first 25 pieces of new 
production every piece (100 per cent) 
is tested. (See test procedure) 

(b) From then on, every fifth piece 
(20 per cent) is tested until data on 25 
more have been accumulated. 

(c) From then on, every tenth piece 
(10 per cent) is tested until data on 25 
more have been accumulated. 

(d) From then on, every twentieth 
piece is tested (5 per cent) until data on 
25 more have been accumulated. 
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(e) From then on, sampling is one 
piece per day (0.3 to 2 per cent) 

(f) If at any time during the above 
schedule major changes in processing 
or raw material occur, the schedule 
reverts to step (a) or (b) at the discre- 
tion of the control engineer. Upon 
restarting an interrupted flow of pro- 
duction on one kind of cloth, steps (6) 


ns or (c) may be eliminated, provided the 
data of step (a) equal previous produc- 
ta tion levels. 
nt The testing was done under mill 
es. atmospheric conditions in the finished 
res cloth examining department. The 
ta- strength data as well as piece length, 
NS: weight, and width were accumulated 
ew on specially printed forms containing 
nt) 20 pieces. As each group of ten pieces 
was completed, its statistics were calcu- 
ece lated and entered on a control chart. 
95 For piece goods each point represents 
the group average of 10 pieces; for 
ece yarns 5 bobbins for strength and count. 
95 In order to calculate control limits, 
ranges for the groups are averaged. 
eth The average range is multiplied by the 
a proper Az factor for sample size.2 The 


_ *A.S.T.M. Manual on Presentation of Data, Reprint- 
ing April, 1943. 


Fic. 1.—Control Chart for Serge Pieces. 


resulting figure added to and subtracted 
from the average of all the strengths 
gives the upper and lower limits, re- 
spectively. One chart was kept for 
each kind of cloth produced. | 7 


The layout used for making the Army 
serge was as follows: 


Stock—Domestic wool 
Top fineness 21.2 microns ’ 
Top length 2.2 in. ras. 
| 73 per cent dyed top—meta- 
Blend { chrome process 
{27 per cent white recombed top 
Warp and filling yarn single 1/26.5m. 
240 
Worsted system equivalent 1/23.5 
Grex equivalent..........377 grex 
Warp and filling yarn plied 2/26.5 m. 
240 $48 
Worsted system equivalent 2/23.5 
Grex equivalent.......... 2/377 grex 
Narp 3900 ends (58 per in. on loom) 
Width on loom 673 in. 
Picks on Icom 51 per in. 


SERGE 


The finishing routine comprised raw 
fulling, washing, crabbing, drying, speck- 


ing, shearing, decating, and final 
examining. 
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The control chart, Fig. 1, of breaking 
strength shows considerable variations 
among groups of pieces. The chart 
is divided into four sections. Each 
section represents a major change in 
manufacturing. The first section is 
self-explanatory. At that time mill 
production allowed recombing the white 
top. As production volume increased, 
it was found necessary to discontinue 
the recombing. This resulted in a 
considerable increase of neps in the 
cloth. Sanding, a purely mechanical 
operation, was introduced (section 2) 


further change was made. Section 4 
represents pieces made from a blend of 
50 per cent Australian wool and 50 
per cent domestic wool. 


Variation Within Pieces: 

It must be realized that within the 
groups on the chart additional variations 
exist. The same thought may then be 
extended to individual pieces. In order 
to demonstrate the variations existing 
within a piece, successive specimens 
were taken across one piece from selvage 
to selvage. The specimens were spaced 


TABLE II.—STRENGTH VARIATIONS WITHIN ONE SERGE PIE CE. 


Mill Conditions | Standard C 
Warp Filling | Warp Filling 
2 | 3 4 
11 (dif.) 11 (dif.) ait.) 11 (dif.) 6 (same) 
Average strength, Ib...................... | 158.0 128.1 | 5.1 127.2 128.5 
Standard deviation, Ib.................... 4.70 4.50 3. 83 4.80 2.65 
Range within piece, lb. 
28.2 27.0 35.0 28.8 15.9 
Tests FOR SIGNIFICANT DIFFERENCE OF STANDARD DEVIATIONS 
Z Calculated 0.95 limit? 
0.2152 0.5196 
Between warp and filling, col. 3 and col. 4....................00... 0.0201 0.5196 
Between filling (dif.), col. 2 and col.4....................--..044.. 0.0642 0.5196 
Between different filling and same filling, col. 4 and col. 5.......... 0.5941 0.6976 


eZ  Z calculated m must exceed the 0.95 limit, m, m2 = 11, for significant ‘difference to be proven. 


Limit for m = 11, m2 = 6 

in the finishing routine to reduce the 
neps to a satisfactory level. The nep 
reduction was successful but the opera- 
tion had a damaging effect on the yarns 
thereby reducing the breaking strength, 
especially in the filling direction. In 
order to return the production level 
to a satisfactory distance above the 
110-lb. filling strength specification, the 
2/26.5 m. yarn formerly used was 
replaced by 2/26 m. and stricter control 
of the sanding operation was instituted. 
The result of this change is shown in 
section 3. Since points still occurred 
very close to the minimum strength, a 


so that different groups of warp and 
filling yarns were tested. The speci- 
mens were cut in duplicate so that one 
set could be tested under mill conditions 
and the other set under standard condi- 
tions of 65 per cent relative humidity 
and 70 F. In addition, (for the filling 
alone), the same group of yarns was 
repeatedly tested across the piece. The 
data were analyzed by application of 
tests for significant differences (Z test)‘ 
in variability. See Table II. 


4 Applied General Statistics, F. E. Croxton and D.J 


Cowden, Prentice Hall, 1941. 
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TABLE ERGE-MILL TESTING CONDITIONS influence on individual piece variability 
) = ons as shown by the Z tests. None of the 
differences could be proved significant. 
2 The variations among pieces are 
e 1. Average pro- | 200)153.8/6.61| 4.30 |121.5/6.38] 5.23 a culate rom the pieces used in the 
duction j control charts. Within each group of 
r 100)145.7/5.79) 3.97 |111.1]5.04] 4.54 
) 3. Improved 240/156.2/6.66| 4.26 |119.5)7.02| 5.87 | ten shown on the control chart, Fig. 1, 
8 i there are many variations from piece to 
IS 4. New blend. ...| 190/163.6|7.30| 4.46 |130.0|5.75| 4.42 piece. The extent of these variations 
d 180 T T 
170+ 
£ 
DI40F 
| Warp 5 
ar, ec. 
0 Filling Spec. 
di 
Filling 
ind 
one 010205 1 2 5 10 20 30 40506070 80 90 95 98 99 995995 
ons Per cent 
idi- a Fic. 2.—Cumulative Curve, Serge Piece Strength. 
lity 
ling lhe above figures indicate that varia- is indicated by the analysis of figures 
. . . y y 8 
was tions as high as 35 lb. may exist within given in Table III. For average pro- 
The a piece. This is an extreme and is duction, the 6 o range (3 standard 
1 of seldom found in practice. The usual deviations above average plus 3 stand- 
est)! range of test values is between 10 and ard deviations below average equals 
20 Ib. in both warp and filling. The total range) of strength results among 
apparent differences in standard devia- pieces shows that as high as 40 lb. 
103 tions are functions of sampling fluctua- difference may be expected between 


tions and sample size. Testing under the weakest and strongest pieces coming 


standard conditions apparently has no from normal production. This strength 
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range holds approximately for both 
warp and filling. 

The question immediately arises, how 
are the piece strengths distributed within 
this range? For demonstrating this 
distribution, the data of the piece 
strengths were tabulated in cumulative 
form on arithmetical probability paper. 
Figure 2 is the graphic representation 
of the extent of variations which lie 
behind the control charts. 

A normal distribution yields a straight 
line when plotted on arithmetic proba- 
bility paper. Since the points represent 
the actual test observations it is clear 
that the agreement between the test 
data and the theoretical straight line is 
only approximate. 

The application of normal curve 
formulas to such data yields only 
estimates of the actual extremes. As 
the test data depart further from nor- 
mality, greater errors in estimation are 
made. ‘These errors are of a directional 
character. They yield calculations 
estimating more low strength pieces 
than actually exist. The error will give 
a somewhat more gloomy picture of the 
state of production. For example, 41 
per cent of the sanded serge pieces were 
calculated as failing to meet specifica- 
tions, whereas actually 38 per cent 
failed during the beginning of sanding 
operation. The calculation is given 
below: 

Serge, sanded—Filling average 111.1 
lb., standard deviation 5.04 lb. 

What per cent of production may be 
expected below specification limit of 
110 

Difference 
Specification from Average __ 
Standard Deviation 

111.1 — 110 


504 = 0.218 


In order to translate deviation into 
percentage of pieces within certain 
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strength limits we must use a table of 
areas under the normal curve. The 
value opposite 0.218 in such a table is 
0.0864 or 8.64 per cent of pieces have 
their strength between the average and 
the specification. Since the average 
divides the population in half, 50 per 
cent lie above average making a total 
of 58.64 per cent above specification 
and 41.36 per cent below specification. 
The cumulative type curve of Fig. 2 
is given for estimation of the proportion 
lying below any strength level. It is 
determined by reading vertically down- 
ward from the intersection of the hori- 
zontal strength line and the curve to the 
percentage scale. Subtraction from 100 
per cent then yields the fraction passing 
the specifications: 
1. Average production, 100 — 4 = 96 per cent above 
not sanded specification 
2. Average production, 100 — 38 = 62 per cent above 
sanded specification 
3. Improved sanding, 100 7 = 93 per cent above 
coarser yarn specification 
4. New blend.. .-more than 99.5 per cent above 
specification 
When the above examples of varia- 
tions within and among pieces are com- 
bined, we then have variations among 
groups of pieces. The analysis of groups 
of pieces is best shown by control chart, 
Fig. 1. The chart shows four definite 
strength levels for both warp and filling: 
namely, 


| Warp Filling 

| Num- 

Section | ber of | Break- | Range | Break- | Range 
Points ing for 10 ing for 10 

Strength,, Piece |Strength,| Piece 
Ib. || Points| Ib. Points 

20 153.8 | | 121.5 | 45.8 
10 145.7 |... 111.1 
Cane 163.6 | +5.6 | 130.0 | +4.5 
The first section represents average 
production. The effect of the sanding 


operation is demonstrated by the low 
level of the second section of Fig. 1. 
This is definitely out of control’ with 


6 Control limits are valueless for these figures because 


of trend. 
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respect to section 1 and an entirely new 
level was established. It is immediately 
apparent that a certain proportion of 
pieces fails to meet the 110 lb. specifica- 
tion for filling strength. Sanding 
lowered the filling strength level approxi- 
mately 9 per cent, bringing a large 
proportion (calculated to be 41 per cent) 
of the pieces below minimum specifica- 
tions. The warp strength level was 
lowered 5 per cent. 

The combined effect of better control 
of the sanding operation and coarser 
yarn size is shown in the third section. 
This shows the improvement effected. 
While the average warp strength is 
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an average length of 3.05 in. and the 
fineness averaged 22 microns. ‘The final 
level was 6 per cent superior to the 
original. ‘The probability of pieces being 
below specification was less than 3 
chances in 1000. No pieces, however, 
were found below specification. 


Navy BLuE MELTON 


The second cloth—16 oz. navy blue 
melton—was selected to represent the 
fluctuations encountered in the manu- 
facture of tightly felted cloth from wool 
spun yarn. The specifications have 
already been given. (Table IB). In 


80 

5 70 Warp = — 

60 

> © Filling 
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40 | Filling Spec. 

Section 
Indigo - Chrome indigo 


Dyed 


Re, 3.—Control Chart for Melton Pieces. 


back to its previous level, it does not 
exhibit control.6 A trend is shown 
toward a higher level. A_ parallel 
trend toward a higher level is also shown 
in the filling. The filling strength level 
is not as high as the original standard 
but the proportion of pieces falling below 
specifications is now very small. The 
new levels are only 0.3 per cent below 
the original in warp and 3 per cent in 
filling. ‘There are still 7 per cent of 
pieces below specification level. 

The new levels of the fourth section 
are the result of a new blend of 50 per 
cent Australian wool with 50 per cent 
domestic wool. The resulting top had 


= 


order to produce such a cloth, we started 
with the following layout: 


Wool: 64’s cape wool 
length 2.0 in. ia 
fineness 20.5 microns 
Stock dyeing: Indigo bottom—chrome topped* 
Yarn: Warp—14 m. (4.33 Runs, 715 
grex) Twist $52 (Mule Spun) 
Filling—16 m. (4.96 Runs, 625 
grex) Twist Z50 (Mule Spun) 
Warp 3390 ends (40 per in. on 
loom) 
Width on loom 85 in. 
Picks on loom 45 


Weaving: 


* Though the Navy originally specified a chrome 
ttom and indigo top, the above procedure involved 
dyeing the indigo first and topping it with chrome colors. 
This eventually led to the continuous stock dyeing of 
indigo alone, eliminating the use of chrome colors entirely. 
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The finishing routine was fulling, 
washing, carbonizing, neutralizing, wet 
decating, drying, shearing, pressing, and 
final examining. 

The melton control chart, Fig. 3, 
illustrates variations among the piece 
groups. These variations, similar to 
those observed in the serge, are the 
result of inherent differences from piece 
to piece and within pieces themselves. 


Variation Within a Piece: 


The standard deviations of the break- 
ing strength observations from succes- 
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Mill Conditions 


The Z test on standard deviation for 
comparison of tests between same filling 
and different filling yarns gives a value 
of 0.4377. The limiting value for Z is 
0.6976. Therefore, the variability of 
testing different groups of filling yarns 
is shown to be not significantly different 
from that of the same group of yarns. 


Variations Among Pieces: 


It must be realized that not every 
piece will show the same variations 
within its borders. These differences 


TABL E IV. 2. ARIAT IONS W ITHIN ONE ME LTON PIECE. 


Standard Conditions 


| 
| 


Warp 
Number of | ) 
Average strength, lb... ................... 
Standard deviation, Ib... ... ......... 13 
Range within piece, lb. 
TABLE V.—PIECE STRENGTH STATISTICS, 
MELTON—MILL TESTING CONDITIONS. 
Warp Filling 
nls in ain |O 
...| 310}63.1]2.4 | 3.8 |52.013.72) 7.15 
150\72.4)4.37| 6.04 63.2)5 14} 8.13 


| 


sive specimens taken across a piece from 
selvage to selvage are given in the 
Table IV. 

From the calculated range, that is, 
six times the standard deviation, varia- 
tions as high as 18 lb. within one piece 
may be found. In actual testing, this 
extreme range was seldom _ reached. 
The usual range within a piece was 
between 4 and 8 lb. 

The closeness of the standard devia- 
tions between mill testing and standard 
: conditions is further proof that differ- 
ences in test conditions do not affect 
variability. 


Filling Warp ‘Filling 
13 (ait) | 11 (dif.) 11 (dif.) | 6 team) 
60.72 50.3 50.7 
7 02 | 1.92 1.95 3.02 
12.1 18.5 18.1 
6.0 7.0 6.0 | 9.0 


then form the second set of vuriations 
among pieces. 

The figures given in Table V are the 
statistics calculated from the pieces 
selected for the control chart Fig. 3. 
From the 6 o range strength variations 
of approximately 16 lb. between weakest 
and strongest indigo chrome pieces may 
be expected. The indigo pieces have 
a higher range—approximately 28 Ib. 
between the extremes. 


The above ranges are calculated 
ranges. In actual practice only a few 


pieces were found to reach such extremes. 
The usual range among pieces was 10 |b. 
for indigo chrome and 12 |b. for indigo. 

In order to answer questions as to 
how much of production deviates from 
acceptable (specification) level, the pro- 
portion of pieces at the various levels 
must be known. The cumulative curves 
of Fig. 4 enable the determination of 
how many pieces do and do not meet 
the strength specifications. By refer- 


ence to the warp curve for indigo 
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chrome pieces, 8 per cent fail to reach 
58 lb. The curve of filling strength of 
indigo chrome pieces indicates 5 per 
cent fail to reach 46 lb. The warp and 
filling curves for indigo pieces are so 
much above specifications that the 
probability of any failing is 3 in 1000 
or less. 

The combining of pieces into groups 
as is done on the control charts intro- 
duces again the concept of variations 
among groups of pieces. There are two 
major influences to demonstrate in the 
melton piece control chart, Fig. 3. The 
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of pieces failing to meet specifications 
was completely eliminated in the second 
section. The pieces in this section are 
stock dyed with indigo only, no chrome 
colors were used. 

The radical change in strength level 
(gain of 14.7 per cent in warp and 21.5 
per cent in filling direction) is attributed 
to the change in the dyeing process alone 
(see part IV).® 


ReESUME—Part I 


To sum up the foregoing data on 
variations in piece goods production, 
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Fic, 4.—Cumulative Curve, Melton Piece Strength. 


levels of these sections and their control 
limits are tabulated below: 


Warp Filling 


| Num- 
ber of | Break- | Range | Break- | Range 
Points| ing | for 10 ing | for 10 
Strength,| Piece |Strength, Piece 
Points Ib. Points 


Section 


31 63.1 | 42.2 | 52.0 | +2.4 


1S | 72.4 | 43.3 | 63.2 | 44.5 


The first section is that of the indigo 
chrome dyed wool. Since the lower 
limits of this section are close to the 
specification, individual pieces fall below 
the minimums. The small percentage 


certain general conclusions which hold 
true for both worsted and woolen pieces 
may be drawn. Within one piece it 
makes little difference whether we test 
different groups of yarns or the same 
groups of yarns repeatedly in the sample 
area. The variability of tests within 
one piece is not affected by testing under 
ordinary mill atmospheric conditions 
or controlled laboratory conditions. 
Much larger differences were found 
between tests on successive pieces than 
in the tests within one piece. This is 
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in accordance with the theory that 
adjacent specimens of textile materials 
tend to have the same properties. 

When groups receiving the same 
treatment are plotted on control charts, 
inherent variations from group to group, 
within well defined limits, are evident. 
When new sources of variability make 
themselves felt, the control charts reflect 
the movement of the averages toward 
the new level at which stability may be 
reached. 

In the case of the serge pieces, the 
four definite levels shown demonstrate: 

1. Average strength of 153.8 lb. in 
warp and 121.5 lb. in filling. 

2. A loss of strength (9 per cent) 
through the introduction of the sanding 
operation. Accompanying this strength 
change was a reduction of the pieces 
passing specifications from 96 per cent 
to 62 per cent. A new strength level 
was established at 145.7 lb. inthe warp 
and 111.1 lb. in the filling. 

3. Partial correction of the low level 
was achieved by control of sanding and 
use of a coarser yarn. A new level 


approximately the same as the original 
average developed at 156.2 lb. for warp 
and 119.5 Jb. for filling. It will be 
demonstrated later, how much of the 
change in strength level is due to the 
coarser yarn. 

4. Finally, a change in blend achieved 
the desired result of no pieces below 
specification. This new level was at 


163.6 lb. in warp and 130.0 Ib. in filling. ‘ 


The melton cloth testing resolved 
itself along the same lines as the serge. 
There were two main groups illustrated. 
The first, average production, had a 
warp strength level at 63.1 lb. and 
filling at 52.0 lb. About 9 per cent of 
the pieces failed to meet specifications. 
The effect of changing the dyeing process 
from indigo bottom and chrome top to 
all indigo is shown by a radical increase 
in average strength and _ variability. 
The second level, at which no pieces 
fall below specifications, is 72.4 lb. for 
warp and 63.2 lb. for filling. Further 
details of the effect of dyeing on strength 
will be found in Part IV. 


Part II—YarN BREAKING STRENGTH 


- We have previously mentioned that 
variations in the breaking strength of 
pieces may be traced back to the yarn. 
How great are yarn variations and what 
is their ultimate influence? With these 
considerations the yarn becomes one of 
the major factors influencing the strength 
of the pieces not only with regard to 
their uniformity but also their relative 
strength levels. A clear knowledge of 
the factors which influence the yarn 
breaking strength is, therefore, a neces- 
sity if the manufacturer wishes to avoid 
weak pieces. 

For this phase of our problem various 
investigations into the direction and 
magnitude of variations that may influ- 
ence the yarn breaking strength were 
conducted. Because of the direct rela- 


tionship between yarn count and yarn 
strength, that is, the proportionate 
increase in yarn strength with an increase 
in yarn cross-sectional area, these will 
be presented together. 

In this connection, the term ‘“‘finer” 
will be used to mean that the yarn is 
smaller in diameter; the term ‘‘coarser” 
will be used to mean an increase in 
diameter. ‘This is necessary to eliminate 
confusion arising from the present recip- 
rocal yarn numbering systems (metric, 
worsted, runs, etc.) in which higher 
numbers mean finer yarns and lower 
numbers mean coarser yarns. 

For the convenience of readers un- 
familiar with the metric counts, the 
equivalent worsted (560 yd. per |b.) 
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and woolen runs (1600 yd. per lb.) 
The Grex system equiva- 
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fore, higher Grex yarn numbers mean 
coarser yarn. 


lents are also given. ‘This convenient 
hew system calculates its yarn numbers 
on the basis of the weight in grams of 


ten thousand meters length. ‘There- 


£200} Breaking Strength 
& 4 
J 
2 
ie Ring |Mule Ring |Mule Ring |Mule Ring ; 
Section | 
Fic. 5.—Control Chart for Worsted Yarn. 
TABLE VI.—VARIATIONS WITHIN SINGLE AND TWO-PLY WORSTED YARNS. 
Strength, lb. Metric Count 
Bobbin | |Stand- | | | Stand- 
| Test | Test | Test | Test | Test | Aver- | ard | Test | Test | Test | Test | Test | Aver- | ard 
No. 1/No. 2/No. 3\No. 4)No. 5| age |Devia-\No. 1|No. 2,No. 3\No. 4)No. 5| age | Devia- 
| | | | tion | tion 
| | | 
SINGLE YARNS , 
No. 1.. 70.0 72.0 | 71.0 | 68.0 | 69.0 70.0 | 1.58 | 25.0 | 24.8 | 24.8 | 25.4 | 25.8 | 25.2 | 0.44 
Se eee en 68.5 65.5 | 63.0 | 64.0 63.5 64.9 | 2.22 | 26.8 | 26.5 | 26.0 | 26.6 | 26.8 | 26.5 | 0.33 
OS ere ee 61.5 68.0 68.0 | 62.5 69.0 | 65.8 | 3.51 | 27.0 | 25.8 | 26.8 | 26.4 | 25.4 | 26.3 | 0.67 
ON Seer ee 69.0 | 64.0 | 67.0 | 66.5 | 66.0 | 66.5 | 1.80 | 26.2 | 27.0 | 26.2 | 27.4 | 26.8 | 26.7 | 0.52 
No. 5.. 66.0 | 65.0 | 67.0 | 68.0 | 65.0 | 66.2 | 1.30 | 26.2 | 26.6 | 26.4 | 26.6 26.4 | 26.4 | 0.17 
eee 70.5 | 71.0 | 68.0 | 65.0 | 67.0 | 68.3 | 2.49 | 26.0 | 26.0 | 27.3 | 27.0 | 26.8 | 26.6 | 0.59 
ee 69.0 | 68.5 | 63.0 67.0 | 68.0 | 67.1 2.41 | 26.2 | 26.6 | 26.4 | 26.0 | 25.8 | 26.2 0.32 
OS ae 70.0 | 67.5 | 67.0 | 66.0 | 65.5 | 67.2 | 1.75 | 26.2 | 26.8 | 27.0 | 26.6 | 27.0 | 26.7 0.33 
AMC CRRBE rere 69.0 | 69.5 | 67.0 | 63.5 | 69.5 | 67.7 | 2.57 | 26.2 | 26.0 | 25.8 | 26.2 | 25.8 | 26.0 0.20 
“Seer 66.5 | 65.0 | 68.5 64.0 | 66.0 66.0 | 1.70 | 27.0 | 27.6 | 26.8 | 27.0 | 27.0 | 27.1 0.30 
Average........... 68.0 67.6 | 67.0 | 65.5 66.9 | 67.0 | 26.3 | 26.4 | 26.4 | 26.5 | 26.4 | 26.4 
2.71 2.72) 2.41) 1.99 1.99) 14s | 0.38 0.77; 0.72! 0.60) 0.51 
Two-PLy YARNS 
Serres 165.0 162.0 160.0 160.0 |162.0 | 162.0 | 2.06 | 13.5 | 13.6 | 13.6 13.6 | 13.6 | 13.6 0.07 
ne RS oer 171.0 165.0 |162.0 |164.0 |179.0 | 168.2 | 6.91 | 13.0 | 13.3 | 12.9 | 12.9 | 12.9 | 13.0 0.17 
ee ay 171.0 |171.0 167.0 |168.0 |167.0 | 168.8 | 2.05 | 13.3 | 13.0 | 13.1 | 13.0 | 13.1 | 13.1 0.12 
ore? 176.0 177.0 |172.0 |168.0 |163.0 | 171.2 | 5.81 12.7 | 12.8 | 13.0 | 13.0 | 13.1 | 12.9 0.17 
Seer 157.0 166.0 |265.0 162.0 |158.0 | 161.6 | 4.04 | 13.9 | 13.4 | 13.3 | 13.5 | 13.4 | 13.5 0.24 
ere 165.0 168.0 |166.0 \165.0 174.0 | 167.6 | 3.78 | 13.4 | 13.4 | 13.3 | 13.3 | 13.2 | 13.3 0.09 
A eres 164.0 (158.0 |160.0 |166.0 |161.0 | 161.8 | 3.19 | 13.7 | 13.4 | 13.7 | 13.6 | 13.9 | 13.7 0.19 
ON Aree 167.0 174.0 171.0 |171.0 |169.0 | 170.4 | 2.61 | 13.3 | 13.2 | 13.1 | 13.3 | 13.1 | 13.2 0.10 
Sa 168.0 160.0 168.0 168.0 |175.0 | 167.8 | 5.31 | 13.0 | 13.3 | 13.2 | 13.2 | 12.9 | 13.1 0.17 
|178.0 184.0 186.0 180.0 |175.0 | 180.6 | 4.45 | 12.4 | 12.6 | 12.4] 12.4 | 12.3 | 12.4 0.11 
Average........... 168.2 168.5 167.7 |167.2 |168.3 | 168.0 63.2 | 13.2.1 29.2. | 93.3 23.8 | 
| 
Std. Dev.......... | 6.12, 8.11) 7.65, 5.52) 7.20 5.66 0.46) 0.31) 0.37) 0.37) 0.42) 0.38 


In this paper any reference to yarn - 
size will be made by using the metric 
system (496 yd. per lb.) with the letter 
‘“‘m” denoting meters per gram. 
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The A.S.T.M. method of designation 
of multiple yarns is followed. The 
word “plied” is used to indicate two 
single yarns which have been twisted 
around each other. 


WorSTED YARN 


~The control charts for serge yarn 
production, Fig. 5, are constructed 
similarly to those for the serge pieces. 
In fact the various sections represent 
the yarn which went into production 
of the pieces shown in Fig. 1. Since 
both ring and mule spinning machines 
were used in the serge fabric, these 
sections are divided into two parts 
with the tests on ring-spun yarn pre- 
ceding those on mule-spun yarn. Below 


TABLE VII.—EXTREMES OF COUNT—STRENGTH 
VARIATIONS IN WORSTED YARN. 


Fine Coarse 
Strength 8 64.5 1b. | 74.5 Ib. 
average | 
Singles....... Count aver-| 8 | 27.6m. 24.8 m 
age | 
After Plying..| Strength | 4 | 164.5 lb. | 179.9 Ib. 
average 
Count aver-) 4 |13.5 = 12.4 = 
| 2/27.0m.| 2/24.8m. 


the control charts for yarn strength, 
the parallel fluctuations of yarn count 
are shown. 

In the discussion of the piece strength, 
it was pointed out that the variations 
exist not only between different groups 
of pieces but also within these groups. 
It was further shown that variations 
could be found in each individual piece. 
A similar picture presents itself in yarn 
production. We find that a lack of 
uniformity not only exists between 
various groups of yarns, that is, lots, 
but that variations are also present 
within yarns produced on one machine 
and even within each bobbin. The 
variations within the yarn on the bobbin 
must be from two sources; first, the 


fluctuations in count of the singles 
yarn, second, the differences introduced 
by plying the two singles yarns. 

These variations within one bobbin 
are presented by the tabulation of the 
actual data in Table VI. The observa- 
tions for strength and count on ten 
bobbins from one doff of one ring 
spinning frame are given. The last 
500 meters spun on each bobbin were 
divided in five 100-meter skeins. ‘The 
tests are numbered in the order in which 
the yarn was spun. The top half of 
this table illustrates the variations within 
single yarns; the bottom half covers 
the fluctuations found in plied yarn.’ 

A special investigation into the possi- 
ble variations between yarn count and 
strength was developed as _ follows: 
Two hundred bobbins of single yarn were 
analysed for count. The eight finest 
and the eight coarsest bobbins were 
segregated. The yarn strength result- 
ing from plying four pairs of fine singles 
yarns was 164.5 lb. at an average count 
of 13.5 m. The plying of four pairs of 
coarse singles yarns produced a yarn 
with a strength of 179.9 lb. at an average 
count of 12.4 m., see Table VII. That 
this condition of high and low strength 
is not one which occurs only in labora- 
tory experiments is demonstrated by 
the end portions of the curves for yarn 
strengths as seen in Fig. 7. 

To further illustrate the variations 
in one ring spinning frame, a study was 
conducted on a sample of 100 bobbins 
of ply yarn intended for regular serge 
pieces. This yarn was from the same 
doff mentioned above. The average 
strength of these bobbins was 169.3 Ib. 
with a standard deviation of 6.3 lb. 
The average count was 13.2 m. with a 
standard deviation of 0.32 m. 

In order to show the strength dis- 
tribution of this selected set of 2-ply 


7 These 10 ply yarn bobbins are related to the ten 
singles bobbins only in that they are from the same dofi 
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bobbins, the cumulative curve plotted tendency toward normal distribution. 
on probability paper is given in Fig. 6. As previously mentioned, both mule te 
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The strength points fall into a nearly and ring spinning machines were used 

straight line indicating, much the same for serge yarn production; it must, 
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variations among bobbins are discussed 
we are dealing with two methods of 
spinning yarn. Is there any difference 
in strength and variability between 
the two products? Sixty-five bobbins 
from each machine type were tested 
once for strength and count. Table 
VIII gives the data of this test. 
Analysis of the averages and standard 
deviations indicates that the strength 
level is significantly different but that 
the two standard deviations are not. 
It can, therefore, be said that the ring 
spun yarn is stronger than mule spun 


TABLE VIII.—VARIATIONS BETWE EN MACHINE Ss. 


Ring Mule 
Spinning | Spinning 

Average breaking strength, lb... 179.3 171.4 
Standard deviation, lb.. wa 7.79 6.48 
Coefficient of variation, per cent.. 4.34 3.78 
Average count, 13.0 13.3 
Standard deviation, 0.40 0.42 
Cc of variation, per cent.. 3.08 3.17 


This test proves that the ring-spun 
yarn is significantly stronger than the 
mule-spun yarn (2.2 per cent). The 
comparison of the variations within 
each group shows that the yarns are not 
significantly different in their variability. 

The extent of these variations in yarn 
strength is brought out by cumulative 
curves (Fig. 7). All curves show a 
total range of approximately 40 lb. 
regardless of spinning machine or wool 
blend. They indicate definitely the 
higher strength level of ring-spun yarn 
over mule-spun yarn. In most cases 
the points fall in a fairly straight line. 
The deviations from such a line indicate 
that the data come from a population 
which may be somewhat different than 
a true normal distribution. 

Samples of yarn production from the 
second, third, and fourth sections of 


TABLE IX.—YARN STRENGTH STATISTICS—WORSTED SPINNING SYSTEM. 


Ring Spun Mule Spun 
Section Wool Type Yarn 
Sample |Average, Gent of Sample [Average Genta 
ize Ib. | tion, Ib.| tion, | | tion, Ib.| tion, 
per cent per cent 
2. Domestic 2/26.5 m. 65 179.4 | 9.84 5.48 | 90 172.2 | 7.8 4.53 
3 na Domestic 2/26 m. 95 185.4 | 8.73 4.71 105 178.2 | 6.3 3.53 
4....| New Blend | 2/26m. 95 193.1 | 6.49 3.36 90 182.2 | 7.21 3.96 


yarn. But look at the count. The 
ring yarn is approximately 0.3 count 
coarser than the mule yarn. How 
much of the strength difference is 
therefore due to this count difference? 
The effect of difference in count was 
removed in the following experiment. 
Fifty bobbins of mule-spun yarn which 
had an exact count by test of 13 m. 
were compared with 50 bobbins of ring- 
spun yarn which had an exact count 
by test of 13 m. 


Mule Spun 
179.2 


«5.62 


Ring Spun 
Strength, Ib........... 183.4 
Standard deviation, 7.02. 


the control charts, Fig. 5, were analyzed. 
The data are shown in Table IX. The 
strength superiority of ring yarn over 
mule yarn is shown to exist also when 
the product of many machines is sampled. 
The variability of yarn from the two 
spinning systems as shown by these 
production samples is practically the 
same. 

The extent of the possible variations 
of individual yarns within the control 
chart groups is found by calculating 
the 6-0 range. For the 2/26.5 m. ring 
spun yarn of section 2, the greatest 


Tal 

be 

th 

sec 

tes 

is . 

me 

wh 

che 

ma 

pal 

pre 

det 

the 

Fig 

ave 

tio! 

Cour 

Poin 

san 

tior 

and 

the 

ava 

thir 

leve 

can 

yar 

ring 

ove 

6.5 

yar. 

alsa 

the 

den 

of 

cou! 
4 


On BREAKING STRENGTH OF FABRICS «O31 


range we may expect to find is 59 lb. 
between bobbins. The smallest range, 
that of the mule spun 2/26 m. yarn of 
section 3, is 38 lb. In actual production 
testing, the usual range between bobbins 
is 30 to 40 lb. 

‘The strength variations previously 
mentioned comprise the main influence 
which caused the points on the control 
chart to fluctuate. By separating the 
major influences into their component 
parts the relationships between various 
producing sections of the mill can be 
demonstrated. The control chart for 
the serge yarn production is given in 
Fig. 5. The first section represents 
average production. The second sec- 
tion, the yarn which went into the 


i Section 1 


Section 2 


(2 per cent) higher and the ring-spun 
yarn is 7.5 lb. (4 per cent) higher than 
the previous section. In comparison 
with the original production average, 
the new blend shows an increase of 10 
Ib. (5.8 per cent) for mule-spun yarn 
and 14 lb. (7.8 per cent) for ring-spun 
yarn. ‘Table X gives the strength levels 
and expected ranges of fluctuations for 
the control chart points. 

The higher strength level of ring- 
spun yarn over mule-spun yarn is shown 
in every case. The introduction of 
Australian wool in the blend raises the 
strength level of the yarn itself. The 
increase in strength is mainly due to the 
greater length. The average fineness 
of the blend is about the same as for 


TABLE X.—AVERAGES AND RANGES OF WORSTED YARN CONTROL CHART. 


Section 3 Section 4 


Ring Mule | Ring 


“Mule | Ring Mule | Ring 


STRENGTH 
Strength average, Ub..............2000000% 177.3 172.2 179.4 178.2 185.4 182.2 193.1 
+11.7 +7.8 +9.4 +8.6 +10.6 +10.0 +9.7 
13.10 13.25 12.95 13.10 12.75 13.10 12.70 
..| +£0.60 +0.45 +0.45 +0.42 +0.45 +0.40 +£0.47 


sanded pieces, is also average produc- 
tion. Here the difference between mule 
and ring spinning is brought out as 
there were no mule spinning data 
available for the first section. ‘The 
third section demonstrates the strength 
level of a somewhat coarser yarn. It 
can be seen that the coarser mule-spun 
yarn is now as strong as the previous 
ring-spun yarn. ‘The gain in strength 
over the previous section average is 
6.5 Ib. (3.8 per cent) for mule-spun 
yarn. The coarser ring-spun yarn is 
also 6.5 Ib. (3.6 per cent) stronger than 
the previous average. The last section 
demonstrates the effect on yarn strength 
of the introduction of Australian wool 
as a new blend without change in yarn 


count. The mule-spun level is 3.5 lb. 
6 


the 100 per cent domestic wool. The 
fiber length of the blend, however, is 
0.85 in. longer than that of the domestic 
wool. This greater length gives 
increased friction from fiber to fiber 
within the yarn before actual breaking 
occurs. Shorter fibered yarns possess 
less fiber-to-fiber friction. It is inter- 
esting to note that the blend spun on 
mules is approximately equal in strength 
to the 100 per cent domestic wool spun 
on ring frames (section 3) even though 
it is approximately 0.5 count finer. 


WooLEN SYSTEM 


The same general relations as found 
for worsted yarns hold true for yarn 
produced on the woolen system. 

The layout used for making the Navy 


— 

in 
he 
he 
in 
ot 
Ly. 
m 
ive 

a 
lb. 
ool 
the 
urn 
ses 
ne, 
ate 
ion 
nan 

the 

nt of - 

cent 
ry 
‘53 
zed. 
The 
over 
vhen 

two 
hese 

the 
tions 
ntrol 
ating 

ring 


932 VON BERGEN, HINTERMAIER, AND ULLMAN 


cloth had a 14 m. (4.33 run, 715 grex) 
yarn in the warp direction and 16 m. 
(4.96 run, 625 grex) yarn in the filling 


used for some production but in the 
filling direction only. The small amount 
of data available for these yarns made 


- 
— 
Win 
Warp 9 
3 15} 
Indigo-Chrome Indigo Indigo-Chrome Indigo 
Fic. 8.—Control Charts for Woolen Yarn. 
TABLE XI.—VARIATIONS WITHIN BOBBINS OF 14.0 m MULE SPUN WOOLEN YARN. 
Bobbin | Test No. 1 Test No. 2 Test No. 3 | Test No. 4 | Test No. 5 Average Dentetion 
STRENGTH, LB. 
104.0 | 84.0 | 80.5 84.0 91.3 11.68 
85.5 | 79.5 | 82.0 | 82.0 83.5 3.52 
90.5 93.5 | 95.5 | 89.0 92.7 2.84 
; 88.0 94.5 95.5 | 88.5 90.9 3.77 
101.0 100.0 100.5 | 104.5 101.0 2.09 
86.5 88.0 97.5 | 94.5 | 89.8 6.10 
84.0 | 93.5 91.5 89.0 88.9 3.80 
93.5 | 92.0 95.0 | 92.0 92.4 2.04 
87.0 89.0 95.0 88.0 89.7 3.11 
80.5 90.0 88.0 87.0 88.3 | 4.35 
Average.......... paras 91.4 90.1 90.4 92.1 89.9 90.9 | 
Standard deviation ........ 6.32 | 7.46 5.76 6.61 6.25 4.42 
Metric Count 
13.4 13.2 15.3 15.1 15.2 14.4 | 1.04 
14.7 15.1 15.6 15.5 15.4 15.3 0.37 
OE: 14.3 14.6 14.2 13.8 14.4 14.3 0.3 
14.7 14.9 14.4 14.1 14.4 14.5 0.31 
13.9 13.7 13.6 13.4 13.2 13.6 0.27 
15.1 14.7 14.2 13.3 13.2 14.1 0.84 
14.9 15.0 14.5 14.2 14.2 14.6 0.39 
stares 14.5 14.5 14.1 14.1 14.2 14.3 0.2 
14.7 14.6 14.4 4.2 | 14.8 14.5 0.24 
14.4 15.1 14.4 14.4 4.4 14.5 | 0.32 
Average............. 14.5 14.5 14.5 14.2 14.3 | 14.4 | 
Standard deviation ........ 0.5 0.62 0.58 0.68 0.73 0.42 | 
= direction. ‘The relation of higher warp it advisable to omit them from the 


strength is thereby achieved. 
Data from testing yarn spun on woolen 
mules were used. Ring frames were 


discussion. 


In the same fashion as for serge, the 
parallel fluctuations for yarn count 


| 
th 
tic 
ex 
th 


are shown below the control chart for 
It was necessary to test 
yarn from wool spinning production in 


yarn strength. 
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warp yarn, 14 m.; Indigo warp yarn, 
14 m.; Indigo-chrome filling yarn, 16 m.; 
and Indigo filling yarn, 16 m. Below » 


90 


80 


Breaking Strength, Ib. 
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Fic. 9.—Cumulative Curves, Woolen Yarn Strength. | 
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Fic. 10.—Strength versus Count, Worsted Yarns. 


the spinning room where varying condi- 
tions of temperature and humidity 
Figure 8 is the control chart for 
these yarns. The chart is divided into 
four sections as follows: Indigo-chrome 


Metric Count 


each section is the corresponding con- 
trol chart for count. 

The difference between successive 
points in the control graph leads us to 
seek the sources of these variations— 
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are they differences between group 
averages only or do they lie within the 
yarns? The results shown in Table XI, 
obtained on 10 bobbins from the same 
doff of mule-spinning frame, illustrate 
different strengths found in testing 
successive lengths of yarn from one 
bobbin. The differences from bobbin 
to bobbin are also shown. 

To develop the analysis of the differ- 
ences among bobbins and at the same 
time show the variations existing within 
the product of one machine, the follow- 
ing investigation was made: 100 bob- 
bins from one doff of 14 m. 100 per cent 
cape wool yarn with Z48 twist were 
selected. Each bobbin was tested five 


TABLE XII.—WOOL SPINNING SYSTEM--YARN 
STRENGTH STATISTICS. 
Mill Testing Conditions 


Warp 14 m. Filling 16 m. 
be TE bes 
2| 
|O |O 
Indigo chrome.| 340|86.8/6.61| 7.66 | 320/69.1/5.98| 8.65 
Indigo........ 300/89 .817.74| 8.6 310|74.6/6.47| 8.67 


| 


indigo bottom, chrome top. ‘The statis- 
tics of these bobbins were: 


Strength....... 91.9 |b. Count.. 

Standard devia- 5.2 lb. Standard devia- 0.5m. 
tion tion 

times. ‘The wool had been stock dyed 


The strength levels of this study are 
different from the yarn levels given in 
Table XII because of different testing 
conditions. The strength distribution 
of this special study is shown as a 
cumulative curve in Fig. 10. With the 
above standard deviation (5.2 Ib.), 
extremes of at least 76.4 Ib. and 107.5 
lb. are expected. ‘That these extremes 
actually exist in production is shown in 
cumulative curves, Fig. 9. 

For better illustration of the distribu- 
tion of strengths found in yarn from 
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various machines, the individual test 
values from the sections of the control 
chart, Fig. 8, were plotted as cumulative 
curves. The percentage of items below 
any strength level may be read follow- 
ing the instructions given in the section 
on serge. The ranges indicated by the 
cumulative curves are approximately 
33 lb. in each case. From the standard 
deviations given below, a_ theoretical 
range of approximately 40 lb. is ex- 
pected. ‘The statistics showing the over- 
all variations in yarn strengths from 
wool spinning production are given in 
Table XII. 

The same relation between levels is 
found in this yarn production analysis 
as was found in the pieces themselves 
(Fig. 3). Since the standard deviation 
of the warp and filling yarns indicates 
that there is no significant difference 
(Z test), it can be said that there is no 
difference in variability between spinning 
the two different counts. The relative 
dispersions of the two yarns are about 
equal. This is shown by the similarity 
of the coefficients of variation. 

The variations experienced in group- 
ing these tests on control charts, which 
indicate the fluctuations in production 
from many machines, are shown in Fig. 
8. The strength levels of the sections 
indicate clearly the same effect of dyeing 
method which was demonstrated in 
the piece control charts. The levels 
and expected limits of point variation 
are shown below: 


Warp Filling 
e | 33 Range Range 
for 10 for 10 
Piece Piece 
Points Points 
STRENGTH 
1 34 | 86.8 lb. | 44.9 1b. | 69.1 lb. | + 4.1 1b 
2 89.8 lb. | + 5.6 lb. | 74.6 Ib. | + 4.4 1b 
Count 
1 34 13.6 m. | +0.5m.| 15.5 m. |+ 0.6m. 
2 30, | 13.45 m.} +0.5m.| 15.3 | + 0.6m. 
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The 14 m. indigo dyed yarn is 3 Ib. 
(3.5 per cent) stronger than the indigo 
chrome yarn. The strength of the 
16 m. indigo dyed filling yarn is 5.5 lb. 
(7.9 per cent) greater than the indigo 
chrome dyed yarn. As the yarn count 
levels show, part of the increase in 
warp yarn strength is due to a slight 
increase in coarseness in both warp 
RresuME—Part IIL 


and filling. 


In the analysis of the various factors 
which affect the yarn breaking strength, 
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wool has a certain undetermined influ- 
ence upon the variations within the ° 
yarn. The way the wool is dyed has 
been shown to change the variability 
within yarns, 

There is a definite difference among 
bobbins when the two types of spinning 
are considered. The relative dispersion 
of strength tests (coefficient of variation) 
on worsted spinning is from 3 to 5 per 
cent while on wool spinning it is almost 
twice as high, ranging from 7 to 9 per 
cent. However, a significant difference 
was not found in standard deviation 


4 


100 


95 


90 


Breaking Strength, Ib. 


85 


145 


it has been demonstrated that small 
differences exist from length to length 
along the individual yarns. These 
differences are due to the complexity of 
factors involved in the passage of the 
roving or sliver through the carding, 
combing, preparing operations, plus 
those which are introduced in the actual 
spinning of the yarn itself. From ma- 
chine to machine these variations are 
approximately the same within one 
spinning system as long as the same wool 
is being used. The fiber length of the 


Metric Count 
Fic. 11.—Strength versus Count, Woolen Yarns. 


14.0 13.5 13.0 


between worsted ring spinning and 
worsted mule spinning. 

Therefore, with the exception of the 
influence of the wool blend and the 
dyeing method, the above-mentioned 
variations of strength are more or less 
of a nature which may be called assign- 
able but uncontrollable causes. 

The grouping of bobbin sample 
strengths on the control charts with 
their accompanying count figures gives 
the clue to the source of major variability 
in yarn production. There is such 
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strong effect of count on strength that 
this becomes probably the most impor- 
tant of all. It is a well-known fact 
that coarse yarns are stronger than fine 
yarns. ‘The relation, therefore, between 
count and strength should be one that 
can be demonstrated by graphic means. 

The relationship of strength and 
count for the worsted and woolen yarns 
is shown in Figs. 10 and 11. The data 
used for these curves are the 100 bobbin 
studies already mentioned (Fig. 6). 
In Fig. 10 the line of best fit is shown 
for singles and plied worsted yarn. 
The ratio of strength increase to count 
increase is logically larger for ply yarn 
than it is for single yarn. The number 
of pounds increase for each 0.1 count 
interval increase is 0.4 lb. for the single 
yarn. The rate of strength increase for 
two-ply yarn is 0.9 lb. per 0.1 count 
interval increase. 

A similar relation between count and 
strength on wool spun yarn is shown by 
the line of best fit, Fig. 11. Here with 
the coarser yarn there is an even greater 
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ratio. The change is 1.16 lb. per 0.1 
count interval. 

The equations for the above lines of 
best fit are as follows: 


Singles worsted. . 1/26m. Ye = 70.0 + 0.378 X 
Worsted............. 2/26m. Ve = 174.6 + 0.884 X 
Wool spun.... 144.2 m. Ve = 92.254+1.16 X 
where Yc = the calculated strength in 
pounds, and 
X = one interval of 0.1 m. 
count, 


the third member of the equation is the 
observed average strength at average 
count. 

In general, therefore, the same rela- 
tion of increasing strength with increas- 
ing yarn coarseness holds true for all 
yarns disregarding blends, twists, and 
plies. The above is limited in its 
application to a fairly narrow range of a 
few counts above and below the average. 
It is certain that the tests shown here are 
only a small part of the long curve of 
best fit which represents all possible yarn 
count and strength relations. This 
curve is not a straight line 


Part III—Errect or Twist ON BREAKING STRENGTH 


A further consideration in the manu- 
facturing of yarn for military fabrics is 
the amount of twist the yarn should 
have. The specifications for the serge 
state that the yarn shall have sufficient 
twist to insure a character of cloth as 
shown by the standard sample. The 
governing factor for selection of twist is, 
therefore, the appearance of the finished 


cloth. The effect of twist on strength © 


is usually neglected though spinners 
know that it has a definite influence. 

In order to evaluate the effect of twist 
on strength and count, tests were con- 
ducted on both worsted and woolen 
yarn. 


WORSTED 


The basis for demonstrating change 
in strength was a 2-ply yarn with zero 


turns. This was developed by testing® 
20 bobbins of ring spun 1/26 m. 240 
yarn from one doff for count and break- 
ing strength, then doubling without twist 


TABLE XIII.—RELATION BETWEEN STRENGTH 
AND TWIST—WORSTED YARN 
26 m. Ring Spun. 
| x1 | 
| 
£2 |22| 222) 5 
Singles..... 20 | 72.4 | 248 25.8 
Doubled. ... 10 ™ 100.07 0 | 12.9 
0T ply | 15 |157.5| 7.8 | $19.6 | 13.1 
30T ply | 15 |170.3 16.7 $29.5 13.1 
IT ply | 15 1181.4] 24.2 | $39.1 | 13.0 
|185. 1 26.8 $48.9 12.9 
_ i re |! 5 1186. 6| 27.8 $60.1 | 12.6 
Base. 


8A steaming operation is ngeomery to equalize the 
stresses set up by twisting. The bobbins are assed 


through a steaming machine 10 min. at 160 F. then all lowed 
to rest 24 hr. in the conditioned testing room—65 per cent 
relative humidity and 70 F.—before testing. 
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and retesting. The figures are given 
in Table XIII. Any change in strength 
that results from twisting the plies 
about each other will therefore be the 
result of the twist itself. 

Thirty bobbins of the same yarn as 
above were picked at random from the 
same doff. Each bobbin was tested 
four times (100-meter skeins) for strength 
and count, selecting the bobbins at 
random from a large basket. 


0 10 20 30 40 50 60 70 
Turns per 10 cm. 
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Fic, 12.—Strength versus Twist, Worsted 
Yarns. 


After the strength and count of the 
individual bobbins were established, 
pairs of bobbins in the random order of 
testing (1 + 2, 3 + 4, etc.) were plied 
together in successive groups of gradu- 
ally increasing S turns per 10 cm. In 
order that these various twist groups 
could be identified, each was put on a 
bobbin as a separate independent length; 
thus the first layer was 330 Meters long 
with a specified twist of 20 turns, the 
second layer was 330 M long with a 
specified twist of 30 turns, etc. See 
Table XIII. Fifteen bobbins of two- 
ply yarn for each of the five specified 
twists were thus produced. 

The number of tests that could be 
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made was limited by the length® of yarn 
available on each singles bobbin as it 
was not considered desirable to utilize 
yarn from other bobbins in this test. 
Each twist group permitted only three 
tests for count and breaking strength 
on each bobbin giving a total of 45 
tests each for count and strength of each 
specified twist. In order to determine 
how accurately the specified twist had 
been met, the actual twist of each layer 
was also measured. This is shown as a 
separate column in Table XIII. a 
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Fic. 13.—Strength versus Twist, Woolen Yarns. 


The data show that the breaking 
strength increases greatly up to about 
50 turns. After 50 turns, the curve of 
strength increase flattens out. The 
maximum strength is reached at 60 
turns, which was the end of the test 
(see Fig. 12). There was an increase 
in strength by twisting of 27.8 per cent 
over the parallel pair of singles yarns. 


WooLeN YARN 


The same investigation was conducted 
on single 14-m. mule-spun woolen yarn 
(see Fig. 13). In this case an unlimited 
length of roving was available so that 
closer steps of twist increase could be 
made. Twenty bobbins were prepared 
for each twist starting at $27 per 10 cm. 


° Approximately 2100 meters. 
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and increasing to $77 in steps of five 
turns. Each bobbin was tested 5 times 
for twist, once for count, and once 
(100 meters skein) for strength (see 
Table XIV). 


TABLE any. —RELATION BETWEEN STRENGTH 
D TWIST—WOOLEN YARN. 


14 m. mule spun. 


ge | | 3&5 
2” a” 3 
27 20 76.8 79.2 27.1 14.3 
32 20 86.1 88.7 30.9 14.2 
37 20 89.1 91.8 37.2 14.2 
42 20 91.1 93.9 41.5 14.4 
47 20 96.3 99.3 45.3 14.0 
«$2 20 97.0 | 100.0% 51.2 13.9 
57 20 95.4 98.4 54.7 13.9 
62 20 96.8 99.8 60.4 13.8 
67 20 98.8 | 101.7 63.5 13.3 
72 20 96.5 99.5 70.6 12.9 
77 20 93.0 95.9 75.6 12.8 
@ Base 


The curved relation between twist 
and strength indicates very clearly 
that the maximum strength which may 
be achieved is approximately 100 lb. 
There is a definite break in this curve 
with resulting loss in strength due to 
the effect of overtwisting. As _ the 
amount of over-twist increases, the 
strength loss becomes progressively 
greater. 

The two curves shown in Figs. 12 and 
13 were smoothed to equalize sampling 
fluctuations. The uniformity of the 
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wool roving is such that it yields a some- 
what more variable product. 

From the above curves it can be seen 
that small variations of twist number 
around the normal (that figure which 
has been found by experience to be 
satisfactory) cannot have any great 
influence on the strength. A definite 
end point for practical strength increase 
exists for each yarn size. Twisting to 
this optimum gives the best spinning 
production when strength is the only 
consideration. 

As more and more turns of twist are 
inserted into the yarn, the count becomes 
rather uniformly heavier due to the 
take-up. This effect could not be dem- 
onstrated clearly in the _ ring-spun 
worsted yarn trials. The superimposing 
of an § twist in plying upon a Z twist 
in the singles yarn reduces the singles 
twist and, therefore, changes the count 
of the individual plies. In the woolen 
yarn there is no complicating effect 
of the ply twist; therefore, the change 
in count with change in twist is clear. 

To sum up the effects of variations in 
twist on strength: the small differences 
in twist as would occur in normal 
production have no influence at all 
upon the strength of the yarn. It is 
only when large differences in twist 
occur that an effect on yarn strength 
and count can be found. | 4 


Part IV—INFLUENCE OF DYEING ON STRENGTH 


- It has long been known that dyeing 
techniques have a great influence on 
strength of dyed wool. Of the two 
main methods used in applying chrome 
colors, the top chrome and the meta- 
chrome method, the latter is generally 
accepted today as the better when the 
preservation of strength is paramount. 
In this study we have an additional 
proof of this effect on worsted goods. 
In stock dyeing of navy blues, one of 


the oldest disputes is whether indigo or 
vat colors as opposed to chrome colors 
should be used. The war has again 
brought this question to the fore and a 
clear answer is given in this paper with- 
out equivocation. From the _ levels 
shown in the melton control charts, it is 
apparent how much stronger indigo 
dyed wool is than indigo chrome dyed 
wool. 
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Worstep Top DyEING 


Since the worsted top was all meta- 
chrome dyed, data from another mili- 
tary fabric, elastique, must be utilized 
for demonstrating the differences in the 
two main methods of worsted top dyeing. 
The dyeing was done in ball form using 
Longclose machines. Australian top of 
21 microns fineness was selected for this 


trial. The dyeing procedure was as 
follows: 
Top Chrome 
Erio chrome azurol BX........... 2.14 per cent 
Erio chrome blue black RZ........ 0.98 per cent 
0.89 per cent 
Acetic acid, 80 per cent........... 2.68 per cent 
Formic acid, 1.8 per cent 
To boil. . 
Chrome .. 1.8 per cent 
Formic acid 90 per cent............ 0.5 per cent 


Metachrome 
Alizarine blue black B .. ........ 
Erio chrome olive BL........... 
Alizarol brown EB............. 
Acetic acid, 80 per cent... ..... 


0.74 per cent 
. 0.94 per cent 
. 0.45 per cent 
. 3.57 per cent 


1.52 per cent 


The tensile strength of the fibers from 
the natural white top and from the 
above dyed top were tested with the 
bundle test. The testing results of top, 
yarn, and pieces are shown in Table XV. 

The fiber strength shows clearly the 
advantage .o be gained by using the 
shorter dyeing time of the metachrome 
dyeing process. When compared with 
the undyed top the reduction in bundle 
strength after 25 hr. boiling time is 
1200 psi. (6 per cent). ‘The top chrome 
process with 3% hr. boiling time reduces 
the strength 3000 psi. (15 per cent). 
That this strength difference of 9 per 
cent between metachromeand top chrome 
dyed top directly affects the yarn and 
piece strength is clearly brought out by 
the data. The variation within the 
tests indicates no significant differences 
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in variability of strength between the 
two tests though both are significantly 
larger than the variations in the natural 
white wool. This is easily understood 
because the deteriorating influences are 
not completely uniform on every fiber. 

The metachrome dyed filling yarn is 
5.4 lb. (6.1 per cent) stronger than the 
top chrome yarn, which in turn is 


TABLE XV.—STRENGTH-DYEING RELATION. 
FIBER STRENGTH TOP 
Top | Meta- 
oy Chrome | chrome 
yed ye 
Number of bundles........... 15 15 15 
Average strength, psi......... 20 000 | 17 000 | 18 800 
Standard deviation, psi.. 390 960 880 
0 3% 2% 
YARN STRENGTH 
Top Chrome | Metachrome 
Warp |Filling | Warp |Filling 
Number of shelns aneaescd 1 0 10 10 
pC ae 1/45 | 1/23 | 1/45 | 1/23 
Average strength single 
35.5 | 87.9| 37.4| 93.3 
100.0 | 100.0 | 105.3 | 106.1 
Elongation, per cent. 11.4 16.8 14.7 | 22.1 
Strength after plyingi into 
100.0 105.7 
Elongation after plying, 
Finished piece® strength, 
145 78 157 83 
| ee 100.0 | 100.0 | 108.2 | 106.4 


“ Average of 5 pieces, 4 tests in each direction. 


responsible for 5 lb. (6.4 per cent) 
increase in the piece strength. The 
metachrome dyed warp yarn is 5.5 lb. 
(5.7 per cent) stronger. In the piece 
the difference amounts to 12 lb. (8.3 
per cent). It is probable that part of 
this large difference is due to sampling 
fluctuations. 

The influence of dyeing on the physical 
properties of yarn are further indicated 
by the figures for elongation. In all 
cases the shorter dyeing time (meta- 
chrome) preserves the elasticity. 
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Stock DYEING resulted. The indigo process involves 
2 dips of 6 min. each in a continuous 
train constructed similarly to a scouring 
train. The bath temperature is main- 
tained between 135 and 140 F., and 
the total processing time is 35 min. 

It is interesting to note that the 


strength superiority of the indigo process 


The previous trials to produce the 
required Navy shade stock dyed with 
chrome colors, proved that the Navy 
strength requirements could not be met 
satisfactorily. The few pieces made 
showed a strength level in the warp 
between 50 to 54 Ib. and a strength level 


in the filling between 40 to 45 lb., which over the indigo-chrome process is 
TABLE XVI.—DYEING PROCESS. 
Top Chrome Indigo-Chrome Indigo 
black 10 | Indigo, 2 dips............ 40 
3.5 
0.2 Chrome Topping 
Erio chrome blue black RZ.......... 3.0 
Alizarine blue black B............... 1.0 
Monachrome red FGA..............- 0.3 
Acetic acid, 80 per cent......... 2.7 | Acetic acid, 80 per cent.............. 3.0 
Formic acid, 90 per cent......... 1.8 | Formic acid, 90 per cent........... 0.5 
BREAKING STRENGTH 
Yarn Mill Specification Top Chrome Indigo Chrome | Indigo ; 
87 71 87 90 
100 81.6 100.0 103.4 
72 59 69 75 f 
100 81.9 95.8 104.1 
Pieces Navy Specification 
re 58 52 63 72 
was in the case of the warp 10.3 percent greater in piece goods than in yarn. : 
and in the case of the filling 8.7 per cent The indigo yarn is 3 to 8 per cent it 
below the specifications. With the intro- stronger while the indigo pieces are 16 la 
duction of an indigo bottom applied in to 21 per cent stronger. In the worsted yi 
one dip at a temperature of 140 F., metachrome dyed goods, little difference fy 
of could be found between yarn and piece 
strength superiority (approximately 6 (3 
erably, but still not completely above er cent) a 
. . . 
specifications, as seen in Fig. 4. How- 

. aie Table XVI gives the details of dyeing a 
ever, the continuous process of indigo a th i sth 
dyeing on loose wool eliminated the ARG resus. in 
topping with chrome colors and thus Further reference to the effect of de 
the damaging effect of high temperature, piece dyeing upon strength is made in th: 
and a further rise of the strength level the next section of this paper. 
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Such mechanical influences in design 
and weaving layout as changes in ends, 
picks, width in the loom, sizing and not 
sizing are readily segregated by a knowl- 
edge of the manufacturing process in- 
volved. Various other influences in 
finishing were studied with the intention 
of proving whether certain long-time 
considerations were valid. Previous 
figures gave the extent of strength 
variations in yarn. It is, therefore 
necessary to determine how piece 
strength variations are effected by finish- 
ing operations. Does finishing enlarge 
or reduce the range of possible strengths? 
Does fulling actually make a cloth 
stronger? What are the effects of final- 
finishing operations such as decating 
and pressing? 

Samples through finishing were taken 
before and after major operations. All 
of these samples were tested under 
standard conditions of temperature and 
humidity. The purpose of these was to 
follow the strength changes from gray 
piece to finished piece. a 


ULLING 


Fulling is the first operation on both 
of the gray goods in this study (see 
flow sheet of cloth manufacture’). 
The results of testing fulled goods 
indicate definitely that there is no simi- 
larity between worsted and wool spun 
yarns in their strength change in the 
fulling process (Table XVII). The 
serge was unchanged or slightly weakened 
(3 per cent loss in strength) while the 
more extensively felted melton showed 
a definite gain in both warp and filling 
strength. The main function, then, 
in the fulling of worsted pieces is to 
develop quality, that is, texture, rather 
than produce a strength change. 


10 See p. 918. 


PART V—VARIOUS OTHER INFLUENCES i+ | 


For wool spun pieces the function of 
fulling is divided between developing 
texture and strength. As can be seen 
from the weaving layout of the melton, 
an increase in pick number from 45 to 
55 per inch is required. This amounts 
to a 22 per cent shrinkage in length. 
The width must be reduced from 853 in. 
in loom to 55 in. finished, equal to 36 
per cent shrinkage. The surface charac- 
ter of a melton is such that fiber matting 
covers the yarns completely. Thus the 
maximum fiber interlocking (and abso- 
lute strength)" must be developed by 
the fulling operation. Table XVII indi- 
cates the average gain by fulling in 
warp strength for stock-dyed pieces 
is 12 lb. (22 per cent) over the gray 
strength. The filling gained an aver- 
age of 10 lb. (20 per cent). 

The gray goods used for the piece- 
dyed melton show a different change in 
fulling than the wool-dyed goods. As 
can be seen from the table, the gain over 
the gray strength is only 16 per cent 
for warp. The change in filling strength 
is unexplainably low especially for white 
goods. 

The data of Table XVII give the 
absolute strength increase or loss of the 
pieces from gray to finished in terms of 
pounds per grab test. When these 
pounds per test are calculated in terms 
of breaking strength per yarn, an entirely 
different picture is found. Due to the 
chemical and physical operations in- 
volved in finishing the cloth, there is a 
loss in strength of the individual yarns. 
In the serge specifications it was pointed 
out that there exists a lack of balance 
in yarn strength demand. The filling 
is expected to be 17 per cent stronger 
than the warp. The justification of the 
criticism of this unbalance is found in 
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the strength per yarn given above. 
The filling can reach the same load- 
carrying strength per yarn as the warp 
but not greater. The serge actually 
becomes weaker through finishing both 
in the absolute cloth strength and the 


filling direction. The main reason for 
the breaking strength loss is the distor- 
tion of the fiber parallelism by fulling. 
The high warp strength loss (10.5 per 
cent) is probably a fluctuation effect 


in the small sample available 4 


TABLE XVII.—STRENGTH CHANGES IN VARIOUS FINISHING PROCESSES. 
(Standard conditions) 


| | ne 
Fulled and Carbonized | 
Ib. ized Strength, Ib. per cent 
pieces ‘ 
Warp | Filling | Warp |Filling| Warp |Filling| Warp | Filling | Warp Filling 
Serge: 
Average production. ... 10 149 124 147 122 152 122 i 
Strength per yarn....... 2.40 2.44 2.37 3.30 
New blend. Saeenarue 5 159 128 152 124 157 126 
Strength per yarn....... 2.68 2.52 2.41 2.44 | 10.5 ae 
Specifications. ..... 1.76 2.04 
Melton: 
Indigo-chrome.......... 10 51 46 62 64 54 66 54 . 
Strength per yarn....... 1.19 0.98 1.08 0.96 | 9.3 2.0 
TI isacdinceeseuan 10 57 53 71 63 70 63 72 62 
Strength per yarn....... 1.53 2.85 1.18 1.07 | 7.8 6.9 
Ready to Dye 
’ Err 8 55 56 64 58 65 55 61 51 
Strength per yarn....... 1.28 1.22 1:00 0.89 | 21.9 | 27.1 
Specifications. .......... 0.97 0.84 
ABSOLUTE STRENGTH CHANGE IN FULLING 
Gain over Gray 
Warp Strength Filling Strength 
Ib. per cent Ib. per cent 
Serge: 
Average production............ —2 —1.3 —2 —1.6 
-7 —4.4 —4 3.1 
Melton: 
Indigo chrome.......... 11 21.6 17.3 
Piece dyed melion: 


relative load-carrying yarn strength. 
This relative loss amounts to 1.3 per 
cent in the warp and 3.3 per cent in 
filling for the 100-per cent domestic 
serge. The blended-wool serge 
has a loss in relative strength of 10.5 
per cent in warp and 3.2 per cent in 


In the case of the melton which is 
heavily felted, the absolute cloth strength 
shows a large gain from gray to finished. 
The loss in relative strength, however, 
is greater than was observed in the serge. 


This is probably a direct consequence 
of the longer melton fulling time: 120 


1 
I 
71 
0 
is 
ti 
ti 
de 
iz 
mi 
_ eq 
izi 
for 
cor 
aci 
wo 
tah 
|: 
SO 


to 210 min., as compared with 45 to 
60 min. for the serge. The loss in rela- 
tive strength amounts to 9.3 per cent 
in warp and 2 per cent in filling for the 
indigo-chrome-dyed pieces. ‘The indigo- 
dyed piece lost 7.8 per cent in warp 
and 6.9 per cent in filling. 


Prece DYEING 


The figures for the piece-dyed melton, 
indicating a relative loss of 21.9 per 
cent in warp and 27.1 per cent in filling, 
are the highest found. The higher 
relative loss of the piece-dyed melton is 
probably due to the additional action 
of the boiling dye bath to the normal 
change caused by finishing operations. 
The stock used in these pieces was 100 
per cent domestic wool. 

Since the wool is domestic rather than 
Cape and since the pieces are undyed, 
the gray strength level is slightly differ- 
ent from the indigo-dyed gray pieces. 
The strength level of the piece-dyed 
goods in the finished condition is 6 to 8 
per cent below its ready-to-dye level. 
This loss is directly traceable to the 
piece-dyeing operation. Studies made 
on civilian styles show that 5 per cent 
is about the minimum change that will 
take place. According to the length 
of dyeing operation (number of addi- 
tions) the piece strength gradually 
decreases. 


CARBONIZING 


The piece-dyed meltons were carbon- 
ized after dyeing, whereas the wool-dyed 
melton was carbonized at a_ stage 
equivalent to “ready to dye.” Carbon- 
izing before or after dyeing has not been 
found to make any difference on strength. 

The carbonizing was carried out with a 
controlled minimum amount of sulfuric 
acid, approximately 5 per cent, which 
would accomplish destruction of vege- 
table matter. Oven temperatures (bak- 
ing at 200 F.) are carefully controlled 
so as not to burn the wool. The 
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neutralizing process was also controlled 
so that a minimum of soda necessary to 
neutralize the acid in the shortest 
practical time was used. The above 
controls were found necessary to mini- 
mize harmful reactions with consequent 
increase in variability of production. 


SANDING 


Figure 1 shows that the effect of 
sanding upon the average filling strength 
of serge may be as high as 11 lb. (9 per 
cent). The effect on the warp is some- 
what less (5S per cent). Since the filling 
fibers lie at right angles to the direction 
of rotation of the sanding drums, they 
are readily cut by the sand grains. The 
warp fibers are more nearly parallel; 
therefore, less cutting takes place. The 
same consideration holds true for the 
napping process using wire-covered nap- 
ping rolls. 


DECATING AND PRESSING 


Various practical trials conducted 
to show the effect of open decating led to 
the conclusion that this operation, apart 
from residual moisture, had little or no 
effect on strength. However, unless 
the moisture content of the pieces was 
either controlled or brought to equilib- 
rium under standard testing conditions, 
wide variations in strength would be 
attributed to the decating operation. 
Slight dimensional changes in length 
and width were found. These simply 
change the texture, increasing or de- 
creasing ends and picks per inch, thereby 
altering the strength. 

Closed decating on the other hand, 
which is conducted under steam pres- 
sure, produces a definite reduction in 
strength. While this operation was not 
in the finishing routine for either of the 
fabrics in this study, tests on other 
cloths” have shown a reduction in 
strength of 13 to 14 per cent. 


12 Tropical worsted for the Navy, worsted gabardine 


for the Army. 
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Cylinder pressing, which is carried 
out by passing the pieces between a 
steam-heated rotating cylinder and a 
fixed curved steam-heated bed, has 
three influences on strength. The first 
is that of drying out the piece to a low 
(2 per cent or less) moisture content 
with the accompanying reduction in 
strength due to moisture alone. The 
second is the stretching of 3 per cent or 
more, depending upon the clearance 
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MOISTURE 


The influence of variatio1 


ns in mois- 
ture upon breaking strength has long 


been known. The curve for melton 
indicates that between zero and approxi- 
mately 8 per cent, there is a steady rise 
in strength as the moisture content 
increases. From about 8 per cent on, 
strength rapidly decreases until approxi- 
mately 25 per cent moisture content 
is reached; from then on the rate of 
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Fic. 14.—Strength versus Moisture Content. - 


between the cylinder and bed. This 
dimensional change causes a definite 
reduction in number of picks per inch 
with consequent reduction in filling 
strength. The third effect, that of 
heat, since the cylinders are operated 
with pressure up to 100 psi. approxi- 
mately equal to 338 F., is an unknown 
factor though it could only result in 
reduction of strength. However, the 
time of contact (approximately 12 sec.) 
is rather short for any serious damage 
to occur as long as the cloth is kept 
moving. 


strength change becomes progressively 
less until saturation, see Fig. 14. The 
curves for serge follow approximately 
the same pattern. 

It is thus evident that one of the 
fundamental factors controlling break- 
ing strength levels is the moisture 
content of the material being tested. 
This variation is brought to a minimum 
under standard conditions. The tests 
made under mill conditions are, there- 
fore, subject to considerable fluctuations 
as the relative humidity in the room 
changes. The moisture content of the 
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cloth from the previous process is an 
equally important factor. Whenever 
mill test results were suspected of being 
unduly influenced by moisture, duplicate 
samples were submitted to test under 
controlled conditions. In this way the 
effect of wide fluctuations on breaking 
strength were at least partly determined 
and full weight was not given to a 
change in strength unless it could be 
proven exist under standard 
conditions. 

Even under controlled conditions of 
65 per cent relative humidity and 70 F., 
equilibrium moisture content depends 
on whether the wool reached its moisture 
balance from the dry side or the wet 
side.“ The moisture content of loose 


This study of the factors influencing 
the breaking strength of Army and 
Navy fabrics shows that the raw mate- 
rial chosen is one of the primary factors. 
Yarns from fine domestic wools are 
generally weaker due to their shorter 
fiber length than Australian or Cape 
wool yarn of similar fineness. A change 
in the blend affected the strength level 
of yarns and pieces as a whole. In the 
case of a 50 to 50 domestic-Australian 
wool blend, the strength increased 5 
to 8 per cent over that of the 100 per 
cent domestic blend. 

The method chosen to dye the wool 
or top is another primary factor in the 
ultimate strength level. The length of 
time the wool is in contact with the dye 
bath and the temperature of the dye 
bath are the two most important factors. 
In this connection the metachrome 
dyeing process with its shorter time 
produced 6 to 8 per cent stronger pieces 
than the top chrome dyeing process. 
Continuous indigo dyeing with its short 
immersion time and low temperature 
yielded pieces which averaged about 
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wool or top is approximately 14 per 
cent when equilibrium is reached from 
the dry side and approximately 16 per 
cent when equilibrium is reached from 
the wet side. In finished fabrics, due 
to the effect of the various treatments, 
the moisture absorption or desorption 
is approximately 2 per cent lower, 
respectively 12 per cent and 14 per cent. 

From frequent tests on samples at the 
mill testing station, it was found that 
the moisture content was usually in 
the neighborhood of 6 to 8 per cent. 
It is, therefore, evident that the mill 
testing, quite by accident, was carried 
out at a moisture level near that of 


maximum strength. 


13 The determinations for Fig. 14 were carried out from 
the wet side. 


25 per cent above the specified strength. 
In the case of the indigo-chrome com- 
bination the strength level was 10 to 
15 per cent above, whereas the chrome 
dyed wool produced pieces which were 
approximately 10 per cent below specifi- 
cations. 

The variations introduced into the 
strength picture by the spinning process 
are of a varied nature. The yarn count 
directly affects not only the strength 
of the yarn itself but also of the fabrics. 
A change of half a count metric in the 
two-ply serge yarn resulted in a 4 per 
cent increase of the yarn strength. 

Therefore, control over yarn count, 
that is, holding yarn fluctuations within 
small limits, will result in a reduction of 
the variations in eventual fabric strength. 
The relationship between single yarn 
strength and plied yarn strength has 
been demonstrated. It was shown that 
the ply worsted yarn, by reason of the 
doubling twist, is about 25 per cent 
stronger than twice the single yarn 
strengths. 
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The yarn produced on ring spinning 
frames is 2 per cent stronger than the 
yarn spun on mules. The amount of 
the difference, nevertheless, is not large 
enough to be of great importance. 

The yarn breaking strength varied 
directly with the amount of twist to a 
certain maximum. Further insertion of 
twist then reduced the breaking strength. 
A definite end point for practical 
strength increase exists for each yarn 
size. Small differences in twist within 
the range that occurs in normal produc- 
tion have little or no influence upon the 
strength of the yarn. It is only when 
large differences in twist occur that an 
effect on the strength will be noticed. 

By the comparison of variations of 
worsted and wool yarn, indications of the 
inherent manufacturing uniformity levels 
and variations have been revealed. By 
reason of the complexity of the worsted 
yarn system small inequalities tend to 
be averaged out through the long 
preparatory processes before actual spin- 
ning takes place. This is not the case 
in the woolen system. Variations in 
roving off the cards is directly trans- 
mitted to the yarn as there are no inter- 
vening equalizing operations. Assign- 
able causes of variation of this type, 
due to the manufacturing process, can 
be minimized by strict control but not 
completely eliminated without radical 
alteration of the process itself. 

The foregoing comments upon manu- 
facturing operations previous to weaving 
indicate that the material with which 
the weaver has to work is by no means 
uniform. Since weaving is a combining 
operation, the yarn variations are car- 
ried over directly into pieces and form a 
part of the ultimate variations found in 
finished cloth. 

In order to bring the factors influenc- 
ing the breaking strength of Army and 
Navy cloth to a common ground, the 
coefficients of variation,’ that_is, the 


relative variabilities, previously men- 
tioned, are grouped in Table XVIII. 
The coefficients are completely different 
for the two spinning systems. Wool 
spinning has more than twice the 
variability that the worsted system has. 
This generalization holds true for the 
piece goods. The data show that the 
strength variations in the yarns are 
directly responsible for the strength 
variations in the cloth. However, the 
worsted trend is toward increase in 
variability as manufacturing progresses. 
On the other hand, the woolen system 
trend is the reverse. Evidently, the 
reaction of the product of wool spin- 
ning is toward a loss of variability, 
that is, gain in uniformity. 
TABLE XVIII—COEFFICIENTS OF VARIATION 
(PER CENT) THROUGHOUT 
MANUFACTURING. 


Worsted Woolen 


Domestic Blend 
3 = 3 

4.0 | 8.6 | 8.7 
Pieces Gray.......... 4.4 | 4.0 | 4.4 | 4.0 | 5.8 | 7.0 
Finished 4.3 | 5.2 | 4.5 | 4.4 | 6.0 | 8. 


The effect of fulling on worsted pieces 
is just opposite to that on woolen pieces. 
While the woolens gain in absolute 
strength, worsteds remain unchanged 
or become weaker, but both show a loss 
when breaking strength per thread is 
considered. 

Carbonizing and neutralizing in piece 
form, when properly controlled, have 
very little effect. The effect of surface 
disturbing operations, such as sanding 
and napping, can be measured directly 
by the change in breaking strength. 
Operations designed to produce a cer- 
tain touch such as decating and pressing 
have a complicated influence, the great- 
est part of which is the moisture content 
of the cloth when testing is performed 
under mill conditions. 
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a ON BREAKING STRENGTH OF FABRICS 


There is a definite peak strength to be 
associated with moisture content of 
approximately 8 per cent. Higher or 
lower moisture content yields lower 


TABLE XIX.—PREDICTION OF STRENGTH. 


Yarn strength needed: 


Worsted Woolen 


Fill- Fill- 
ing ing 


Warp Warp 


pS Eee 166% | 180 | 87 72 

Standard deviation......... 8.0] 7.0 
Gray piece strength needed: 

143 120 55 52 

Standard deviation. 7.0) 6.0) 4.0] 5.0 


Finished piece strength needed 
to pass specification 100 


per cent 
120 | 110 | 58 46 
141 128 | 70 61 
Standard deviation........ 7.0} 6.0} 4.0!) 5.0 


a Actual producticn = 193 Ib. 


strength. The moisture level of con- 
trol testing at 65 per cent relative 
humidity and 70 F. is not that of 
maximum strength. 

The vital question of whether the 
manufacturer can predict his finished 
piece strength has been answered in the 
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foregoing presentation. It may be 
summed up in Table XIX. 

The results of control testing through- 
out manufacturing enabled the setting of 
minimum strength averages to be main- 
tained. The figures above give these 
levels. The finished piece averages" 
were set high enough so that the normal 
fluctuations would not cause any piece 
to fail specifications. The yarn and 
raw piece averages were then adjusted to 
give the desired finished piece level. 
Greater standard deviations than those 
given necessitate the maintenance of 
higher average levels whereas smaller 
standard deviations permit maintenance 
of an average level closer to the specified 
minimum. From an economical point 
of view, this is the goal to achieve. 

These observations provided informa- 
tion as to the present state of manu- 
facturing variations and also indicated 
lines of further research into the funda- 
mental factors causing these variations. 


4 According ‘to the standard deviations given; these 
are 3 sigmas above the specification. 
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TESTING PROCEDURES 

The number of tests is so calculated that the sample size in general gives us a_ probability 
of at least 0.90 and a sampling error not exceeding 3 per cent. (See Proposed Recommended 
Practice for Calculating Number of Tests to Be Specified in Determining Average Quality 
of a Textile Material A.S.T.M. Standards on Textile Materials, Appendix VI, p. 341 (1943) 


(Issued as a separate publication.)) : 

The data on test procedure as regards frequency of piece sampling are given in the first 

part of this paper. The sample sizes used for the pieces, yarn, and fiber references are 
given below: 
1. Fineness..................2 to 4 samples of top or roving daily, 100 fibers per 
sample. 

2. Worsted Yarn: 

(a) Strength.............Five 100 M. skeins—one from each of 5 bobbins = 
1 sample. One sample per day. Different spinning 
machine each day, tested under standard conditions. 

(b) Twist singles....... Four 25 cm. lengths per bobbin from each of 5 bobbins, 
retwist method. ‘Tested under standard conditions. 
Reported as number of turns per 10 cm. 

Ply.................T wo 50 cm. lengths from each of 5 bobbins, open twist 
method. Tested under standard conditions. Re- 
ported as number of turns per 10 cm. 
3. Wool Yarn: 

(a) Strength..... ........Five 100 M. skeins—one from each of 5 bobbins = 
1 sample. One sample taken from each doff. Mill 
conditions for control purposes. 

4, Pieces.....................(a) Four tests on warp, four on filling (same group of I 
threads); under mill conditions. Sampling _pro- are 
cedure—see part 1. In order to further insure that pla 
the previous process had a minimum effect on the inte 
strength, a routine was established so that strips of The 
cloth hung from a line for 3 to 4 hours in a large Mi 
open room before testing. 7 

(b) Five tests on warp, five on filling (different groups sper 

Oo of threads); tested under standard conditions. sure 

5. Machines..................Strength: Scott app 
Twist: Suter cha 

‘The various significance tests used are standard statistical procedures.’ The “T”’ test por 
for differences in means and the “Z”’ test for differences in standard deviations, eliminate plic 
the guesswork attached to comparison of these levels. When differences larger than those mui 
_ which could be caused by chances sampling fluctuations (95 per cent probability) are The 
found, it is fairly safe to say that they are “‘real’”’ and dependable, that is, significant. Since ond 
all difference testing rests on sample size, special reference to this factor is made. In some inf 
cases no additional samples were available and our conclusions rested upon perhaps what — 
might be considered a small sample. . _ cree 
mat 
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SHORT-TIME STATIC TESTS AND CREEP TESTS OF A PAPER 
LAMINATED PLASTIC 


By W.N. FINDLEY! AND W. J. WorLey' 


SYNOPSIS 


Short-time tests of a Mitscherlich paper laminate in tension, 


compres- 


sion, and torsion show the strength and stiffness of this material under 


strain, and at a constant temperature of 77 F. and relative humidity of 50 


Results of long-time tension creep tests of specimens at eight different 
values of stress are reported. Creep was recorded over a period of 7000 
hr. at the same constant temperature and humidity used for the short-time 


rate of creep and total creep. Creep properties of this laminate are also 
compared with creep properties of other plastics. 


ail 
IN Ernprrv! aw 
static loads. All static tests were conducted at the same rate of tensile 
in. 
per cent. 
tests. The creep tests are analyzed to show the effect of stress on the 


High-strength paper-base laminates 
are among the recent developments in the 
plastics field which are of considerable 
interest as potential aircraft materials. 
These laminates, made from special 
Mitscherlich paper impregnated with 
special resins and molded at low pres- 
sures, are currently finding a number of 
applications in which the load-carrying 
characteristics of the material are im- 
portant. Three examples of such ap- 
plications are aircraft wing tips, am- 
munition boxes, and fuselage sections. 
The tests reported in this paper were 
undertaken in order to provide needed 
information on the static strength and 
creep characteristics of this class of 
material. 

The following tests were performed at 
a temperature of 77 F. and a relative 
humidity of 50 per cent: (1) static ten- 


Assistant Professor and Instructor, respectively, of 
rh eoretical and Mechanics, of Engineer- 
g, University of Illinois, Urbana, I 


sion tests of specimens cut parallel and 
transverse to the grain of the paper; (2) 
compression tests of specimens cut with 
and across the grain; (3) torsion tests of 
specimens with the long axis cut parallel 
to the grain; (4) and creep tests under ten- 
sion loading of specimens at eight differ- 
ent values of stress (specimens cut parallel 
to the grain). Values of compressive 
strength, tensile strength, yield strength, 
and modulus of elasticity were obtained 
from all of the static tests. All such 
tests were (as described below) con- 
ducted at nearly the same rate of tensile 
strain. 

Several investigators have reported 
creep tests of both thermoplastic (1, 3, 
4, 6, 7, 8)? and thermosetting types 
(2, 5, 9, 10, 11) of plastics. Most of 
the reported tests have covered only a 
very limited range of stress values and 


?The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references ap- 
pended to this paper, see p. 965. 
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in many cases a limited duration 

from 1 or 2 hr., in a few cases, to 1000 
or 2000 hr. So far as the authors are 
aware, no creep tests of a Mitscherlich 
paper laminate have been —_— 


Material: 


The laminate for these tests was sup- 
plied by the Taylor Fiber Co. in Decem- 
ber, 1942, and was made of high-strength 
Mitscherlich paper bonded under low 
pressure with a low-pressure type of 
phenolic resin. The Mitscherlich paper 
was made from wood pulp by the sulfite 
process. It was manufactured by Wis- 
consin Water Power and Manufacturing 
Co., and had the following character- 
istics: 


Ream weight (480 sheets 24 by 


3.3 points 
Mullen test............ 30.3 psi 
Gurley densometer test....... 20.4 sec. 

Absorbency (5 min. in 16ths of 

Tensile strength with the grain 

Tensile strength across the 

grain (1 in. wide).......... 11.6 psi. 


The Bakelite Corp. manufactured the 
single-stage resin (BV-16-238) and the 
catalyst (BK-16-253) used in setting the 
resin. As received the viscosity of the 
resin was 1389 centipoises at 80 F. For 
impregnating the paper, the resin was 
mixed with a specially denatured alcohol. 
After the paper was coated (impreg- 
nated) part of the volatile matter was 
driven off. The difference between the 
use of this resin in low pressure and high 
pressure laminating was that less vola- 
tile matter was driven off when the 
paper was to be laminated at low pres- 
sure. 

The laminate was supplied in a sheet 
48 by 48 in. by 3 in. thick and was 
designated by the manufacturer as TV2 
grade XMLP. The molding cycle con- 


sisted of 30 min. heating at a platen 
temperature of 325 I’. and a pressure of 
230 psi. followed by 30 min. cooling. 
Grain direction of the paper was the same 
throughout the laminated sheet. The 


_ resin content of the laminate was 42 per 


cent and the volatile matter was 0.5 
per cent, as determined by A.S.T.M. 
Standard Methods of Testing Sheet and 
Plate Materials Used in Electrical Insula- 
tion (D 229 43).8 


es" 
be 
a A” 04" 
Sec AA 
a Tension Specimen 


b Long c.Short Cross Section 
6 &c. Compression Specimens 


3} 
L_) 
lA 
Sec AA 
d Torsion Specimen 


/"Rod Sec AA 


e. Creep Specimen 
(Note Difference in Scale) 
Fic. 1.—Specimens as Machined from the Lami- 
nated Sheet. The crosshatch lines indicate 


the direction of laminations. > 
Specimens: 


The specimens used are shown in Fig. 1. 
The tension and compression specimens 
were machined from the sheet in each of 
two directions, one group with axes 
parallel and the other with axes per- 
pendicular to the grain of the paper. 
The torsion and creep specimens were 
both cut with their axes parallel to the 
grain. All specimens were cut with 
their longitudinal axis parallel to the 
plane of the laminations. The tension 


21943 Supplement to Book of A.S.T.M. Standards, 
Part III, p. 64. 
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specimens were machined on a shaper 
to the dimensions shown. Half of the 
tension specimens were then altered by 
filing the narrow section at the center 
so as to produce a gradual taper from 
}-in. width at the ends of the gage sec- 
tion to 0.01-in. undersize at the middle. 

The compression specimens were 
turned on a lathe to the two lengths 
shown in Fig. 1. The 2-in. specimen 
was used as shown in Fig. 5 to obtain 
stress-strain relationships. The short 
specimen was used to obtain ultimate 
strength values only. The torsion speci- 
mens were also machined by turning ina 
lathe. Considerable difficulty was en- 
countered in turning this laminated 
material for the torsion and compression 
specimens because of its tendency to chip 
when cutting against the laminations. 
This difficulty was minimized by using 
high cutting speeds and frequent honing 
of the cutting tool. 

The creep specimens were cut from 
the original sheet with a milling cutter 
in such a manner that the flat side of 
the specimen was perpendicular to the 
plane of the sheet. The reduced section 
and radii at the end were formed on a 
shaper. 

All specimens were finished by sanding 
with No. 000 emery paper. All speci- 
mens were then placed in a room which 
was maintained at a constant temperature 
of 77 + 1F. and constant relative 
humidity of 50 + 2 per cent, and were 
allowed to remain in this room for at 
least two weeks before the tests were 
started. 


SHORT-TIME TENSION TESTS 


Short-time tension tests were per- 
formed on specimens shown in Fig. 
l(a). These specimens were tested in 
tension on an Olsen 10,000-Ib. 4-screw 
machine. This was a beam-weighing 
machine equipped with a_ separate 
variable speed drive. The specimens 
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were held in Templin wedge grips, A, 
Fig. 2, mounted in such a way as to 
provide an axial load on the specimens. 
The strain of the specimen was measured _ 
by means of a Moore-Hayes 2-in. gage 
length extensometer, B, Fig. 2. This 
instrument provided a multiplication 
such that one division on the dial 


indicated 0.0001 in. per inch strain in 


Fic. 2.—Apparatus for Tension Tests. 


the specimen. In order to make it 
unnecessary for the specimen to support 
the weight of the extensometer, and in 
order to prevent damage to the instru- 
ment if the specimen should fracture 
while the extensometer was attached, 
the extensometer was suspended by 
means of the light coil spring C shown 
in Fig. 2. 

Tension tests were performed to de- 
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termine the tensile properties of the 
material in two directions—parallel 
and perpendicular to the grain of the 
paper. Two sets of tension tests were 
run for each direction—one set in 
which the stress-strain characteristics 
were determined and the other set in 
which only the tensile strength was ob- 
tained. In the former group the gage 
section of the specimen was straight, 
and readings of load, deformation, and 


time were simultaneously obtained 
18000} 
16000 
; ¢ 
210000 Specimen 2 
= 2, psi 
8000 Yield Stren at 005% 
‘Sel, 
6000 | Yield Strength at 
Offset, /GOOO psi 
2000 per min 200 


0) 0004 0008 ool2 
Strain, in per inch 


Fic. 3.—Tension Test Data for a Specimen Cut 
: Parallel to the Grain of the Paper. 


throughout the duration of the test. 
In the latter only the load at fracture 
was recorded. For this latter purpose 
the specimens with the width reduced 
at the middle to 0.01 in. less than the 
ends of the test section were used. This 
reduction in width was found necessary 
in order to cause the specimen to fail 
at the middle of the test section. 
Straight specimens failed at the shoulder 
as a result of the stress concentration 
at the fillet. 

A preliminary test was made to de- 
termine the rate of testing speed required 
to produce a rate of tensile strain of 
about 0.0016 in. per inch per min. All 
succeeding tests were run at or near this 
rate of strain. This rate was selected 
in order to permit correlation between 
the results of these tests and tests 
performed by the authors on other 
materials (9). This rate of strain cor- 
responds roughly to the rate of strain 
produced by testing machines operated 
at a head speed of 0.05 in. per min. 
However, it should be noted that dif- 
ferent machines, and even different 
materials tested in the same machine 
at the same rate of cross-head motion, 
will not in general produce the same rate 


12000 Y, 
| pecimen 1X 
E6000 Elastic Modulus, E = 990,000 ps1. |°°° 
__ Yield Strength at 02 % Oftset, (QOOOpst. 
4a 4000 400% 
2000 | — — rime 2005 
Rate of Strain = QOOI9 per min. 
o l= | | 
0006 010 ooa ° 


Strain, in. per inch 


Fic. 4.—Tension Test Data for a Specimen Cut Across the Grain of the Paper. 
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of strain in the specimen. This is due to 
different relative stiffnesses of the ma- 
chine, specimen, and auxiliary gripping 
apparatus. 

The rate of strain was made uniform 
in these tests rather than the rate of 
increase of stress as used by some in- 
vestigators, because the same rate of 
strain can be used without difficulty in 
testing materials which differ widely in 
modulus of elasticity, whereas if such 
materials are tested at the same rate of 
stressing, the required testing machine 
speeds become excessive for materials 


ield Strength, psi. | : | 
Modulus Y ch, pst | Tensile | Rate of 
Specimen of Elastic- nana mar Strength, Strain, Direction of Load 
ity, E, psi.| 0.05 per 0.2 per psi. per min. 
cent offset | cent offset 
2 250 000 13600 | 19000 20 400 0.0013 |) 
No. 4 2 270 000 10 300 } 16 600 19 400 0.00051 
ee ee 2 190 000 12 100 | 18 400 20 300 0.0013 
2 240 000 12 000 18 000 20 000 Parallel to grain 
No. 1X 990 000 7900 10 000 11 800 0.0019 |) - 
1 110 000 7 100 9 400 11 700 0.0012 
1 140 000 7 500 12 100 0.0013 | 
1 080 000 7 500 9 700 11 900 Perpendicular 
No. 4X 11 700 0.0013 |{  8rain of paper 


TABLE I.—TENSION TESTS. 
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within 5 to 10 min. after the specimen 
was removed from the insulated box. 
During the test, readings of load, de- 
formation, and time were recorded up 
to a point within a few per cent of the 
load at which failure was expected. 
The extensometer was removed before 
failure. 

From these data the stress and strain 
were computed. Then diagrams of 
stress versus strain, and time versus 
strain were plotted. An example of such 
a plot for a tension test of a specimen 


of low modulus, and the rate of strain 
becomes too high to follow with or- 
dinary equipment. 

Both the tension and the compression 
tests were performed outside of the air- 
conditioned laboratory. The tempera- 
ture of the testing room was about 75 F. 
and the relative humidity was variable. 
In order to minimize the effect of dif- 
ferences in temperature and_ relative 
humidity, the specimens were placed in 
an insulated box while being transferred 
from the conditioned store room to the 
laboratory, and the tests were conducted 


the paper is shown in Fig. 3, and a 
similar plot for a tension test of a 
specimen with axis transverse to the 
grain is shown in Fig. 4. The modulus 
of elasticity was determined in each case 
from the slope of the initial part of the 
stress-strain curve. The yield strengths‘ 
at 0.05 and 0.2 per cent offset were 
determined by noting the values of 
stress at points C and E (Fig. 3) re- 
spectively, at which a line CD or EF 


4See A.S.T.M. Standard Definitions of Terms Re- 
lating to Methods of Testing (E 6-36), 1942 Book of 
A.S.T.M. Standards, Part IIL, p. 849. 
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drawn parallel to the initial tangent line 
AB, and offset from the tangent line by 
0.05 and 0.2 per cent, crossed the stress- 
strain line. 


The rate of strain was determined 
from a time-strain curve by measuring 
the reciprocal of the slope of this curve 
in the region just below the value of 
strain above which the stress was no 
longer proportional to strain, point A, 
Fig. 3. The tangent line used is shown 
in each figure. 

Results of the tension tests are shown 
in Table I. The average value of the 
modulus of elasticity parallel to the 
grain of the paper was found to be 
2,240,000 psi. No significant difference 
was observed between the strengths 
determined with the two different shapes 
of specimens. The tensile strength of 
the straight specimens averaged 20,000 
psi. and the strength as obtained from 
the tapered specimens averaged 19,600 
psi. The average yield strength at 0.05 
per cent offset was 12,000 psi., and at 
0.2 per cent offset the average yield 
strength was 18,000 psi. Some dif- 
ference existed between the rates of 
strain in the specimens used for these 
tests, however, no detectable differ- 
ence in properties could be attributed 
to the variation of the strain rate existing 
between the tests. 

The result of the tests of specimens 
cut crosswise to the grain of the paper 
showed that the modulus of elasticity in 
this direction was 48 per cent of the 
modulus in the direction of the grain, 
the ultimate strength transverse was 60 
per cent of the tensile strength with the 
grain, and the yield strengths at 0.05 
and 0.2 per cent offset were 63 and 54 
per cent, respectively, of the values 
obtained from tests parallel to the paper 
grain. 


Short-Time Compression Tests: 


Short-time compression tests were 
performed to determine the compressive 
properties in the same two directions 
as the tension tests, that is, parallel, and 
perpendicular to the grain of the paper. 
Compression specimens were tested in 
the same machine as the tension speci 


Fic. 5.—Apparatus Used for Compression Tests. 


mens, and under the same temperature 
and humidity conditions. In order to 
minimize the effect of possible eccentric 
loading the specimens were tested by 
using a compression tool, A, shown in 
Fig. 5. A compressometer, B, of one to 
one ratio having a 0.0001 in. Last Word 
dial and 1-in. gage length was used to 


Compressive Stress, ps: 


| 
: 
i 
21 
ty q | 
| 
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determine the strain. 


As in the case of 
the tension tests, the instrument was 
supported on a light coil spring. 

Two different shapes of specimens were 
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strengths, Fig. 1. 
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required, one to determine stress-strain 
relations and another the compressive 
The 2-in. specimen 
(l/r = 16)5 was used with the 1-in. gage 
length compressometer to determine the 


‘ $1/r is the ratio of the length of the specimen to the 
radius of gyration of the cross-section of the specimen. 
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Time, sec 


Fic. 6.—Compression Test Data for a Specimen 
Cut Parallel to the Grain of the Paper. 
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TABLE II.—COMPRESSION TESTS. 


0004 


Fic. 7.—Compression Test Data for a Specimen ‘ 
Cut Across the Grain of the Paper. 


0006 
Strain, in per inch 


fe) 


Yield Strength, psi. 
Specimen of Elastic- 
ity, E, psi.| 0.05 per 0.2 per 
~_ | cent offset | cent offset 
2 in. long 
ee en 2 370 000 7 300 9 200 
LIS 2 360 000 6 600 8 600 
2 270 000 6 500 8 500 
2 220 000 6 400 8 400 
Average 2 290 000 6 800 8 700 
1 in. long 
2 in. long 
1 290 006 4 400 6 700 
3a eee 1 280 000 4 800 7 000 
1 250 000 4 800 7 200 
| a 1 290 000 4 700 7 000 
No. 6X 1 340 000 4 500 6 800 
1 290 000 4 600 6 900 


Strength, 
psi. 


19 600 


Compressive} 


Rate of 
Strain, 


per min. 


Direction of Load 


Parallel to grain 
of paper 


Perpendicular to 
grain of paper 


gor 
| 
: 
i 
| | 
0.0031 
0.0015 
0.0014 
0.0015 
17 800 0.0022 || 
17 500 0.0022 || 
17 900 0.0022 
17 600 0.0022 |} 
17 700 
ts. 
0.0011 
re 16 200 0.0015 
15 500 0.0015 
to 15 000 0.0015 
: 15 200 0.0015 
ric —— 
15 500 
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stress-strain relations. ‘The 1-in. speci- 
men (//r = 8) was used to determine the 
compressive strength of the material. 

During the compression tests of the 
2-in. specimens, readings of load, de- 
formation, and time were recorded. 
From these data the stress and strain 
were computed, and stress-strain and 
time-strain curves were plotted. Figure 


git 


Fic. 8. — Testing Machine. 


6 shows these two curves for a compres- 
sion test of a specimen cut parallel to 
the grain of the paper and Fig. 7 shows 
the same two curves for a specimen cut 
crosswise of the grain. The modulus 
of elasticity, yield strength at 0.05 and 
0.2 per cent offset, and the rate of strain 
were determined from these curves in 
the same manner as that described for 
the tension tests.” 


| 
Results of the compression tests are 


shown in Table II. The average value 
of the modulus of elasticity with the 
grain of the paper was 2,290,000 psi. 
The compressive strength, as measured 
from the short specimens, was 17,700 
psi. One of the long specimens was 
tested to failure at 19,600 psi. No 
satisfactory explanation has been found 
for this higher strength—lower strength 
was expected because of column action. 
The small variation in temperature which 
may have existed was not enough to 
produce such a large change, nor was it 
likely that the difference in rate of strain 
would produce as much effect as noted. 
The rate of strain in the 1-in. specimens 
was determined by comparing the load- 
ing rate with the loading rate in a 2-in. 
specimen. 

The result of tests of specimens cut 
perpendicular to the grain of the paper 
show that the modulus of elasticity was 56 
per cent of that parallel to the grain, the 
compressive strength across the grain was 
81 per cent of the strength with the grain, 
and the yield strengths at 0.05 and 0.2 
per cent offset were 68 per cent and 79 
per cent, respectively, of the lengthwise 
test values. 


Short-Time Torsion Tests: 


The special torsion testing machine 
used for these tests is shown in Fig. 8. 
The machine was constructed as an 
attachment for a low-capacity tension 
testing machine. The pendulum weigh- 
ing system of the tension testing machine 
was used as the torque measuring device 
for the torsion machine. ‘This was ac- 
complished by attaching to the tension 
machine a twisting head, A, Fig. 8, 
driven by a double worm drive. A 
special chuck, B, was attached to the 
shaft of this twisting head and another 
chuck, C, to the axis of the pendulum, D. 
These chucks were designed to apply a 
torque to the specimen with little danger 
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of bending the specimen at the same 
time. This action was further assisted 
by mounting the specimen on centers 
and applying the torque as a couple by 
means of adjustable screws. 

The gage used for measuring the shear- 
ing strain is shown in Fig. 9. It was 
designed to accommedate materials 
whose ultimate shearing strain was rela- 
tively small and also materials which 
might twist two or three revolutions 
in a length of 2 in. The instrument 
consisted of two rings, A, Fig. 9, which 
were slipped over the specimen and 
fastened to it by three adjusting screws 
in each ring. A gage length of 2 in. was 


Fic. 9.—Detrusion Gage Used for Measuring the Angle of Twist in Torsion. 


obtained by use of a removable spacer, 
B. To one of the rings was fastened a 
circular scale, C, for measuring large 
angles of twist. Two 10-in. arms, D, 
fastened to the same ring carried scales 
on the ends which were used to measure 
small shearing strain. Adjustable point- 
ers, E, were attached to the other ring 
in such a way as to indicate the readings 
on their respective scales. 

Torsion tests differ from tension and 
compression tests in two important 
respects. They differ in the state of 
Stress developed and in the stress 
gradient. The state of stress may be 


Om 
defined in terms of the ratio —““, that 


Tmaz 
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is, the ratio of the maximum tensile 
stress to the maximum shearing stress 
at a point in a stressed member. In a 
tension member this ratio is 2, while 
in a torsion member it is 1. Thus some 
materials may behave very differently 
in the two types of tests. The stress 
gradient is a measure of the distribution 
of stress over the cross-section of a 
member. It has a value of 0 in a tension 
member, but can never be 0 in a torsion 
member. ‘The magnitude of the stress 
gradient in a torsion member depends 
on the stress and the diameter of the 
member. ‘The measured strength of a 
material may be influenced by the stress 


gradient so as to produce different results 
in the tension test and in the torsion 
test. 

Laminated materials such as_ the 
Mitscherlich paper plastic described 
herein are anisotropic; that is, their 
properties are not the same in all direc- 
tions. In the tension and compression 
specimens with axis parallel to the 
laminations the maximum tensile stress 
is in the same direction throughout the 
test specimen. However, in a torsion 
specimen with axis parallel to the 
laminations both the tension and shearing 
stresses have different directions (rela- 
tive to the axes of the laminated sheet) 
at different points around the circum- 
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ference of the specimen. Thus the 
equations of stress and strain for torsion 
of an isotropic member cannot be ex- 
pected to indicate accurately the stress 
or strain in this anisotropic material. 
Nevertheless, the following equations 
developed for isotropic materials were 
used here to give nominal values of 
shearing stress and strain as a basis for 
comparison. The equation for shearing 
stress in a circular member of an iso- 
tropic material subjected to torsion is 


Tc ‘ 
cae and the corresponding equation 


for shearing strain is y = ¢. 


l 


In the case of a laminated matesial, od 
the torsion test may serve as an indica- 


tion of the relative shearing strength of 
the bond between laminations. That is, 
in a laminated material failure is likely 
to take place by shearing parallel with 
the laminations. 

Short-time torsion tests were per- 
formed on specimens, Fig. 1, d, cut from 
the sheet with their longitudinal axes par- 
allel to the grain. In order to provide 


pression and torsion tests, it was desirable 
to have equal rates of strain for all tests. 
In order to accomplish this, the rate of 
tensile strain was kept as nearly the 
same as possible in all three types of tests. 
In a circular torsion member the maxi- 
mum tensile stress occurring at a point 
acts on a plane at 45 deg. to the plane 
of the maximum shearing stress and 
is equal to the maximum shearing stress. 
Hence, the shearing rate of strain can be 
computed from the tensile rate of strain 

dy Ed 


he relation — = =:—, w 
by the relation 7 


comparable conditions for tension, —e 


is the shearing rate of strain, , is the 


E. 
tensile rate of strain, and G is the ratio 


= 
of tensile modulus of elasticity to shear- 
ing modulus. This equation, also, is 
inexact owing to the anisotropic char- 
acter of the material. The required 
rate of strain was determined from the 
value of G determined in a preliminary 
test. The resulting shearing rate of 
strain required was 0.012 per min. 
which was rather fast owing to the low 
value of G. Thus it was possible to 
obtain only relatively few test points 
in the elastic range at this rate of testing. 
During the torsion test simultaneous 
readings of torque, angle of twist, and 
time were recorded. The nominal shear- 
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Fic. 10.—Torsion Test Data for a Specimen Cut 
Parallel to the Grain of the Paper. 


ing stress at the surface of the cylindrical 
specimen and the nominal shearing 
strain were computed from the relation- 
ship given above. 

Curves of shearing stress versus shear- 
ing strain and time versus shearing 
strain were then plotted as in Fig. 10. 
The shearing modulus of elasticity, G, 
and rate of shearing strain were deter- 
mined as in the case of tension tests. 
The torsion tests differed from the ten- 
sion and compression tests in regard to 
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TABLE III.—TORSION TESTS. 


Axis of Specimen Parallel to Paper Grain. 
Shearing | 
| Modulus Spome ot Modulus | Rate of 
Specimen | of Elas- | potture Rup- | Strain, 
ticity, G, ture, psi. | per min. 
4 psi. 
| Psi. 
ie See | 285 000 2240 | 3000 0.0016 
No. 3 | 295 000 2 550 3 000 0.015 
SS 294 000 2 540 3120 0.0064 
No. 5... 294000} 1750 | 2900 | 0.011 
No. 6 | 296000 1 890 3 050 0.012 
No. 7 } 291 000 2 370 3170 0.011 
No. 8 272 000 1 960 2 580 0.013 
No. 9.. 292 000 2 140 2 400 0.013 
No. 10 282 000 2 290 2 480 0.013 
No. 11 292 000 2 260 2 460 0.013 
| 289000| 2200 2 820 


(a) Tension specimen viewed flatwise. 
(6) Tension specimen viewed edgewise. 
(c) Long compression specimen. 


shape of the stress-strain curve. In the 
torsion tests, the stress increased as a 
linear function of strain up to a certain 
point at which initial failure or structural 
damage took place, that is, at which 
large increase in strain took place at 
nearly constant stress. The torque was 
then increased more gradually to a 
maximum value at which more general 
damage or failure took place by splitting 
parallel to the laminations. For the 

nations. FOr the 
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torsion test, the value of stress at 
which the initial failure took place was 


Fic. 11.—Fractured Specimens. 
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reported, rather than a yield strength 
corresponding to,a specified offset. 
The results of torsion tests are tabu- 
lated in Table III. The average value 
of the modulus. of elasticity in shear, 
as determined from equations for iso- 
tropic material, was 0.289 X 10° psi. 
The ultimate shearing strength (modulus 
of rupture in torsion) was 2820 psi., and . 
the average shearing stress at the initial 2 
failure of the glue bond was 2200 psi. 


(d) Short compression specimen. 
(e) Torsion specimen. 


Mode of Failure: 
Representative fractured specimens 
from the short-time tension, compres- Pi 


sion, and torsion tests are shown in 
Fig. 11. Two views of failed tension 
specimens, a and Jb, are shown. A 
tendency to shatter and split along the . 
laminations was noticed in many speci- 
mens. Characteristic failures of both 
2-in. and 1-in. compression specimens are 
shown in Fig. 11 ¢ and d. The long 
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960 
specimens tended to fail by splitting 
parallel to the load, then buckling. The 
short specimens failed diagonally across 
the laminations on planes of maximum 
shear. A failed torsion specimen is 
shown in Fig. 11e. ‘This failure resulted 
from splitting along laminations with 
occasionally a segment breaking com- 
pletely off. 
In certain parts of the sheet tested 
there was evidence of initial delamina- 
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the modulus in tension, whereas the 
modulus of elasticity in shear as meas- 
ured from the torsion tests was about } 
the tension modulus. The ultimate 
strength in compression was about 10 
per cent less than that in tension, but 
the yield strength at 0.2 per cent offset 
in compression was only about 3 that 
in tension. The modulus of rupture in 
torsion was about ! the ultimate strength 
in tension, and the initial (delaminating) 


Fic, 12.—Creep Rack. 


tion near the center indicating imperfect 
bonding. Because of this fact care was 
exercised in preparing specimens to 
avoid as much as possible regions in 
which imperfect bonding was evident. 
Comparison of Static Tests: 

The results of tests of specimens cut 
parallel to the grain (Tables I, IT, II) 
showed that the modulus of elasticity 
in compression was slightly higher than 


fracture in torsion was about } the yield 
strength in tension at 0.2 per ptr offset. 


LONG-TIME TENSION CREEP TESTS 
The equipment used for conducting 
the creep tests consisted of a steel rack 
from which 22 specimens could be sus- 
pended; calibrated weights and _ levers 
used for loading the specimens in tension; 
calibrated extensometers and a traveling 
microscope used for measuring — the 
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strain indicated by the extensometer; 
and a clock equipped with a counter to 
record the elapsed time in hours. Figure 
12 shows the creep rack with loading 
levers, specimens, extensometers, and 
auxiliary equipment. Figure 13 shows a 
specimen with strain measuring equip- 
ment in place. In this figure specimen 
A was subjected to an axial tensile load 


~ 


through rod B. ‘The specimen was held 
by grips C which contained a hook and 
eye type of swivel joint. This joint was 
provided in order to minimize the possi- 
bility of eccentric loading. ‘The exten- 
someter used for measuring the creep 
consisted of a lever type instrument with 
a traveling microscope, D, Fig. 13, for 
measuring the displacement between 
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reference marks on the end of the lever, 
FE, and a stationary arm, Ff, The lever 
ratio was 10 to 1. One end of the 
lever was forked and fastened by pivots 
to the lower clamp attached to the 
specimen. ‘The axis of this pivot passed 
through the centroid of the cross-sec- 
tion of the specimen (the pin itself did 
not go through the specimen). Thus 


4 


iratus, 


the strain measured by this instrument 
was the average strain in the specimen, 
and it was not necessary to average the 
result of two or more instruments 
fastened to different sides of the speci- 
men. The fulcrum of the lever was 
pivoted to a rod, the other end of which 
was fastened to the upper clamp on the 
specimen. A spring clip G, Fig. 13, was 
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used to attach this rod to the upper 
clamp so that the extensometer could 
be left on the specimen during fracture 
if necessary without damage to the 
instrument. 

Each instrument calibrated 
against a micrometer screw before use. 
Flat clamps were used to attach the 
extensometer to the specimen instead of 
pointed screws because creep of the 
material might cause screws to sink into 
the specimen, thus causing early frac- 
ture. The distance between the centers 
of the flat clamps was considered to be 
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cent for the entire time of the test which 
was 7000 hr., or about 10 months. 
One specimen was tested at 0 stress in 
order to determine the magnitude of the 
shrinkage which might occur due to 
gradual change in moisture content or 
other aging phenomena. All tests were 
started at approximately the same time, 
and all were started by applying loads 
quickly but very gently to the specimens. 
Before applying the load, the initial 
extensometer readings were obtained 
with the traveling microscope. Then 
the loads were applied, the time was 


the gage length of the extensometer. 
As used in these tests, this gage length 
was 10 in. although in Fig. 13 the ex- 
tensometer is set for 4 in. A track was 
provided for the microscope so that it 
could be moved from specimen to 
specimen quickly. 

Eight creep specimens, Fig. 1 e, were 
tested simultaneously under a constant 
tension load at values of stress ranging 
from 0 to 9000 psi. These tests were 
conducted in a room maintained at a 
constant temperature of 77 F. and a 
constant relative humidity of 50 per 


Fic. 14.—Creep versus Time for Tension Creep Tests at Constant Load. 


08 
Temperature 77 F 
2000p psi 8000 psi 50% obe oc 4 2 
rocture 
S$ ber | | 
oot ' | 
Rel Humidity 42 %, o ps 6hr 40 %, 1B hr 
= 1000 2000 3000 4000 5000 6000 700C 
4 Time, hr. 


recorded, and the extensometer was 
immediately read again. On the basis 
of the difference between these two sets 
of readings, the elastic strain was com- 
puted. Readings of strain and time 
were thereafter taken at intervals vary- 
ing from two hours to seven days. 

The results of these tests were plotted 
as shown in Fig. 14. It was observed 
that the tests started with a rather 
rapid rate of creep which decreased as 
time progressed. The lowest curve 
plotted in Fig. 14 is from the data from 
a specimen which carried no load, that 
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is, 0 stress. This specimen was ob- 
served to shrink slightly during the first 
half of the test, possibly as a result of 
continuing reduction of the moisture 
content of the specimen. The effect of 
short interruptions in humidity control 
is evident in all curves shown in Fig. 14. 
A decrease in relative humidity was 
observed to result in a rather marked 
decrease in length of all specimens, that 
is, a shrinkage, the amount of which was 
approximately the same for all speci- 
mens, regardless of stress. 

The specimen which was loaded to 
9000 psi. fractured after about 300 hr. 
The fracture, which occurred at the 
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definite time. 
for a time of 5000 hr. by measuring the 
slope of the creep-time curve at 5000 
hr. for each stress shown in Fig. 14. 
This rate of creep was then plotted. 
against the stress on semi-logarithmic 
coordinates and is shown as the open 
circles in Fig. 15. 

It has been found that the data shown 
in Fig. 14 can be represented by an 
equation (12) as follows: 


where ¢ is the total strain and ¢ is the 
time. The quantity m depends upon 
the stress, whereas ” is independent of 


| 
& m=C, (e**-1) le 
| | 
as) v = Slope of Creep Curve at t = 5000hr 
v=mnt’” att = 5000hr, n= 0050 
i 
(@) 1000 3000 5000 7000 9000 
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Fic. 15.—The Effect of Stress on the Rate of Creep and (m + C:). - 


shoulder of the specimen, resulted pri- 
marily from delamination at that point. 
Thus, the actual stress which caused 
failure is not accurately known. The 
plotted point representing “elastic” 
strain in each specimen is indicated by a 
short horizontal line at 0 time. 


The Effect of Stress on the Rate of Creep: 


The rate of creep did not remain 
constant throughout the time of testing, 
but decreased rapidly at first and then 
more gradually. In order to evaluate 
the effect of stress on the different rates 
of creep, it was therefore necessary to 
determine the rate of creep at any 


the magnitude of the stress and danenite 
upon material and, possibly, tempera- 
ture. Since the rate of creep is defined 


as 4 it is possible to compute the rate 


of creep by taking the time derivative 
of Eq. 1, from which: 


Thus the rate of creep, v, can be com- 
puted by substituting the values of 
m and n, determined in a manner de- 
scribed in another paper (12), and the 
value of the time, 5000 hr., into Eq. 2. 


The rate was determined — 
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The values of rate of creep computed 
in this manner are plotted in Fig. 15 
as filled circles. This method of de- 
termining the rate of creep for a particu- 
lar time is more accurate than the slope 
method, and may therefore be expected 
to give more consistent results, as is 
shown in Fig. 15. 

It has also been found that the factor 
m can be expressed as a function of 
stress in the following form (as shown 
in reference 11): 


m = — Cz = C2(e’* — 1)..3 
in which a is the tension stress, Cz and k 


are constants. As shown in reference 11 
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stress on‘ the magnitude of creep, the 
amount of total creep at a given time 
was plotted against the stress for each 
of the eight values of stress and is 
shown in Fig. 16. The elastic extension 
is shown as the lower curve in Fig. 16, 
and values of total creep at 100 hr., 
1000 hr., and 6000 hr. are also shown, 
It was observed that most of the con- 
tinuing deformation occurred within the 
first 100 hr., and also that the increase 
of deformation after the first 100 hr. 
to 6000 hr. was less than the initial, 
or elastic, deformation. ‘The modulus of 
elasticity as determined from the recip- 


rocal of the slope of the elastic curve 
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Fic. 16.—The Effect of Stress on the Total Creep for Four Different Time Intervals. 


the fact that Eq. 3 accurately describes 
the relation between the factor m and 
stress ¢ is demonstrated by the fact that 
(m + C2), when plotted semi-logarith- 
mically against stress, yields a straight 
line as shown by the square points 
plotted in Fig. 15. Thus, the rate of 
creep can be expressed as a function of 
stress by substituting Eq. 3 in Eq. 2 
with the result: 


v= — 1)n......4 


The Effect of Stress on the Amount of 
Creep: 


In order to evaluate the effect of 


shown in Fig. 16 was found to be 
2,200,000 psi., as compared to 2,240,000 
psi. determined from the short-time 
tension test. 


Comparison of Creep Properties with other 
Materials: 


A comparison of the creep properties 
of this laminate with other thermosetting 
plastics for which test data were available 
showed that the total creep of all 
molded phenolic plastics reported (9) 
was 1.5 to 3 times that for the Mitscher- 
lich paper at a stress of 2000 psi., a time 
of 1000 hr., a temperature of 77 F., and 


a relative humidity of 50 per cent. | 
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The materials studied in the references 
cited included phenolics filled with cord, 
rag, wood flour, asbestos, mica, and 
, pure resin. The Mitscherlich laminate 
| also showed less total creep than any 
laminates for which creep data were 
available to the authors (11). These 
: laminates were phenolic laminates grades 
. C, L, and XX. The grade C laminate 
had 2 to 3 times (depending on the 
stress) greater total creep at 1000 hr. 
than did the Mitscherlich paper. Grades 
L and XX had about 60 per cent and 
10 per cent greater creep, respectively, 
at 8000 psi. and 1000 hr. than did the 
Mitscherlich paper. ‘The grade XX 
laminate was tested at a relative hu- 
midity of 43 per cent which would tend 
to decrease the amount of creep; how- 
ever, the fact that the modulus of 
elasticity of the grade XX was about 
25 per cent less than the modulus of the 
Mitscherlich paper would indicate that 
the increase in strain under the constant 
stress was about the same for the two 
materials. 


SUMMARY AND CONCLUSIONS 


1. At a tensile rate of strain of 0.0016 

per min., the modulus of elasticity in 

tension was 2,240,000 psi. parallél to the 

grain of the paper and 1,080,000 psi. 
across the grain. 

2. The elastic modulus in compression 


a was about the same as the corresponding 
me values in tension. 

3. However, the shearing modulus of 

elasticity as determined from a torsion 
other test was 289,000 psi. 

4. The ultimate strengths were as 
srties follows: tension, 19,600 psi. parallel to 
tting the grain and 11,800 psi. across the 
lable grain; compression, 17,700 psi. parallel 
f all and 14,400 psi. across; shearing (modulus 
1 (9) 
scher- 
, time (1) W. F. Bartoe, “Service Temperature Flow 
and Characteristics of Thermoplastics,” Mech- 
cent. anical Engineering, Vol. 61, No. 


December, 1939, p. 892. 
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of rupture in torsion), 2820 psi. as de- 
termined from a specimen cut parallel 
to the grain of the paper. 

5. The increase in strain due to creep 
was 0.26 per cent after 6000 hr. at a 
tension stress of 8000 psi. This increase 
in strain was equal to about 70 per cent 
of the “elastic” strain at the same stress. 

6. Creep data from 8 specimens at 
different values of stress have been 
analyzed, with reference to another simi- 
lar discussion, to show the effect of 
stress on creep and the rate of creep. 
The rate of creep was found to decrease 
with time, but for any given time the 
rate of creep, v, was shown to be related 
to stress o by an exponential equation 
of the form: 


where / is the time, and C2, k, and m are 


constants. 
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Messrs. D. AND H. K. 
Nason! (presented in written form).— 
Messrs. Findley and Worley are to be 
complimented on another careful in- 
vestigation of the type for which their 
laboratory has become noted. Their 
fine work is providing us with valuable 
information on the mechanical proper- 
ties of plastic materials and will greatly 
facilitate the understanding of plastics 
as engineering materials. 

The authors perhaps have been unfor- 
tunate in the choice of material for their 
investigation since their data show this 
material to be of rather poor quality. 
Fhe mode of failure which they ob- 
served, as well as some of the strength 
values, indicate that the high-grade paper 
laminae were poorly bonded. Whether 
this defect is due to the resin employed or 
to the method of handling it cannot be 
determined from the data at hand. It 
is hoped that similar investigations will 
be made of high-strength plastic lam- 
inates whose quality is more nearly 
that of commercial materials used for 
stressed parts. 

The analysis of the creep data intro- 
duced by the authors is very interesting 
indeed. It is worth while to note that 
the equation « = mi", which was men- 
tioned by Boyd in his discussion of 
Marin’s? paper presented before the 
Society in 1937 applies to plastic mate- 


1 In Charge of Physical Testing and Assistant Director 
of Research, respectively, Plastics Div., Monsanto Chem- 
ical Co., Springfield, Mass. 
au? John Boyd, discussion of paper by Joseph Marin on 

A Comparison of the Methods Used for Interpreting 
Creep Test Data,” Proceedings, Am. Soc. Testing Mats., 
Vol. 37, Part Il, p. 265 (1937). 
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rials as well as to metals at elevated 
temperatures. 

One point concerning the use of the 
equation € = €& + mi” puzzles us. If 
the exponent, m, is actually independent 
of stress, as stated, then log (e — &) 
would still increase linearly with time 
for zero stress. Hence, the expression 
cannot be correct for this limiting case. 

The use of the torsion test as a 
criterion of bonding strength is worth 
noting. In general, the value of torsion 
tests in the study of plastic materials 
has been neglected and further study 
along these lines would be well worth 
while. 

Strictly speaking, the state of stress 
requires 3 parameters for its definition. 
Usually, the three principal stresses are 
taken; thus the ratio omax./tmax, does 
not completely define it. 

It is hoped that Mr. Findley and his 
colleagues at the University of Illinois 
will continue their interest in plastic 
materials and that we may expect many 
more of their valuable contributions in 
the years to come. 

Mr. R. T. Scuwartz’ (by letter.)— 
With reference to the paper entitled, 
“Short-Time Static Tests and Creep 
Tests of a Paper Laminated Plastic” 
by Findley and Worley, attention is 
called to the fact that the properties 
of the material tested do not meet the 
minimum required values of Army Air 
Forces Specification No. 12036, Phenolic 
Sheet; Laminated High Strength Paper 
Base, and therefore should not be inter- 


Materials Engineer, Materials Lab., Engineering 
Div., Army Air Forces, Wright Field, Dayton, Ohio. 
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preted as representative of this type of 
material used in Army aircraft. A 
comparison of minimum values is given 
in the accompanying Table I. 

It is also desired to point out that no 
aircraft wing tips or fuselage sections 
are being produced from this type of 
material so far as is known , although 
such items have been made experi- 
mentally. Turret parts, ammunition 
boxes, and glider flooring using the 
specification type material are in produc- 
tion for Army aircraft, however. 


TABLE I. 
| Minimum 
Values, Minimum 
AAF Speci-| Values, 
fication Materials 
12036, Tested by 
Type U, Findley 
Parallel | and Worley 
Laminated 
Tensile strength, psi. 
lengthwise 28 O00 19 200 
crosswise 18 000 11 600 


Tensile yield strength, 0.2 per 
cent offset, psi. 


lengthwise 22 000 | 16 600 
crosswise 12000 | 9 460 
Modulus of elasticity, psi. 
lengthwise 2 600 000 2 190 000 
crosswise 1 400 000 990 000 
Compressive strength, psi. (2 
in. length specimen, % in. 
thick) 
17 000 15 000 


Messrs. W. N. FINDLEY AND W. J. 
Wor.ey' (authors? closure, by letter). 
The observation of the discussers con- 
cerning the quality of the material which 
the authors tested is correct. How- 
ever, it perhaps should be mentioned that 
the tests reported have been in progress 
for a long time—the material was 
molded in December, 1942. At that 
time, Mitscherlich laminates were quite 
new, so that improvement in properties 
was to be expected, and it is natural 


4Assistant Professor and Instructor, respectively, of 
Theoretical and Applied Mechanics, C olle ge of Engineer- 
ing, University of Illinois, Urbana, Ill. 


that as long as science continues to 
produce improved materials, an im- 
proved material may be on the market 
before the results of long-time tests of 
earlier materials become available. It 
would be unfortunate, however, if one 
should conclude from this fact that there 
is no use making long-time tests, for 
without them, it would be impossible 
to predict the behavior of either the old 
or the new material. 

The authors believe that Messrs. 
‘Telfair and Nason are mistaken in their 
interpretation of the equation € = 
€ + mt” in the region of zero stress. 
Since m is a function of stress o, and 
has the value zero when a is zero (Eq. 3), 
then for a stress of zero, € = € = a 
constant independent of time. This 
conclusion is true, regardless of whether 
n is or is not independent of stress, and 
is in agreement with experience and with 
the definition of creep. Thus, for zero 
stress, log (€ — e) is the log of zero 
which is negative and indefinitely large. 
The interpretation of the above equation 
when in logarithmic form is somewhat 
difficult and is probably responsible for 
the confusion. 

Messrs. Telfair and Nason are correct 
in saying that 3 parameters are neces- 
sary to define the state of stress. How- 
ever, the fact that most materials fail 
either by yielding or fracture and that 
yielding results when a limiting value of 
maximum shearing stress IS €X- 
ceeded whereas fracture results when a 
limiting value of maximum normal stress 
Omax. is exceeded has led many people 
to assume that the third parameter (the 
principal stress of intermediate value) 
has little significance. The truth of this 
assumption is, of course, open to ques- 
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measure of resistance to indentation. 


was suggested. 


Two new scales of Rockwell indentation hardness are proposed to cover the 
plastics now on the market, which extend the useful range of the instrument 


into the softer class of plastics. 


The degree of reproducibility of values among six different machines is 
Data are presented on the effect of thickness and layering of samples 


shown. 
on indentation hardness. 


Attempts to define hardness as a single 
precisely determinable physical property 
of a solid substance have to date met with 
little success. The papers presented at 
the A.S.T.M. Symposium on Hardness,” 
and the discussion following, have em- 
phasized the complexity of the various 
contributing factors inherent in the proc- 
ess of measuring hardness. The fact 
remains, however, that many methods of 
measuring indices of hardness are widely 
used for metals, and that these indices 
are useful in the interpretation of their 
internal structure and service behavior. 

For the purpose of this investigation, 
hardness was defined as resistance to 
indentation, and the field was further 


! Physics Division, American Cyanamid Co., Stamford 
Research Laboratories, Stamford, Conn. 
rash ceding, Am. Soc. Testing Mats., Vol. 43, p. 803 
). 
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INDENTATIQN HARDNESS OF PLASTICS 


By LapIsLAv Boor! 


SYNOPSIS 


A study was made of the indentation behavior of typical soft metals and 
plastics on the Rockwell hardness tester. 
which is recovered on removal of the major load is enormously greater for 
plastics, and hence measurements based on this recovered depth are not a true 


A procedure was developed which permits measurement of indentation depth 
under major load. These values of indentation for various loads were then 
related by means of the Meyer equations, and a method of analyzing the curves 


The proportion of the indentation 


limited to the case of a spherical indenter. 
During the progress of the work, it was 
found desirable to fix the size of the in- 
denter and to maintain constant certain 
time factors involved in the measure- 
ment. 

Since indentation hardness has long 
been accepted as a useful index of the 
properties of metals, it was natural that 
this test should be applied also to the 
plastics. Brinell and Rockwell values 
are often quoted in sales literature and 
properties charts, but it has been difficult 
to arrive at a unified concept of indenta- 
tion hardness for the wide variety of plas- 
tics now on the market. 

The Brinell method, which involves 
the measurement of the diameter of the 
indentation, has definite limitations. 
The edge of the indentation is usually 
poorly defined; sometimes the material 
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piles up around the edge. Many of the 
plastics recover a large proportion of 
indentation within a few seconds, which 
is followed by a further slow creeping 
recovery which renders valueless a meas- 
urement of the impression after the load 
has been removed. ‘These effects have 
also been described by Starkie (1).* In 
Kline and Axilrod’s study of transparent 
plastics for aircraft (2), hardness numbers 
determined in several ways are shown. 


4 
4 


g 


Fic. 1.—Schematic Diagram of Rockwell 
Indentation Mechanism. 


Although there was good agreement in 
the classification of the hardest and soft- 
est groups, there were some discrepancies 
in the order of hardness in the series when 
measured by the different methods. The 
quantitative separation of hardness index 
from the hardest to the softest was also 
quite different among the various pro- 
cedures. 


+The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references 
appended to this paper, see p. 991. 
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In an attempt to rationalize the vari- 
ous factors entering into a determination 
of indentation hardness, a study was 
made of the Rockwell hardness tester, 
which is one of the well-known instru- 
ments used for this purpose. 

In brief, the instrument consists of a C 
frame, with an elevating screw for posi- 
tioning the sample in contact with the 
indenter and a means of applying a small 
initial load, called the “‘minor load.” A 
dial gage is then set at zero, which repre- 
sents the position of the indenter at the 
start of the test. A heavier load of 
known magnitude is then applied to the 
indenter at a controllable rate, allowed to 
act for a certain time, then the major 
load is released, leaving the minor load 
still on the indenter. The hardness 
index is read as the increase in dial gage 
reading caused by the indentation due to 
the major load. 

A schematic diagram of the head of the 
Rockwell tester is shown in Fig. 1. The 
dial gage, fastened to the upper part of 
the C frame, indicates the relative verti- 
cal movement between the frame and the 
plunger rod. Obviously, then, a vertical 
movement downward of the plunger rod 
with the frame stationary (indentation 
into the specimen) or a vertical move- 
ment upward of the C frame with the 
indenter spindle stationary (spring of the 
frame when load is applied to the in- 
denter) will register in the same direction 
on the dial gage. This spring of the 
frame under major load does not enter 
into the ordinary method of hardness 
determination since readings are made 
before the major load is applied and after 
it has been removed. 

In making Rockwell indentation tests 
on the softer plastics, a rapid gyration of 
the needle is observed upon applying and 
removing the major load. These deflec- 
tions represent the movement of the in- 
denter with respect to the frame, includ- 
ing the spring of the frame, plus the 
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disturbance of the test material under the 
indenter. Our first problem was to ob- 
tain an accurate record of these move- 
ments at the various stages of the Rock- 
well test procedure. 

In order to arrive at some means of 
measuring indentation under load, it was 
necessary to establish the magnitude and 
reproducibility of the spring in the frame, 
in terms of dial gage reading, for various 
loads. This was done by using a soft 
copper block as sample and the particular 
indenting sphere (4 in. in most of the 
work described here). The sample was 
raised to the normal starting position 
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spring of the frame and indenter in addi- 
tion to that produced by the minor load 
(10 kg); hence they intersect the load 
axis at 10 kg. They represent a prac- 
tically elastic behavior of the frame under 
stress, and, once determined, are repro- 
ducible to a high degree of precision. 

The use of the spring correction en- 
ables us to estimate the depth of indenta- 
tion on any specimen, under load, as long 
as this load is actually being delivered to 
the indenter. 

This correction may be applied in sev- 
eral ways. On instruments having an 
unlimited rotation of the dial bezel, the 


40 
| f 


20 40° 60 


with the minor load applied and the dial 
gage set at 0. The major load was then 
applied by tripping the lever. The dial 
gage then recorded the vertical distance 
of indentation plus the spring of the 
frame and any other elastic compressive 
deformation of the indenter spindle and 
indenter. This operation was repeated 
several times without moving the copper 
block, until the deflection of the dial gage 
became constant, that is, no further 
indentation took place, and only the 
spring of the frame remained. This 
value, in terms of dial gage divisions for 
various major loads is shown in Fig. 2 for 
two instruments. These lines represent 


80 100 «$120 140 160 
LOAD, KG 


Fic. 2.—Spring of Frame on Two Rockwell Hardness Testers _ rs 


scale divisions representing the correction 
may be set to the right of the 0 point by 
turning the bezel; then application of the 
major load, with no indentation should 
cause the needle to swing to 0 and stop. 
Any reading to the left of 0 then repre- 
sents indentation into the specimen. On 
machines having a limited rotation of the 
bezel, the dial is set to 0 at the start, the 
major load is applied, and the correction 
is then subtracted from the total scale 
divisions of penetration observed under 
the major load. It is to be noted that 
the numbers shown on the standard dial 
gage are not used, but the actual scale 
divisions representing indentation are 
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counted. This is easy with a little prac- represents 100 divisions, and any move- 
tice, the 50 scale division point can be ment beyond this is easily estimated. 
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lin. Ball, 100-kg. Load. }-in. Ball, 60-kg. Load. 
Fic. 3. Time-Indentation Relations on Typical Metals. 
readily located opposite the 0 point, and One of the important limitations of the 


units of ten may be estimated from this. Standard Rockwell is the total depth of 
A full revolution of the needle of course penetration measurable on the dial gage 
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with the major load on the indenter be- 


fore reaching the end of its free move- 
ment. This was fixed, on the instrument 
used, at 14 revolutions of the dial gage 
(150 scale divisions) representing about 
().012 in. of actual penetration. 


INDENTATION—TIME STUDIES 


Since the movement of the pointer 
during some phases of the test was quite 
rapid, and difficult to read with any accu- 
racy, a record of dial readings was made 
by photographing the dial gage, at 2-sec. 
intervals, on 16-mm. film. The dial gage 
readings, with the proper corrections, 
were then plotted against time, up to 60 
sec. total time of test. 

The dashpot of the machine was ad- 
justed according to the A.S.T.M. Stand- 


TABLE I. 


Mineral-filled melamine _ 

Mineral-filled melamine 

Mineral-filled phenolic _ 
Wood-flour-filled phenolic 

BM 3510...... Rag-filled phenolic 

XXX H 401.... Paper-base phenolic laminate 
X P 208 D..... Paper-base phenolic laminate 
Mel. Kraft..... Paper-base melamine laminate 


Allyl resin—clear 
Fibestos....... Cellulose acetate—Monsanto 
Plastacele...... Cellulose acetate—Dupont 


ard Methods of Testing Sheet and Plate 
Materials Used in Electrical Insulation 
(D 229 — 43),‘ namely, so that the operat- 
ing handle completed its travel in 43 sec. 
with no specimen in the machine and 
with the machine set up to apply a major 
load of 100 kg. ‘This adjustment was 
maintained throughout all of the tests 
described. ‘The instrument was used in 
a conditioned room at 78 F. and 50 per 
cent relative humidity and all materials 
were tested under these conditions. 

Graphs of indentation against time 
were made by two methods: 

1. Major load applied for 60 sec. 

2. Major load applied for 8 sec., then 
released and minor load left on for 45 sec. 


* 1943 Supplement to Book of A.S.T.M. Standards, Part 
» p. 64 
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(D 229 — 43). Both }-in. ball with 
100-kg. major load (M scale) and 4-in. 
ball with 60-kg. major load (R scale) were 
used. Most of the curves show readings 
up to 60 sec. total elapsed time from start 
of test. In practically all materials, 
there was no significant movement of the 
pointer, between 53 sec. total elapsed 
time (8 sec. major load plus 45 sec. minor 
load) and 60 sec. total elapsed time. 

Figure 3 shows the behavior of typical 
metals under these conditions. 

It can be seen that practically all of 
the indentation occurs within the first 4 
to 6 sec. With the harder metals, no 
further movement takes place up to 60 
sec. total indentation time. In the softer 
metals, the time for indentation is ex- 
tended, as shown in the curves. When 
the major load is removed after 8 sec., 
there is a slight instantaneous elastic 
recovery, after which there is no further 
change up to 60 sec. The same behavior 
obtains when the 3-in. ball and 60 kg. 
load are used, with correspondingly 
smaller indentation. 

The important feature of these curves 
is that the indentation reading observed, 
after the removal of the major indenting 
load, is, for all practical purposes, very 
close to the actual depth of the indenta- 
tion under the major load. In other 
words, the recovery of the indentation 
after removal of the major load is neg- 
ligible. 

The same procedure was carried out 
on a series of typical plastic samples. 
Materials not otherwise identified are 
shown in Table I. They were tested 
with the }-in., 100-kg. and }-in., 60-kg. 
combinations. These graphs appear in 
Figs. 4 and 5. 

In the columns at the right are shown: 

(a) The total indentation under major 
load, applied for 60 sec. 

(b) The residual indentation 45 sec. 
after removal of major load, having been 
previously applied for 8 sec, 
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Fic. 4.—Time-Indentation Relations on Typical Plastics, }-in. Ball, 100-kg. Load. 
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_ (c) The corresponding Rockwell num- 
ber (M and R scale), which is 130 minus 
the residual indentation in scale divi- 
sions. 
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The significant values for the 20 typi- 
cal materials tested, are shown in Table 
II. They are arranged in order of their 
depth of indentation under major load. rT 
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Fic. 5.—Time-Indentation Relations on Typical Plastics, -in. Ball, 60-kg. Load. 


We have here an entirely different be- 
havior from that shown by the metals. 
On removal of the major load a large 
portion of the indentation is recovered 
within a few seconds, followed by a slow 
creeping recovery. 


It is apparent that the rank according 
to column A has no relation to the rank 
in terms of the M or R scale; materials 
like M592 and Norton, having nearly the 
same M scale value are widely different in 
indentation under load. Vinylite which 


is harder than hard rubber on the M 
scale, is considerably less resistant to 
indentation under load. 

TABLE Il.—INDENTATION RELATIONS. 


| is ts 
tion |= |*% 
e 
CofE 
Y4-1n. BALL, 100-kG. Loap 
M 187 .|0.50 | 34 9-|121 | 31 | 22 71 2 
M 592 0.50 | 46 16 |114 | 43 | 27 63 3 
BM 261 ... |0.136] 54 21 1109 | 51 | 30 59 4 
Mel Kraft 0.50 | 60 § }125 | 57 | 52 91 1 
BM 3510.....|0.141) 64 16 j114 | 61 | 45 | 74 2 
BM 120 0.128) 68 13 |117 | 63 | 50 79 2 
XXX H 401 |0.123) 69 15 |115 | 64 | 49 fie ES 
Norton 0.119/101 17 |113 | 85 | 68 80 1 
Catalin 0.119}109 13 |117 | 95 | 82 | 86 1 
Hard rubber.|0.126)126 54 | 76 |112 | 58 | 52 4 
Styrene 0.230}129 41 | 89 | 74) 65 3 
XP 208 D 0.125)130 51 | 79 |112 | 61 54 4 
Lucite .. }0.125}139 | 28 | 83 75 2 
Vinylite 0.251)147 49 | 81 1128 | 79 62 3 
CR 39 [0.122}159 | >1204 
Laminac 0.185}160 | >120 
Lumarith 0.194}164 |>120 
Fibestos ....|0.213}168 | >120 
Plastacele. .|0.130|168 | >120 
0.360}170 |>120 | 
14-1n. BALL, 60-KG. Loap 
M 2 [128/13] 11 | 84.7 | 2 
M 592 10.50} 19) | 18 | 13 | 72 3 
BM 261 10.136; 21 | 7 {123 20 | 13 65 4 
Mel Kraft ..0.50 | 28| 2/128) 24| 92 1 
BM 3510 0.141) 29 § |125 | 26 | 21 81 2 
BM 120 0.128) 27 4 |126 | 26 | 22 84.5 2 
XXX H 401. |0.123) 28 4 1126 | 26 | 22 84.5 2 
Norton 0.119) 38 4 126 | 33 | 29 88 1 
Catalin 0.119) 40 3 |127 | 35 | 32 91.5 1 
Hard rubber.|0.126) 45 12 |118 41 | 29 71 3 
Styrene 0.230) 46 4 | 42 | 38 | 90.6 | 1 
XP 208 D 10.125) 60° 20 |110 | 53 | 33 62 + 
Lucite 0.125} 50 4 |126 | 43 | 39 | 90.6 | 1 
Vinylite.... {0.251} 50 7 |123 | 46 | 39| 85 2 
0.122) 61 7 |123 | 53 | 46 87 
Laminac ....|0.185| 67 7 1123 | 57 | 50} 88 
Lumarith 0.194] 89 13 117 68 55 | 81 
Fibestos 0.213) 99 15 |115 | 81 | 66) 81 
Plastacele.. .|0.130). 98 20 |110 | 81 | 61 | 75 
| 33 | 97 |128 | 95 | 74 


“a 150 scale divisions — 30 divisions correction for spring 
of frame. 
© See description of classifications under Table III. 
Table III shows a classification of the 
materials tested by both scales in order 
of their percentage recovery. It is seen 
that the degree of recovery is not neces- 
sarily associated with either high or low 
resistance to indentation, and that the 
3-in., (R scale) condition has a 
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tendency to rank Styrene, Lucite, and 
hard rubber higher than the }-in., 100-kg. 
(M scale) test. This is probably due to 
the less severe indentation and corre- 
spondingly less permanent deformation 
of the material under the }-in., 60-kg. 
test. 

Since the degree of recovery is in no 
way related to the resistance to indenta- 
tion under load, it becomes clear that the 


relation of residual indentation (M or R 


scale) to the indentation under load, 
which is valid when testing metals, is not 


TABLE III.—INDENTATION versus RECOVERY. 


1é-in. 
4-in. Ball, 100-kg. Load 
Rank ow | 
Material | 38 
as | as 
ee Mel Kraft 91 1 92 1 
eee Norton 80 1 88 1 
Catalin 86 1 9.5; 1 
Dcowemnewe M 187 71 2 84.7 2 
BM 3510 74 2 $1 
ses BM 120 79 2 | 84.5 | 2 
XXX H 401 2 | 84.5) 2 
Lucite 75 2 | 90.6) 1 
Styrene 65 | 3 | 90.6! 1 
a Vinylite 62 3 85 2 
| ere BM 261 59 4 65 + 
10 belies Hard Rubber 52 4 71 3 
12 Sead XP 208 D 54 4 62 a 
. Class 1 = 80 per cent or over. 
2 = 70 to 80 per cent. 
3 = 60 to 70 per cent. 
4 = 60 per cent or less. ; 
& Class 1 = 88 per cent or over. n * 
2 = 80 to 90 per cent. 
3 = 70 to 80 per cent. 
4 = 70 per cent or less. 


suitable as a basis for comparing indenta- 
tion hardness of plastics. The situation 
is somewhat analogous to measurement 
of elongation in a tension test on a semi- 
elastic material by measurement of the 
length of the two broken halves. 

The measurement of indentation under 
load is utilized in other procedures for 
measuring indentation hardness, such as 
the Pfund hardness meter for paint films 
(3), and the R.A.B.R.M. hardness tester 
for leather (4). Most of the portable 
hardness testers for rubber use the same 
principle. 
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‘MEASUREMENT OF RESISTANCE TO 
INDENTATION UNDER LOAD 


On the assumption that the resistance 
to indentation under load might be a use- 
ful index of the structure and service 
behavior of plastics, further work was 
carried out with the purpose of establish- 
ing some test procedure based on the 
above findings, utilizing the Standard 
Rockwell instrument. 

Table II shows that the }-in., 100-kg. 
combination will indent the softer plas- 
tics beyond the limit of the useful stroke 
of the standard machine. The }-in., 
60-kg. combination, on the other hand, 
will give measurable indentations in the 
hardest of the mineral filled thermoset- 
ting materials at one end of the scale and, 
at the other extreme, will still give values 
on the softer thermoplastics. Since the 


demand at present is for a method of . 


measuring in the soft range, it appeared 
possible that by using the }-in. ball and 
loads of 60 kg. and lower, a scale covering 
a wide range of hardness might be de- 
vised. The 3-in. ball also has some de- 
sirable features which will be brought out 
later. 


LoapD—INDENTATION RELATIONS 


The earliest systematic study of the 
relation of load to effect of a spherical 
indenter was carried out by Brinell. He 


used the relation b 
$~ L 
Brinell Number = = 
Spherical area of impression 


This requires measurement of the inden- 
tation produced by the loaded indenter, 
which is impractical in plastics. 

Meyer in 1908 devised a method of 
expressing the change in hardness pro- 
duced by successive indentations with 
increasing loads. These two methods 
and their application to the testing of 
metals have been under investigation by 
Heyer (5). 

Meyer found that in most solid sub- 
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stances the relation between load L and 
diameter of the impression, d, for a ball 
of given diameter may be expressed by 
the equation ee 


where K is an index of specific hardness 
and is a coefficient representing the rate 
of hardness increase with depth of in- 
dentation. 

The ‘Meyer Hardness,” M is given by’ 


the expression 
M= - 


awd?/4 


If the load Z is given in kilograms and 
diameter d in millimeters, this equation 
represents the mean pressure, in kilo- 


TABLE IV. 


Rockwell 
Dial Scale 
Divisions 


grams per square millimeter of projected 
area, existing at the moment when the 
loaded indenter penetrates to a depth 
(and area) just sufficient to support the 
loaded indenter. 

If a material does not change in resist- 
ance to indentation as an indenter is 
progressively forced into the surface by 
increasing loads (M constant), then pro- 
jected: area of indentation, or the square 
of its diameter, would increase in direct 
proportion to load. 

In the Rockwell test, loads of known 
weight can be precisely applied. We 
cannot measure the diameter of the in- 
dentation under load directly, but we 
have an accurate measure of the depth of 
indentation caused by the increase from 
minor to major load, plus elastic defor- 
mation of the test specimen. 
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TABLE At this point we may utilize an inter- 
\%-in. Ball, 15 sec. esting property of the 3-in. ball when 


used on the Standard Rockwell. Calcu- 
Rank | Material ea ke kg. | ke. ote lation of the diameter of the intersection 
Load| Load) ye. of a plane with the 3-in. sphere at varying 
as | | | depths shows that for small increments of 
2......| 2 | 31 | 45 | 2.22 depth of this ball, namely, about 0.012 
BM 261 10 | 2 | 3 | 
appa BM 120 13 | 27 | 43 | 62 | 2.08  in., the depth is, for practical purposes, 
BM 3510 13 | 28 | 44 | 61 | 2.16 ; 
| xxx | 14 | 29 | 45 | 63 | 2.08 Proportional to the area. Table I\ 
Mel Kraft | | 3 | | | 3:13 shows the areas, of the intersection of a 
fiard Rubber! | plane and the 3-in. sphere for various 
11... | Styrene | 21 | 44 | 73 | 108 | 2.10 heights in Rockwell dial scale divisions. 
12......| Lucite 22 47 | 75 110 2.14 
13......| Vinylite | 22 | 48 | go | 149 | 2.18 Since this is about the limit’ of usable 
14...... | CR 39 | 27 | | 95 | 139 | 2.15 
| $B | 27 | 39 | 88 | 119/218 depth of indentation, the relationship of 
16......| Laminac» | | depth to area of indentation is close 
2.14 enough to linearity for practical pur- 
20......| Sarasa oF | 2.14 poses. This gives a means for testing 


the relation of load to area (or depth) of 
indentation stated in the Meyer equa- 
tion. 


fi, 
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LOAD, KG 
Fic. 6.—Load versus Observed Indentation on Typical Plastics. 
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Measurements were made of the depth 
of indentation with various loads in the 
Rockwell machine, using the 3-in. ball. 
The time, instead of 60 sec. used in the 
first part, was reduced to 15 sec., since 
most materials indent very slowly after 
this time interval. The correction for 
the spring of the frame was determined 
for each weight, and this correction was 
subtracted, so that the values represent 
the indentation into the sample (assum- 
ing no disturbance of material around the 
indentation). Since the minor load on 
the machine is 10 kg., enough to cause a 
definite initial indentation, the readings 
represent the additional increment of 
indentation caused by the load used. 
The 30-kg. weight was constructed to fit 
this particular machine, and had an ac- 
tual weight of 990 g.° 

The results of tests on the twenty 
samples previously tested are shown in 
Table V. They are listed in order of 
increasing depth of indentation at 60-kg. 
load. This is slightly different from the 
original listing in Table II because of 
small differences in depth attained at the 
15-sec. interval as compared to the 60- 
sec. period. The last column in Table V 
is the factor relating the observed inden- 
tation at 60-kg. to that at 30-kg. They 
are plotted in Fig. 6. 

It should be noted that these curves all 
start at 10 kg. (minor load) where the 
indentation indicated is 0. This is not 
Strictly true, since the 10-kg. minor load 
produces a significant indentation on all 
the materials. These relations would be 
more useful if we had a more accurate 
picture of the curves at the lower end. 
Since we have no way of readily measur- 
ing the indentation produced by the 
minor load (10 kg.) we shall make certain 
assumptions. 

We can measure the increment of 


* Various models of the Rockwell machine differ in their 
ratios of lever arms. The manufacturer should be con- 
— concerning the weight required for any specific 

el. 


= 
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additional indentation produced by the 
30-kg. load over that produced by the 
10-kg. minor load. Therefore, we know 
the change in depth produced by 30 — 10, 
or 20-kg. load. Since depth is propor- 
tional to area of indentation, we can use 
the depth directly instead of the area. 
If we can assume that, in this range of 
indentation, the relationship 


is valid, then since area is proportional 
to depth, the relation 


Hardness = 


should be equally true. 


The depth of indentation under the 


10-kg. load should then be 10/20 or 3 
of the increment of indentation produced 
by the increase of load from 10 to 30 kg., 
and the total indentation under any 
load should be this depth plus the in- 
dentation observed from the 10-kg. 
minor load to any major load used. 
These values for the 20 samples are 
shown in Table VI. The factor relat- 
ing total depth of indentation at 60 and 
30 kg., respectively, is shown in the last 
column. The values in Table VI are 
plotted in Fig. 7. The slight curva- 
ture of these lines suggests that they 
might follow some exponential relation, 
as was observed by Meyer in his original 
investigation on metals, 

If we consider the first Meyer equa- 
tion, given above, the d or diameter of 
the impression may be replaced by area 
a. Wecanthen write 

L = Kat . 


or, in the logarithmic form, 
log L = log K + q loga 
If it is assumed that depth d is propor- 


tional to area a 
log L = log K + q logd _ 


| 
Load 

| Depth 
4 
|_| = 
“= 


TABLE VI.—SUMMARY—TOTAL 
UNDER LOAD. 


1,-in. Ball, 15 sec. 
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INDENTATION 


If log L is plotted against log d the con- 
stant K is the value of L when indenta- 
tion depth is one and gq is the slope of the 


2132) 21/8) 3 |F tine 
If load is directly proportional to 
depth, g becomes 1; values of greater 
M 187 3.5/10,5| 18.5| 26.5] 35.5 | 1.76 than one indicate that the material in- 
Ba 20 4-5)13-5) 24.5) 35-5) 49.5 | 1-8) creases in hardness with indentation, 
M 120 6.5|19.5] 33.5] 49.5] 68.5] 1.72, 
BM 3510 | 6.59.5] 34.5] 50.5] 67.5 | 1.77 and of q less 
XXH401 [7 [21 | 36 2 | 70 1.71 Cres ardness w 
|7 |3r | jo  Sfessive decrease in hardness with in 
eee Norton 8.5/25.5| 44.5] 66.5] 90.5| 1.74 creasing depth of indentation. We are 
Catalin 9.5|28.5| 47.5| 70.5] 97.5 | 1.67 
Re Hard Rubber| 9.5|28.5] 52.5| 79.5|113.5| 1.84 assuming that no extraneous effects 
Styrene 10.5|31.5| 54.5] 83.5|118.5 | 1.73 one 
Lucite. 11 133° | 38 | 86 | 1.7% Such as piling up of the material around 
| | the edges of the indentation or a round- 
Lumarith 17 93 |141 aCe edg 
Fibestos Of the suriace an the edge of the 
Plastacele 163 176 1.81 indentation occur. Such effects are 
well described by Williams (6). 
The values for the 20 test materials 
a 
160 
16 
/ | 
17 
/ 
L\ 
- i2 
120 7 
4 10 { 
100 9 
LZ d 
60 
40 
20 
30 
010 25 5060 75 100 125 150 
LOAD, KG 
-_ Fic. 7.—Load versus Total Indentation on Typical Plastics. : 
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4 ; __| | | home 
150 SAMPLE _NO--46/ 8 9}//1416 
13 
100 “4 
PAP 
60 VAW/ Aj _\20 
z AVG 4 L 
Z 
WH 
/ Va 
10 Z WA 
2 3 4 5678 10 20 30 405060 80100 150 
INDENTATION 
_ Fic. 8.—Load versus Indentation, Log—Log Scale. 
NO-1 2 7 15 
150 SAMPLE 7 4 
VA, 
LAMY 
100 LA 4 
60 
AIAY Z 
x 
ra) LA L 
1 
2 20 30 40 60 80100 (150 
INDENTATION 
a Fic. 9.—L»ad versus Indentation, Log—Log Scale. 


are plotted on logarithmic coordinates Let L; represent the lesser of the loads 
in Figs. 8 and 9. One group of mate- used and d, its corresponding total depth 
rials shown in Fig. 8 shows a practically of indentation, and ZL, and de the respec- 


linear relation at loads between 30 and tive values for the greater of the loads. 


150 kg. with a slope sorrewhat greatcr Then i 
than one. 
log dz log L, — log d, log L, 


The value of the intercept K may be og K = 
obtained as follows: log dz — log 
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K is the intercept on the load axis when 
1, or is the load, based on the 
straight line defined by the above coor- 
dinates, which will produce an indenta- 
tion of 1. 

With K known, g may be calculated 
from the relation 


og L — log K 
log d 


The slope may also be obtained without 
using K from the equation 


log Lz — log Ly 
log dz — log d; 


or may be determined directly from the 
graph® by dividing the measured dis- 
tance between the two loads by the 
distance between their corresponding 
depths of indentation. 

K is of theoretical interest since it is 
an extrapolated value and will rank 
materials in a certain order of their re- 
sistance to indentation at extremely 
low levels of indentation. The exponent 
q measures the rate of change of indenta- 
tion with load if this relation follows an 
exponential form. 

The materials shown in Fig. 8 are 
listed in Table VII and the values of q 
have been calculated. 

This group contains all the unfilled 
plastics, wood-flour-filled phenolic, XXX 
paper-base laminate, and hard rubber. 
In the case of wood-flour-filled phenolic 
and’ paper-base laminate, it may be 
logical to interpret the higher value of 
qg on the basis of the behavior of the 
filler, consisting of a cellular or fibrous 
structure which is progressively packed 
by successively deeper indentation. In 
the case of the clear, unfilled plastics 
such as Catalin, Norton, and Laminac, 
this theory will not serve unless it is 
assumed that the molecular elements of 


6 The coordinates on the two axes must be on the same 
linear scale. 
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structure, such as fibrils, micelles or 
chain lengths, behave somewhat like 
the fibrous fillers in the first two mate- 
rials mentioned. Any piling up of 
materia] around the edges would result 
in an area of support greater than that 
-calculated from the depth and would 
result in an apparent increase of hard- 
ness with increasing depth of indenta- 
tion. 

Another group exhibiting somewhat 
different behavior is shown in Fig. 9. 


TABLE VII. 
Sample Material Slope, g 
XXX H 401 1.34 
SEE Hard rubber 1.16 
Lucite 1.24 
Fibestos 1.20 
Saran 1.23 
TABLE VIII. 
Sample Material Slope, ¢ 

M 592 1.30 
Melamine 

Kraft Lam. 1.47 
XP 208 D 1.52 


Instead of a constant slope between 30- 
and 150-kg. load, these materials show 
a perceptible increase of slope between 30 
and 60 kg. which then remains fairly con- 
stant up to 150 kg. 

The slope of the nearly straight-line 
portion of the curve between 60 and 150 
kg. for these materials are given in 
Table VIII. They are all compounds 
containing fillers of various types; the 
XP paper-base laminate shows the 
highest value of g among the group. 

Since we do not know the exact shape 
of the curve below the 30-kg. load, we 
have no evidence for or against the so- 
called “case hardened” effect often 
mentioned as a property of some plas 
tics cured by contact with the hot mold 
or by solvent evaporation from the 
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surface. Whether the slope of these 
lines gradually decreases to 1 or less 
may be revealed by further investigation. 
Some modification of the present instru- 
ment to provide for measurements of 
indentation with loads from 0 to 30 kg. 
might show the true shape of the curve 
for small increments of load. An in- 
crease in the measurable vertical move- 
ment of the indenter would also serve to 
explore the relationships at indentations 
greater than 150 scale divisions (0.012 
in.). 


A StmpLe INDENTATION HARDNESS TEST 


The analysis described might prove 
useful in the critical examination of 


TABLE IX. 


| Inden- | 
] tation 


Total Indentation 


Grade | | Fac | | Fac- 
30-kg.| 60-kg.| tor, | 60-kg.| tor, 

Load | Load | 60kg a | Load | Load | 60kg. 

30kg.| | 30kg. 

H8... 30 | | 2.14] 15 | 45 | 79 | 1.76 
Hi 36 | 81 | 2.25| 18 | S4 | 99 | 1.83 
H 48 | 105 |2.18| 24 | 72 | 129 | 1.79 
MH 46 | 103 | 2.24] 23 | 69 | 126 | 1.82 
58 | 128 | 2.20! 29 | 87 | 157 | 1.80 
ee 62 | 139 | 2.24] 31 93 | 170 | 1.83 
74 | 161 | 2.18) 37 | 111 | 198 | 1.78 
65 | 142 | 2.18 | 32.5) 9745] 174.5) 1.79 


specific materials or formulations . but 
does not lend itself to rapid and con- 
venient testing. Since the functions as 
plotted above are not entirely straight 
lines, nor do they have a constant 
slope, we cannot arrive at a simple ex- 
pression containing an intercept and 
slope to define a characteristic line for 
any material under all conditions of load- 
ing. 

With these limitations in mind, it is 
still possible to select a set of conditions 
which will give a fair index of indentation 
hardness. It can be seen from Tables 
V and VI that the indentation for the 
0-kg. load is approximately double 


that for the 30-kg. load. 
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To determine the feasibility of such 
a basis for a single unified scale to cover 
most of the plastics, the 20 samples 
previously described were supplemented 
by 8 additional samples of cellulose 
acetate,’ 0.290-in. thick, covering the 
range from grade H8 to S9. These 
were tested with 30-kg. and 60-kg. loads. 
The same assumption was made as be- 
fore in estimating the depth of indenta- 
tion with the minor (10-kg. load). The 
results are given in Table IX. 

It is to be noted that the depths of 
indentation with both 30- and 60-kg. 
loads are not strictly in line with their 
flow temperatures as indicated by the 
grade designation. 

Referring now to the factors relating, 
first, the observed indentation from 10- 
kg. minor load to 30-kg., and from 10-kg. 
minor load to 60-kg., it is seen that they 
vary from 2.00 to 2.26 with an average 
of 2.17. If the Meyer relationship is 
valid and the exponent g is 1, thenthe 
factor relating these depths of indenta- 
tion should be 2.5, since we apply 30 — 10 
or 20 kg. additional in the first case and 
60 — 10 = SO kg. additional -in the 
second. 

The factor relating total indentation 
(estimated indentation at 10 kg. plus 
additional observed indentation at 30 
kg. and at 60 kg.), assuming the Meyer 
relationship and g = 1, should be 2.0. 
The actual values vary between 1.67 
and 1.84, averaging 1.78. Both of these 
approaches point to the same conclusion, 
that is, that at this level of loading the 
load and indentation are not propor- 
tional. 

Neither of these simple methods, 
therefore, will provide the basis for a 
single scale utilizing the two weights. 
Each weight, however, can be used with- 
in its useful range to measure indentation 
hardness under load and can carry its 


7 Mans supplied by J. H. Teeple, Celanese Celluloid 


yr 
e 4 
« 
of 
It | 
at 
ld 
at | 
9. 
q 
= 
) 
J 
30- | 
how 
n 30 
con- 4 
-line 
150 
in 
unds 
the | 
the | 
Ip. 
hape 
1, we 
S0- 
often 
plas- 
mold | 
the 


Boor ON INDENTATION HARDNESS OF PLASTICS 


own designation. Since we have set 
150 scale divisions as the limit of pene- 
tration, then 150 — scale reading will 
give us a set of numbers in proportion to 
resistance to indentation, or to indenta- 
tion hardness. In the group of materials 
listed, everything down to Saran and 
all of the acetates except S4 can be 
measured with the 60-kg. load. The 
30-kg. load can be used for materials 
overlapping in hardness into the 60-kg. 


TABLE X. 
¥-in. Ball, | 4%-in. Ball 
60-kg. Load, | 30-kg. Loa 
15 sec. 15 sec. 
Rank Material = 
In- In- 
denta-| |denta-| 
aan Scale tion Scale 
ee M 187 15 135 
~ aces M 592 20 130 
| om BM 261 22 128 
BM 120 27 123 
ie BM 3510 28 122 
— XXX H 401 29 121 
| EE Mel Kraft 30 | 120 
Norton 36 116 
TRS Catalin 38 | 112 
10 Hard rubber 43 | 107 
11 Styrene 44 | 106 
a Lucite 47 103 
» Vinylite 48 | 102 
See CR 39 58 92 
ae XP 208 D 59 91 
: Laminac 63 87 
ee Lumarith 76 74 
18 Fibestos 88 62 
19 ....| Plastacele 93 57 
Saran 137 13 
Acetate H8 64 86 30 | 120 
H4 81 69 36 114 
105 45 48 102 
MH 103 47 46 104 
M 128 22 58 92 
7 $2 139 il 62 88 
7 S4 161 74 76 
‘ so 142 8 65 85 
PP3 (1-in. bar)*............. 103 | 47 
a Synthetic sole material....... 148 2 


@ Soft Amino Resin. 


range (150 scale divisions of indentation 
with 60-kg. load will give about 70 
divisions of indentation with 30-kg. 


- Joad) and ranging downward to very 
- soft synthetic shoe sole compositions 
; easily indented with the fingernail. 
When measuring such soft materials, 
i the 10-kg. minor load causes a_per- 


ceptible creep before the major load 
is applied and requires setting the 0 
point as quickly as possible. 


Since the makers of the Rockwell 
tester have exhausted the English al- 
phabet for scale designations, we might 
start on the Greek and call the above the 
alpha and beta scales. 

A tabulation of the 28 materials would 
be as shown in Table X. 

If we can assume an average factor of 
2.17 representing the ratio of observed 
indentation between the 60- and 30-kg. 


TABLE XI. 
Material 
Order Material 4 
1 | 3319 Paper-base melamine 


laminate 

2 | BM261 Mineral-filled phenolic 

3 | BM120 Wood-flour-filled phenolic 
4 | F3 Polystyrene, Monsanto, 
injection molded 


5 R3394 


Lucite-boilable 
6 a] Plexiglas type IT 
7 | XMS 10023 Polystyrene-Bakelite 
compression molded 
8 | VS1310 | Vinylite clear 
9 | R3393 | Lucite standard 
10 | 1A-% | Plexiglas type 1A 
11 L01 39 Nylon type FM1 
12 | I1-% | Plexiglas type II 
13 1A-4 | Plexiglas type 1A 
14 | CR39 | ZS-3364 clear 
15 | 3414 | Laminac clear 
16 | D1223 Cellulose nitrate—Nitron 
17 | 3323 Laminac canvas laminate 
18 11224 Cellulose acetate—F ibestos 


Ethy] cellulose—Hard 
Cellulose aceto-butyrate 


21 22631 | Ethyl cellulose medium 
hard 

22 | Saran 1 Saran compression molded | 

23 | 205A-M Cellulose aceto-butyrate | 

24 | Saran B115 | Saran injection molded 

25 | 205A-S2 | Cellulose aceto-butyrate | 


loads, these scales can be roughly con- 
verted as follows 


a scale = 150 — 2.17 X (150 — 8 scale hardness) 


150 — a scale hardness 
2.17 


B scale = 


Simplifying these expressions gives 
a = 2.178 — 175 


175 + 


This conversion will give values within 
5 scale divisions of the observed values 
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on the typical samples shown. We 
cannot emphasize too strongly that this 
is only a rough conversion and that the 
average factor of 2.17 is subject to con- 
firmation on each specific type and pos- 
sibly hardness of material. 

An additional group of samples* was 
tested for indentation hardness by the 
various procedures. The identity of 
the samples is shown in Table XI. Their 
hardness by the @ and 6 scales and by 
the M and R scales is given in Fig. 10. 
The average factor between observed 
indentation at 60 and 30 kg., respec- 
tively, was 2.16 for this group. 


TABLE XII.—SUMMARY OF ROCKWELL 
INDENTATION UNDER LOAD. 
¥-in. Ball, 60-kg. Load, 15 sec. 


ACCO | | |Du Pont 
| 

No. 1.. Fibestos 91 | 95 | 96 | 97 | 99 |100 | 80 
No. 2.. CR39-1 57 | 60 | 61 | 64] 61 | 62 | SI 
No. 3.. Lumarith 76 | 78 | 78 | 82 | 83 | 80 | 69 
No. 4.. Catalin 38 | 39 | 41 | 43: | 40 | 40 | 31 
No. 5.. Vinylite 47 | 49 | 48 | 51 | 48] 48 | 41 
No. 6.. Lucite 45 | 46 | 47 | S51 | 46 | 50 | 38 
No.7....| Styrene* 44 | 44 
No. 8.. Norton 7-3 | 35 | 36 | 37 | 40 | 36 | 38 39 
No.9.. Plastacele | 92 | 96 | 98 | 99 |105 |107 | 70 


@ Badly warped specimen. 


Reproducibility: 


A series of nine samples of typical 
plastic materials’ was tested by five 
laboratories, representing six individual 
Rockwell hardness testers. All sam- 
ples were conditioned and tested at 77 
to 78 F. and 50 per cent relative humid- 
ity. These values are shown in Table 
XII and plotted in Fig. 11. The Bake- 
lite machine, which gave consistently 
lesser depth of indentation, was an old 
model in which the frictional losses at 
low loads were appreciable. Among 
the other five machines none showed a 
deviation from the average of more than 


Libbey-Owens-Ford 


8Furnished by J. D. Ryan, 
Co 
* Furnished by M. E. Marks, Pittsburg Plate Glass Co. 
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about 10 per cent. A higher degree of 
uniformity might be gained by a more 
careful intercalibration of the instru- 
ments. 


Effect of Thickness on Indentation: 


There is a commonly accepted idea 
that the indentation observed on a 
given material is constant as long as a 
minimum thickness is exceeded and 
the anvil no longer affects the depth 
attained by the indenter. ‘To establish 
the effect of thickness, several repre- 
sentative materials were prepared as 
follows: 

A bar or piece of each material was 
cut so that the original test surface was 
undisturbed, but the amount of sub- 
stance below this surface was varied by 
machining it to a given thickness. The 
back of each piece was lapped flat by 
means of fine abrasive paper. 

The Rockwell indentation under load 
was then measured for each piece, a 
given value representing an average of 
three tests. Both flat anvil, and spot 
anvil (raised spot 74 in. in diameter) 
were used. The data are shown in Figs. 
12 and 13. It is seen that, in general, 
increase in thickness is accompanied by 
increase in indentation (up to the limit 
tested, 2 in.). From in. to } in., each 
material has its own type of curve. 
The spot anvil invariably shows greater 
indentation than the flat anvil, because 
of the obvious effect of indenting on 
both sides. 

Samples jj; in. in thickness showed 
two extreme types of behavior. One 
extreme is illustrated by hard rubber, 
where the indentation is much less than 
that measured on thicker pieces. The 
other extreme is shown by several 
acetates where there appears to be a 
minimum indentation at about § or 
1 in. Thicknesses greater or less than 
this showed greater indentation. In 
the case of thin pieces of soft plasti 
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Fic. 12.—Effect of Thickness on Depth of Indentation. 
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this might be due to a sideward flow 
of material away from the point of 
indentation. Other materials show a 
uniformly steady increase of indentation 
with thickness. This behavior will 
probably affect the slope and intercepts 
of log L, log d curves shown in Figs. 8 
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thickness. During the investigation of 
this procedure on indentation, another 
important factor became evident. Many 
test materials, especially those prepared 
by molding, have faces which are not 
perfectly flat, due to crowning of top 
and bottom plungers of the mold or to 


130 25 
? 
25 4 120 
| | 
20 | 
A 
0} 
105 100 
2-30 KG 
| 
85 — 80 
| wai 
/2-30KG | 18125 CLEAR | 
CELLULOSE ACETATE 
51070 BROWN! 
et + es + & 3 
THICKNESS, IN 
7 Fic. 13.—Effect of Thickness on Depth of Indentation. SS 


and 9 and also the factor relating the 
indentation between 60- and 30-kg. 
loads. For such studies, thickness must 
y be either kept uniform, or its effect must 
determined. 
Another commonly used procedure is 
to stack several layers of thin sheet 
material to form a total minimum test 


warpage after removal from the mold. 
If such a piece is tested with the concave 
side down on the flat anvil, obviously 
the piece will be resting only on the 
edges, and if it does not bend sufficiently 
to bring the center into contact with the 
anvil when the minor load is applied, 
this gap will be closed when the major 
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load is applied and will register on the 
dial gage as indentation. A gap of 0.001 
in. corresponds to 12 scale divisions. 
The tests shown in Table XIII were 
made on 2-in. disks, }-in. thick, of BM 
120 black, which had parallel faces, 
but one side was about 0.015 in. convex 
and the other was _ correspondingly 
concave. 

It is clear that in a single thickness, 
the minor load has closed the gap present 
with the concave side down, and the 
same indentation is obtained as in the 
reverse direction. With two _ layers 
bridged across the anvil, the minor load 


TABLE XIill. 
Indentation, 
14-in. Ball, 
BM 120 tested singly: 60-kg. Load 
Concave up—Piece No. 1.................. 28 
27 
28 
2 pieces both concave up—Nos. 1 and 2..... 30 
Nos. 2 and 3.. 31 
Nos. 3and1... 31 


2 pieces both concave down—Nos. 1 and 2... 45 
Nos. 2 and 3. 56 
Nos. 3 and 1 48 


3 pieces all concave up—Nos. 1, 2,3......... 33 
3 pieces all concave down—Nos. 1, 2,3...... 68 
No. 1 top, concave down 
No. 2 concave up 
No. 3 concave down 


does not close the gap and this amount 
is observed as extra depth of indentation. 

It is therefore of utmost importance 
that the bottom surface of a test speci- 
men is flat or slightly concave. This 
effect is particularly troublesome in thick 
pieces which may have local concave 
areas, smaller than the diameter of the 
flat anvil. These must be lapped to a 
flat or slightly concave bottom surface 
before testing. To observe the effect 
of layering of flat, parallel pieces on 
indentation, the following materials were 


| 


BM 120,'° }-in. molded disks were 
lapped flat on both sides. An original 
molded surface was tested as the top 
piece. 

Paperbase phenolic laminates,! 
XXX H 401 and XP 208 D, } in. 
thick, were cut into 1-in. squares, and 
the edges were carefully rounded to 
remove saw burrs. 

Successive layers were then tested 
for indentation with the 3-in. ball and 
60-kg. load. The values in Table XIV 
were obtained, and they are plotted in 
Fig. 14. 

Comparing, first, the values obtained 
on BM 120, for solid samples of various 


TABLE XIV. 
Indentation Under Load 
Total 
Layers Thick- nlx 
ness, in. xxxX 

BM 120 401 D 

28 3M 56 

30 36 64 
oe 3% 33 39 72 
| 34 40 75 
36 41 717 
% 38 43 79 
39 44 82 

_ 1 40 46 83 

Solid bar..... % | » | 


thicknesses with the same material in 


the form of }-in. layers of equivalent 
thickness, it is seen that indentation 
changes with thickness at different rates. 
On }-in. thick layers of typical laminates 
the rate of change of indentation with 
increasing layers is even more marked, 
and is specific for each type of structure. 

It is evident that any hardness value, 
based on indentation under load, will 
be, to some extent, a function of thick- 
ness, and also of the number of layers 
making up this thickness. The above 
described behavior should be considered 
in any hardness testing procedure. 


10 Samples from W. A. Zinzow, Bakelite Con. 
nee from G. H. Mains, National Vulcanized 
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Utitiry OF HARDNESS TESTS 


The question frequently arises, “Of 
what use is hardness testing?” 

This can be answered only by the 
workers in each particular field of plas- 
tics. This paper has been an attempt 
to clarify some of the factors involved 
and to indicate limitations. Certainly 
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indication of progressive polymerization 
in reactive resins may be obtained, and 
the effect of various fillers and_plas- 
ticizers may be followed. 

In conclusion we wish to express our 
thanks to the Directors of the Stamford 
Laboratory for permission to publish 
this paper, to the staff for their assistance 


40 
LAYERED 


INDENTATION 


THICKNESS,IN 
Fic. 14.—Effect of Layering on Depth of Indentation. 


we are not yet in a position to relate 
hardness to other properties with any 
degree of exactness. 

The test may be used as a quick non- 
destructive test of identity. It will 
indicate roughly the compressive (and 
perhaps tensile) modulus. By the use 
of the more elaborate analysis, some 


had 
48 


and suggestions, to Mr. V. E. Lysaght 
of the Wilson Mechanical Instrument 
Co. for his valuable aid, and to the mem- 
bers of Subcommittee II on Hardness 
Properties of A.S.T.M. Committee D-20 
on Plastics for their contributions in the 
form of samples and cooperative tests. 


| 
| 
(2 
4 
| 
4 


(1) David Starkie, “The Hardness and Scratch 
Resistance of Plastics,” Journal, Soc. Glass 
Technology, Vol. 26, June, 1942, pp. 130- 
144. 

2) G. M. Kline and B. M. Axilrod, “Study of 
Transparent Plastics for Use on Aircraft,” 
RP 1031, Journal of Research, Nat. Bureau 
Standards, Vol. 19, October, 1937, pp. 
367-400. 

(3) A. H. Pfund, “Tests for Hardness, Gloss, 
Color, and Leveling of Varnishes,” Proceed- 


i 
y 
) 
a” 


a & 


. 


Boor ON INDENTATION HARDNESS OF PLASTICS 


ings, Am. Soc. Testing Mats., Vol. 25, Part 
II, p. 392 (1925). 

(4) G. O. Conabere, “Firmness, Compressibility 
and Abrasion Resistance of Sole Leather,” 
Journal, Int. Soc. Leather Trades’ Chemists, 
Vol. 28, February, 1944, p. 25. 

(5) Robert H. Heyer, “Analysis of the Brinell 
Hardness Test,”’ Proceedings, Am. Soc. Test- 
ing Mats., Vol. 37, Part II, p. 119 (1937). 

(6) S. R. Williams, “Hardness and Hardness 
Measurement,” Am. Soc. Metals, p. 281 
(1942). 


mn 
id 
S- 
ur 
rd 
sh 
ice | 
her 


in written form).—Mr. Boor has made an 
exceptionally careful analysis of the use 
of the Rockwell Tester for measuring 
the hardness of plastics and has also 
considered the subject of the value of a 

| hardness test on plastic material. 
The important contribution of this 
paper is that the author has taken a 
machine already on the market and used 
by thousands of companies for metal 
testing, for which it was designed, and 
adapted it to the problem of testing 
plastics. ‘The method may be involved 
and complicated, but if this test is the 
one which will furnish the necessary 
information to those interested in study- 
ing the hardness of plastics, it is possible 
that changes in the design of the tester 
can be made so as to simplify making 

this test. 

Up to this time, it has been very 
difficult for the manufacturers of hard- 
ness testing equipment to know just 
what type of test is desired by the 
manufacturers and users of plastic mate- 
rial, and with this fundamental require- 
ment lacking, it was impossible for any 
instrument company to design a machine 
for testing plastics. With the informa- 
tion given in this paper, it is possible 
for the plastic industry to determine 
whether this test is the one they desire 
and, if so, the problem of providing a 


1 Assistant to the Ryeckdent, Wilson Mec hanical Instru- 
ment Co., Inc., New York, N. Y. 


DISCUSSION 
: Mr. Vincent E. Lysacut! (presented simpler machine or modifications of the 


present machine, can be studied. 

Mr. LapIsLav Boor? (author’s closure, 
by letter).—Since the presentation of this 
paper, the author has been informed of 
some tests utilizing the Rockwell instru- 
ment with 2-in. indentor and 100-kg. 
and 60-kg. loads. The 100-kg. load 
produced indentations near the practical 
limit of the machine on the softer plas- 
tics. The 60-kg. load gave readable 
differences of indentation under load, 
In both cases, the rank of seven samples 
by depth of indentation under major 
load was entirely different from that ob- 
tained by observing the depth of in- 
dentation after major load was removed. 

Evidence of a growing recognition of 
the behavior of plastics under loaded 
indentors is a method in use by the 
automotive trade which records hardness 
indices under both major and minor 
loads. 

The range of resistance to indentation 
of commercial plastics, from mineral 
filled thermosetting materials to the 
softer thermoplastics is enormous, and a 
method including them all on a single 
scale will inevitably lack the precision to 
separate closely similar materials. 

We hope that this paper and discussion 
will serve to stimulate interest in this 
field, and to encourage further investiga- 
tion of indentation relationships. 


2 Physics Division, American Cyanamid Co., Stam- 
ford Research L aboratories, Stamford, Conn. 
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IMPACT TESTING OF PLASTICS—II. FACTORS WHICH INFLUENCE 
THE ENERGY ABSORBED BY THE SPECIMEN 


4, 
By Davin Tevrarr! H. K. Nason! 
. 


SYNOPSIS 
The energy required to fracture a specimen is discussed from the standpoint is 
of its dependence on the following four factors: _ 

1. Dimensions of the test specimen a - 
; 2. The notch, 
3. Rate of stressing, and 
4. Temperature. 
These factors are first considered briefly from a theoretical standpoint. —_ 
Some of the similarities and some of the differences in the behavior of the __ 
plastics on the one hand, and of metals on the other, are brought out. _ 


A series of experimental results are discussed and are shown to be in general 
agreement with the theoretical approach. As with metals, it appears that the 
state of stress (as influenced by the notch) plays a more dominate réle in deter- 
mining the behavior of plastics than does the speed of testing or the 
temperature. ve 

For those plastics which exhibit very little ductile behavior, the energy , 
absorbed in fracturing an unnotched specimen loaded as a simple beam is 
shown to be consistent with an equation derived from the theory of elasticity. 

Experimental evidence is ‘presented which indicates that for many plastics 
the tensile strength varies linearly with the logarithm of the stressing rate over 


a relatively wide range. Samal 


In an earlier paper (1)? the authors 
discussed certain disadvantages of the 
standard pendulum type Izod and 
Charpy impact test methods. In particu- 
lar, it was shown that the energy meas- 
ured by these tests often obscures the true 
impact resistance of a material by in- 
cluding the energy absorbed in tearing 
apart and throwing the broken ends. 
Only that portion of the energy used in 
fracturing the specimen is of practical 
significance. Several authors have dis- 


1In charge of Physical Testing and Assistant Direc- 
tor of Research, respectively, Plastics Division, Monsanto 
Chemical Co., Springfield, Mass. 

?The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references ap- 
pended to this paper, see p. 1004. 
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cussed revised impact machines and 
test methods (1, 2, 3, 4, 5, 6) which are 
designed to measure only the energy 
to fracture. Such methods and ma- 
chines are necessary prerequisites to 
any attempt to correlate impact strength 
with other properties, or to interpret 
impact test results in terms of more 
fundamental properties of a material. 
As a number of authors have pointed 
out, however, (7, 8, 9, 10, 11, 12, 13) 
there exist several complicating factors, 
the most important of which are those 
listed above in the synopsis. It will be 
the purpose of this paper to discuss these 
factors as they apply to the impact 
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994 
testing of plastics. It is hoped that 
such a discussion will help to clarify 
many of the problems involved and will 
throw light on the possibilities of the 
impact test as a means of revealing the 
physical properties of plastic materials. 


‘THEORETICAL 
Fundamental Considerations: 


_ Impact strength, in its usual sense, 
might be defined as the energy absorbed 
in the process of deforming a standard 
specimen to the point of rupture. This 
energy must be supplied by externally 
loading the specimen and thereby build- 
ing up internal stresses which eventually 
result in failure at some localized point. 
The energy absorbed in the internal 
stressing is equal to the external work 
done by the applied load: 


S 


iq 
4 


where: 
W = the external work done, 


p = the applied load, 

s = the distance through which the 
load p has moved, and 

S = the value of this distance at the 


point of failure. 
If the deformation follows Hooke’s law, 
that is, if p = ks, then Eq. 1 integrates 
to: 


where P = the value of p at the point 
of failure. In the general case, where 
Hooke’s law is not obeyed, the integral 
(Eq. 1) may be evaluated by measuring 
the area under the load versus deforma- 
tion curve with a planimeter. 

Thus it is seen that both force and the 
distance through which the force moves 
are involved in determining impact 
strength. Alternatively, this may be 
stated by saying that both the strength 
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and the ability of a material to deform 
under load are involved. 

It is known from experiment that, 
under proper stress conditions, extremely 
brittle materials such as marble or cast 
iron will exhibit a surprisingly high 
degree of ductile deformation. On the 
other hand, even the most ductile of 
metals can be made to fail in a brittle 
fashion when they are subjected to 
certain other conditions of stress. Toa 
fair degree of approximation the stress 
conditions which determine whether a 
failure will be ductile or brittle may be 
described in terms omax. aNd Tmax., the 
maximum tensile and maximum shear- 
ing stress, respectively. In all materials, 
plastic or ductile deformation takes 
place under the action of shearing 
stress, after the latter has reached a 
certain critical value. Likewise, a ma- 
terial fractures only when the tensile 
stress reaches a critical value. If omax. 
reaches its critical value before tmax. 
reaches the value at which yielding takes 
place, then brittle fracture occurs.’ 
Otherwise, the material will deform 
ductilly until, under the action of strain 
hardening, the critical values of tensile 
and shearing stress are changed so as 
to result in failure. 

The effect of a notch in producing 
brittle failure may be best described in 
terms of the above approach. Around 
the base of the notch there exists a state 
of stress corresponding to a high value of 
Omax., and a low value of tmax.. The 
possibility of ductile deformation is 
thereby greatly lowered, and _ brittle 
failure, or diminished ductility results. 

Different types of impact specimens, 
for example, tension, torsion, or flexed 
beams, will have different ratios of 
maximum shearing to maximum tensile 


3 This interpretation has been verified experimental 
for transparent Bakelites (BT-61-893 and BT-46-001) by 
photoelastic stress analysis. See M. M. Frocht, Jour 


Applied Mechanics, Am. Soc. Mech. Engrs., Vol. 3, No. 3, 
p. A-99 (1936). 
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stress, and consequently one specimen 
may give a ductile failure and show a 
high impact strength, whereas another 
of the same material will result in a 
brittle failure and a low impact strength. 

If we are concerned with materials 
which exhibit a brittle failure under 
conditions of tensile, flexural, or even 
torsional loading, such as many plastics, 
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the specimen, (2) the critical stress: or 
stress at which failure takes place, and 
(3) the moduli of elasticity of the mate- 
rial.‘ Table I gives expressions for the 
energy derived in this way for several 
possible test specimens. A comparison 
of the equation for the simple unnotched 
beam with experiment will be made 
later in this paper. 


TABLE I.—CHARACTERISTICS OF VARIOUS TEST SPECIMENS. 


Dependence of Ener 
Specimen Ty Description of Stress ‘or Ductile pong . By 
Deformation on Dimensions 
Non-Uniform We (Eq. 3) 
Good 4 G 
om 
— = i Wp = ? 
Tm 
Torsion 
. —)—y)— Uniform Wrotal = KV (Eq. 4) 
Fair K_= Area Under Stress — 


Tension 


Strain Curve 


Cantilever Beam, Unnotched 


Non-Uniform 


om {=2, Unnotched 
™m \>2, Notched 


Somewhat Less 
an for 


(1 +: 3E D2 
Tension 


10G 
(Eq. 5) 
Wp=? 


+ 


Simple Beam, Unnotched, 
Centrally Loaded 


Non-Uniform 


2, Unnotched 
>2, Notched 


Somewhat Less 4 
Tension We= cr 
(Eq. 6) 
Wp =? 


then the impact strength is not compli- 
cated by the question of ductility. In 
such cases we may use Eq. 2 for describ- 
ing the energy stored in the test speci- 
men. The classical theory of elasticity 
allows us to express the maximum load, 
p, and the maximum deflection, or 
distance through which the load moves, 
5, in the terms of (1) the dimensions of 


It should be clearly understood that 
these equations can be expected to be 
good approximations only (1) for un- 
notched specimens, (2) when values of 
maximum stresses and moduli corre- 
sponding to the speed and temperatures 


4 Analyses of this kind may be found in S. Timo- 
shenko’s ee of Materials,” D. Van Nostrand Co., 
New York, N. Y., Vol I, pp. 173 and 296 (1940). 
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of testing are used, and (3) for cases 
of brittle fracture, or where the load 
versus deformation curve is approxi- 
mately a straight line. 

The effect of a notch will always be 
such as to complicate the distribution of 
stress in the specimen in such a way that 
a mathematical analysis becomes very 
difficult, or impractical. If the material 
is a typically brittle one, the impact 
strength is lowered because of the stress- 
concentrating action of the notch. The 
chances are, however, that this lowering 
of impact strength will not be as pro- 
nounced as it is for a typically ductile 
material, if the notch sufficiently inhibits 
plastic deformation to result in brittle 
failure. 


Rate of Stressing: 


Perhaps the most outstanding differ- 
ence between plastics and metals is the 
greater dependence of the former upon 
the time factor. In general it is not 
possible to consider strain of plastics 
as a function of stress alone, as in the 
case of metals at room temperature. 
For plastics, strain becomes a function 
of stress and of time. They must be 
considered as _ visco-elastic materials 
rather than as elastic materials. One 
of the manifestations of this time-de- 
pendent character of plastics is their 
relatively large creep under steady load 
(14). Another is their high capacity for 
damping out mechanical vibrations (15, 
16). 

There is a common concept to the 
effect that, as the speed of loading in- 
creases, the impact strength of a material 
decreases. Actually, the reverse is more 
nearly consistent with experiment, both 
for plastics and for metals. The con- 
fusion seems to arise primarily because 
unnotched specimens are usually used 
for static testing whereas notched speci- 
mens are used for impact testing. 

The notch nearly always dominates 
the behavior of the specimen and is 
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dw 


usually responsible, rather than is the 
increase in speed, for a decrease in 
energy to fracture. In the special case 
where conditions are such that omax. 
and Tmax. reach their critical values 
nearly simultaneously, only _ slight 
changes in the notch, the temperature, 
the size and shape of the specimen, or 
the internal structure of the material 
may result in a transition from ductile 
to brittle failure, or vice versa. It is in 
or near this critical transition region that 
changes in loading speed will have the 
greatest effect on impact strength. Duc- 
tile-brittle transitions have been 
observed in metals by varying speed 
alone, and many plastics would un- 
doubtedly show a similar behavior. The 
closely related phenomenon of raising 
the yield point by increasing stressing 
rate is easily observed for such plastics 
as cellulose acetate and cellulose nitrate 
in tension. It is reasonable to assume 
that as the stressing rate is increased 
more and more for these materials that 
eventually a point will be reached at 
which the yield stress (or critical shear- 
ing stress) is equal to or exceeds the 
cohesive strength (or critical tensile 
stress). For speeds above this critic.l 
speed brittle failure would be produced. 
However, it appears that the cohesive 
strength of normally ductile plastics 
increases with speed about as rapidly 
as does the yield point. Thus the 
impact strength change may be rela- 
tively small for large changes in testing 
speed. A doubling of impact strength 
frequently corresponds to an increase 
in speed of several hundred or thousand- 
fold. 


iffect of Temperature 


The strength of plastics is, in general, 
considerably more sensitive to tempera- 
ture changes than is that of metals. 
Accompanying their change in strength 
with temperature, a change in ductility 
or in ability to deform for a given stress 
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ratio, Omax./Tmax. May be expected. with temperature (14). The change 
Also, the dependence of deformation on of each of these variables, (strength, 
time is known to change considerably ductility, and creep or speed character- 
istics) with temperature will have its 
effect on impact strength. — 


| | 02) | EXPERIMENTAL 
W=K, (BDL) (/+ 
(BDL) 77, Dependence of Impact Energy on Dimen- 


sions: 


Experimenta/ As already indicated, a large and 


ints important branch of the plastics family, 
Span,L_ | 


°4in TABLE Il.—-EXPERIMENTAL AND CALCULATED 
@ 3in. 2 VALUES FOR THE ENERGY REQUIRED TO 
© 2in. FRACTURE AN UNNOTCHED BEAM IN SIMPLE 


Experi- 


Material Experi- 
mental— 
Unnotched 
Eq. Charpy. 
| Curve (Higher 


Speed) 


Energy to Fracture Unnotched 
Specimen, ft-lb. 


0.1 0.2 0.3 0.4 0.5 Woodflour filled phe- 
f nolic, machined face L 
Depth 0, in. in tension... 0.168+0.018/0.265+0.031 


Asbestos filled phenolic, 

Fic. 1.—Theoretical Expression for the machined face in ten- 
Energy Required to Fracture an Unnotched, Woodflour filled 
Simply-Loaded Beam with the Constants, K, nolic, molded face in 
and Chosen so as to Fit Experimental 0 0.300+0.053 


0.107 +0.015/0.231+0.024 


Asbestos-filled 
Phenolic- unnotched 


Asbestos -filled 
Phenolic -notched \ 
\ \ 

Wood flour - filled 


Phenolic -unnotched 


Woodflour - filled 
Phenolic -notched 


0.02 0.03 
Deflection, in. 


Fic. 2.—Flexural Load-Deflection Curves for two Phenolic Materials. (Notched Samples had a 
Depth of 0.5 in., with 0.4 in. below the Notch. Unnotched Specimens Hada Uniform 
Depth of 0.4 in.) - 
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namely, the thermosetting plastics, fail 
with little or no ductile deformation. 
For ordinary rates of loading, their 
stress-strain curves and load-deflection 
curves are essentially straight lines all 
the way out to the point of failure (see 
Fig. 2). This fact, coupled with the 
fact that their total strain at failure is 
small, makes it possible to describe their 
impact strength, or the energy absorbed 
J in deforming them up to the point of 
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1 


stressing in the Charpy impact test was 
approximately 30,000 times as rapid as 
in the static flexural test from which the 
data in the second column were obtained. 
The agreement between columns 1 and 
2 reflects the fact that the constants 
used for calculating the theoretical value 
(omax., E, and G) were those obtained 
from static tests. More experimental 
evidence will be given below under the 
heading “Rate of Stressing,” which 


4 £ 1.4 | 
f 
‘ a --+Standard Notched 
/zod Test 
| 
S08 7 |—— Energy to Fracture, 
Notched /zod Specimen 
| 
|_| 
a 0.2 Theoretical Curve }— 
o | Experimental Points | 
0 02 


‘Wie. 3.—Theoretical Curve for a Notched Izod Specimen Fitted to Experimental Points by Proper 


04 06 O8 1.0 
Depth of Specimen, D, in 


Choice of Constants. 


initial fracture, by means of the equa- 
tions given in Table I. In applying 
these equations, however, it must be 
remembered that the tensile strength 
and moduli values may be considerably 
higher at high rates of loading, such as 
encountered in impact, than they are for 

the loading rates used in static tests. 
Table II presents data for the energy 
to fracture calculated by means of Eq. 
6 of Table I from experimentally deter- 
mined values of ¢max., and G. For 
comparison, values are listed for the 
energy determined experimentally from 
the area under the load-deflection curve 
of each material. In the first two cases, 
data were also available for unnotched 
Charpy impact values. The rate of 


indicates that the energy to fracture, 
Gmax., and also possibly E and G, in- 
creases with an increase in the rate of 
stressing. 

Figure 1 gives experimental points for 
specimens of varying dimensions of C.R. 
39 resin obtained by M. E. Marks of the 
Columbia Chemical Div. of Pittsburgh 
Plate Glass Co. These points are seen 
to be in general agreement with the 
four theoretical curves, which represent 
Eq. 6 for each of the four different values 
of span used.® 


& Since the writing of this paper, Mr. Marks has pre- 
sented further data on this subject before Subcommittee 
VIII on Research of A.S.T.M. Committee D-20 on Plastics 
(New York, June 27,1944). His data are further evidence 
of the suitability of an equation of the same form as Eq. 6 
for describing the dependence of impact strength on 


dimensions for unnotched specimens. a q 
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The Notch: 


Figure 4 shows the surprisingly large 
reduction in energy-to-fracture which is 
produced by a standard A.S.T.M. notch 
in Izod specimens.*® It is apparent that 
for some of these materials, very little 
elastic strain energy can be stored 
throughout the volume of the specimen 
before the stress in the localized region 
below the notch has increased sufficiently 
to result in fracture. 
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Fibrous Fillers: 
The incorporation of fibrous fillers 
in brittle resins has the desirable effect 
of reducing the notch sensitivity. As 
shown in Fig. 4, the energy required to 
initiate a crack at the base of the notch 
is considerably greater for fibrous filled 
materials than for non-fibrous fillers, or 
for unfilled resins. This effect is again 
illustrated in terms of the load in flexure 
required to initiate a crack at the base 
of the notch, by comparing the loads at 


failure as given by Fig. 2 (nonfibrous 
Shaded Portion= 
Notched Specimen 
525} | 150 
rR © ] 
EN&@NS 0 0.1 0.2 0.3 0.4 
0.5 8 Deflection, in. 
S Fic. 5.—Flexural Load-Deflection Curves for 
Notched and Unnotched Specimens of a Fabric 


Fic. 4—Comparison of the Energy to Frac- 
ture a Notched Specimen (Shaded Portion) with 
that Required to Fracture an Unnotched Speci- 
men (Total Height). 


The authors have evidence that the 
variation of energy-to-fracture with the 
dimensions of notch specimens may be 
described by an equation of the same 
form as Eq. 6 but with different con- 
stants (see Fig. 3). However, it is 
unlikely that such an equation would 
remain valid as dimensions are varied 
over a relatively wide range. 


* Tentative Methods of Test for Impact Resistance of 
Plastics and Electrical Insulating Materials (D 256 - 43 
fy ry Supplement to Book of A.S.T.M. Standards, Part 

» p. 249. 


Filled Phenolic Molding Material. 


fillers) and Fig. 5 (fibrous fillers). Fig- 
ure 5 also shows how, after the crack 
has been initiated, the load does not 
fall to zero as in the case of nonfibrous 
fillers, but falls off more or less gradually, 
as the broken ends are torn apart. 
Judging from these effects, the fibers 
have the ability to distribute the stress 
at the base of the notch over a greater 
volume, thereby reducing its peak value. 
Thus, a greater load is required to pro- 
duce a crack. After the crack is pro- 
duced, the fibers apparently block the 
propagation of the crack by allowing a 
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fibers above the advancing edge of the 
crack. Thus the load continues to rise 
(in the notched flexural test) after a 


IMPACT STRENGTH OF A CELLULOSE ACETATE 
_ AND A PHENOLIC MATERIAL. 


TABLE III.—EFFECT OF DIFFERENT NOTCHING 
APPARATUS AND TECHNIQUE ON THE IZOD 


Compression 

Com ny Sheeted Cellulose Molded Wood 

N tched by Acetate, ft-lb. Flour Filled 

- per in. of notch Phenolic, ft-lb. 
: per in. of notch 
1.28 + 0.30 0.271 + 0.009 

B.. 1.30 + 0.19 0.259 + 0.012 
cneenne 1.35 + 0.13 0.268 + 0.012 
eee 1.44 + 0.23 0.263 + 0.018 

E.. 1.64 + 0.09 0.262 + 0.008 
RRR 1.69 + 0.12 0.266 + 0.013 
icaxaernie 1.68 + 0.27 0.270 + 0.012 

1.73 + 0.34 0.269 + 0.010 
eR 1.89 + 0.23 0.266 + 0.010 
1.92 + 0.12 0.276 + 0.011 

( ahboan 2.05 + 0.26 0.268 + 0.010 
2.11 + 0.09 0.265 + 0.010 
M... 2.24 + 0.15 0.287 + 0.022 


Note.—19 specimens were averaged for each value 


tions. 


. al given. The plus and minus limits are the average devia- 
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Notching Technique: 


When one considers the action of the 


notch in localizing, or concentrating 
stress, and in imposing a state of stress 
which inhibits plastic deformation, it is 
not surprising that the method or tech- 
nique used in notching is of importance. 
Table III illustrates the effect of different 
notching techniques on the A.S.T.M. 
Izod impact strength® of two materials, 
a molded wood-fiour filled phenolic, and 
a sheeted cellulose acetate plastic. 
Twelve plastics testing laboratories par- 
ticipated in the notching of these mate- 
rials, each notching 19 specimens of each 
material accordingto their usual methods 
and techniques of producing a “stand- 
ard” notch. Considerable variation in 
notch radius and angle, and in general 


Cutter No. 2~ 
3400 rpm. 


Cutter No./ 
3400 rpm.. 
N 
6 


nN 


Charpy Impact Strength, ft-Ib. per in. 


All Samples Preconditioned fff 
of 25C. and 50 Yo 


4 -60 -40 -20 


Temperature, deg. Cent. 
_@ Fic. 6.—Charpy Impact Strength of Cellulose Acetate Versus Temperature, Including the Effect of 


0 20 


Using Different Notching Cutters. 


crack has been initiated, and the load 
decreases in a series of sudden breaks 
as the crack is propagated across the 
fibrous filled specimen. In contrast to 
this, the inception of the first crack 
results in complete failure for materials 
without fibrous fillers. 


appearance of the notch resulted. The 
large differences obtained for the cellu- 
lose acetate may be associated with the 
fact that the latter is normally a ductile 
material, but notched specimens are 
apparently in a ductile-to-brittle transi- 
tion region at approximately room 
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On Impact OF PLASTICs 


temperature (see Fig. 6). Besides using 


a cutter with the specified angle and 
radius (45 deg. and 0.010 in.), it appears 
to be very important that the cutting 
edge is sharp and free from nicks or 
irregularities of any kind. The sharp- 
ness of the cutting edge is especially 
important in the notching of ductile 
plastics, such as cellulose acetate, where 
a dull or blunt edge produces strain 
hardening of the material around the 
base of the notch. Thus its critical 
shearing stress, or yield point, is raised 
and it behaves somewhat as would a 


in some instances of less than one-third 
of the value obtained in standard tests 
which are run at a stressing rate of 
approximately 2000 psi. per min. 
Figure 7 gives the relationship between 
tensile strength and rate of stressing in 
jension. The two points located be- 
tween stress rates of 10-* and 107? psi. 
per min. were estimated roughly from 
long-time tensile strength measurements. 
The point corresponding to a stressing 
rate of nearly 10° psi. per min. was 
calculated from the measured value of 
the energy absorbed in breaking an 


12000 —— 


| | 
.< 10000 | 4 
Wood flour Phenolic 
| -Cellulose | 
© 6000 |—Woodflour Phenolic _Nitrate\ 
(Resinox 4216) +~ (0/40" Thick) 
4000 Cellulose Acetate 
2000 Viny! Butyral (ASTM Type 2, Grade 4, Unfill 
(ASTM Type 2, Grade 4, Butyral 
10 10? 10% 10% 10% 10° 107 


brittle surface layer, allowing a crack 
to start more readily, 


Rate of Stressing: 


In our opinion there exists a definite 
need for more data on the effect of rate 
of stressing. The limited amount of 
data which are available at present 
indicates that all plastics are essentially 
visco-elastic materials and as such are 
more or less sensitive to changes in the 
rate of stressing. On the low rate end 
of the scale, data on long-time tensile 
Strength and on creep under constant 
load indicate that extremely low rates of 
stressing may result in tensile strengths 


Fic. 7—Effect of Stressing Rate on the Tensile Strength of Various Plastics. 


Rate of Stressing in Tension, psi. per min. Je 


unnotched Charpy impact specimen by 
using the equation given above. The 
value calculated was actually maximum 
fiber stress in flexure, but because data 
for specimens with machined surfaces 
were used, the maximum fiber stress 
was very nearly the same as the tensile 
strength.’ 

All points lying in the 10% to 10® psi. 
per min. range, except those for the vinyl 
butyrals, were obtained on a Tinius 
Olsen Universal testing machine, 10,000 


7 Experimentally, the maximum fiber stress for ma- 
chined surfaces and for tensile strength are approximately 
the same for normal rates of stressing, and there is no 
obvious reason why they should not also be for high speeds. 
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Ib. range, by testing at the various 
fixed speeds available. The two upper 
points, for Resinox 5293, a woodflour 
filler phenolic, have larger limits of 
uncertainty than do the remaining 
points. 

The parallelisms of the lines repres 
senting three distinctly different plastic 
materials—wood filled phenolic, poly- 


Intuitively, one would expect the 
slopes of these curves to “level off” or 
approach zero both for extremely low 
and extremely high speeds. Indeed, the 
data for the polyvinyl butyrals indicate 
that they would have zero tensile 
strength for stressing rates somewhere 
between 10 and 10‘ psi. per min., unless 
the curves decrease in slope at lower 


Striking Velocity, ft. per sec. 
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Phenolic Molding Material. 


styrene, and the cellulose plastics—is 
surprising. Each of these lines may be 
expressed by an equation of the form: 


Omax. = Ky log (5) + a...(7) 


where 
Omax. = the tensile strength, 1 
d 
 & the rate of stressing, 
dt 


a constant, characteristic of 

. the material, and 

: Ky = the slope—approximately the 
: same for all of these ma- 

terials. 

The experimental points for the poly- 

vinyl butyral plastics indicate that 

their tensile strength is much more 

sensitive to changes in speed than is that 

of the other plastics’ investigated. 


ic. 8.—Effect of Striking Velocity on the Izod Impact Strength of a Fabric Filled — , 


‘ates. Further experimental work along 
his line will-be very interesting. 

Figure 8 shows the notched Izod 
impact strength of a fabric-filled phenolic 
plotted against impact speed on semi- 
log coordinates. The speed of the 
striking piece just before contacting the 
specimen is plotted in each case. The 
low-speed point was obtained by using 
the A.S.T.M. test method® and a stand- 
ard pendulum impact machine. The 
remaining points were obtained with a 
compressed-air gun which fired a blunt 
nosed projectile at a standard notched 
Izod specimen. A ballistic pendulum 
was used for measuring projectile speeds 
and energy absorption. Because of the 
relatively high scatter of the high veloc- 
ity points, it is difficult to draw con- 
clusions as to any definite relationship 
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between impact strength and speed, 
except that increased speed results in 
increased impact strength up to veloc- 
ities as high as 60 ft. per sec. Assuming 
that the relationship is of the form of 
Eq. 7, it is seen that the K, value (or 
slope) must be considerably greater in 
this case. The presence of the notch 
probably results in greater sensitivity 
to changes in speed, and may thus be 
responsible for the greater slope. 


Temperature: 


Considerable data on the dependence 
of the impact strength on temperature 
have already appeared (17, 18, 19, 20, 
21, 29). 
of the more brittle thermosetting mate- 
rials varies only slightly over a consid- 
erable range of temperatures. The ther- 
mosetting resins containing fibrous fillers 
tend to increase in impact strength up 
to a critical temperature (usually from 
150 to 200 C.) after which they drop off 
rapidly. 

The effect of heat aging is of impor- 
tance for many plastics. After being 
subjected to a temperature as low as 
135 C. for a period of several hundred 
hours, the impact strength of most of the 
organic filled thermosetting plastics be- 
gins to drop considerably. Inorganic 
fillers show no appreciable breakdown 
for temperatures below about 200 C. 
For specific information on the effects 
of continued heating on impact strength 
of phenolic materials, the reader is 
referred to an earlier paper (23). 

Most of the thermoplastics exhibit a 
wide variation in impact strength as the 
temperature is varied. Most reach a 
brittle range if the temperature is lowered 
considerably. Figure 8 illustrates the 
variation in impact strength of cellulose 
acetate sheet plastic with temperature 
under three different conditions of notch- 
ing. Ductile-to-brittle transitions sim- 
ilar to these are observed for metals. 


In general, the impact strength - 
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It is interesting to note that cutters 
Nos. 1 and 2 result in the same transition 
temperatures, although cutter No. 1 
results in a lower impact strength in the 
ductile region. On the other hand, 
cutter No. 3, with a slower cutting speed, 
shifts the transition temperature 15 or 
20 C. higher, and also produces a much 
lower impact strength in the ductile 
region. Even in the brittle region, this 
cutter results in a lower impact strength. 
Such behavior would be expected if this 
cutter produces a smaller radius at the 
bottom of the notch, or if it results in a 
rough or ragged notch. Actually, the 


latter was the case. 


24, 
SUMMARY AND CONCLUSIONS 

To sum up, certain well-recognized 
facts concerning impact strength have 
been reviewed. These may be listed as 
follows: 

1. The energy to fracture depends on 
both the force and the deformation 
produced, and for brittle materials is 


PS 
approximately equal to W = (Eq. 2). 


2. The deformation may or may not 
be ductile, depending on the material, 
and on the conditions of temperature, 
speed, and the state of stress. 

3. If the failure is brittle, the energy 
absorbed may be correlated directly 
with the dimensions of the specimen, 
the elastic modulus, and the maximum 
tensile stress which the material is 
capable of supporting. 

In addition to this, experimental 
results involving the effects of specimen 
dimensions, notching, temperature, and 
speed are presented. Evidence is given 
that for many plastics the tensile 
strength is a linear function of the 
logarithm of the stressing rate over a 
relatively wide range of the latter. 

Hazen (24) has pointed out some of the 
consequences of Eq. 2. He regards 
“toughness” as measured by the area 
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under the load-deflection curve in flexure 
as being amore reliable indication of 
impact resistance than the rating as 
given by the standard Izod or Charpy 
impact test, and gives considerable 
experimental evidence in support of this 
view. Our experience has been in agree- 
ment with Hazen’s. As a matter of 
fact, if our knowledge of the effect of 
speed were more complete, it might 
appear that there exists very little need 
for a conventional impact test in the 
field of plastics. A knowledge of the 
effect of speed and temperature on the 
tensile strength and modulus of elasticity 
of brittle materials should allow us to 
predict their toughness under a wide 
range of conditions. 

When ductility is involved, however, 
there exists a need for a test or series of 
tests which will enable one to estimate 
whether or not plastic deformation will 
take place under a given set of conditions. 
One approach to this problem would be 
that of determining (a) the so-called 
technical cohesive strength (26, 27, 28), 
and (b) the yield value of the shear 
stress under a variety of conditions. 
Another approach, suggested by Seeley 
(25) and again by deForest (9) is that of 
setting up a series of standard specimens 
which cover a range of omax./Tmax. 
values, and locating the position of the 
ductile-to-brittle transition under a va- 
riety of conditions with respect to this 
series of specimens. 


Mats., Vol. 43, p. 1211 (1943). 


(2) George Lubin, “Preliminary Studies on a 


Drop Ball Impact Machine,” ASTM But- 
LETIN, No. 128, May, 1944, p. 13. 


(3) R. Burns, Single-blow impact, and impact 
fatigue as measured by a ball-bearing drop- 


weight method. (Private Communication, 
1942.) 
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Mr. W. N. FiInviey:! ‘The authors 
have added considerably to our knowl- 
edge of impact testing technique and it 
is to be hoped that they will continue 
this valuable series of articles. 

Referring to the relation between 
Izod impact strength and striking veloc- 
ity, Fig. 8, the authors state “Intui- 
tively, one would expect the slopes of 
these curves to ‘level off,’ or approach 
zero both for extremely low and ex- 
tremely high speeds..... Further ex- 
perimental work along this line will be 
very interesting.” 
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(b) 
Fic. 1.—Impact Specimens. 


I believe one might find that the same 
data when plotted on double logarithmic 
paper, instead of semi-logarithmic, as 
used by the authors, would still fit 
straight lines rather well and would 
correspond to an equation entirely 
different from that which the authors 
have used to represent those data and 
yet would yield a more rational physical 
interpretation at the two extremes. 
The equation would then be a power 
function instead of a logarithmic func- 
tion. 


! Assistant Professor of Theoretical and Applied Me- 
chanics, College of Engineering, University of Illinois, 
Urbana, III. 
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With regard to methods of impact 
testing, there are two types of impact 
specimens which, so far as I know, have 
not been tried with plastics which 
might eliminate some of the difficulties 
mentioned by the authors. 

One of these specimens, shown in the 
accompanying Fig. 1(a), has been used 
in a slightly different form by the writer 
for repeated impact tests.? Instead of a 
sharp notch, this specimen has a “‘notch” 
with a large radius which can be cut to 
accurate dimensions more easily than 
the standard notch. Also the sharpness 
of the cutter can be controlled more 
easily for the large radius (using a fly- 
cutter) than the form cutter used for the 
sharp notch. 

The other specimen, Fig. 1(6), was 
investigated in Sweden.’ This investi- 
gator found his test bar when used as a 
Charpy specimen gave better differentia- 
tion between different metals than the 
regular notched Charpy bar. There was 
also less scatter than with the Charpy 
bar. 

Another advantage of the hole-speci- 
men, Fig. 1(b), is that a molded surface 
can be used at the critical section without 
the difficulty of molding an accurate 
notch. 

A possible source of error in the 
notched Izod bar lies in the fact that the 
specimen is gripped at the notch so that 
unknown stresses may be set up in the 
notch due to the clamping pressure. 

2W.N. Findley and O. E. Hintz, Jr., ‘“The Relation 
Between Results of Repeated Blow Impact Tests and of 
Fatigue Tests,” Proceedings, Am. Soc. Testing Mats., Vol 
43, p. 1226 (1943). 

4 Axel Wahlsteen, ‘‘Investigations of a New Test Bar 


Form for Impact Tests,’’ Report of the Steel and Iron 
Institute (Jernkontor) on Technical Research Work. 


0) 
tc 
th 
th 
ar 
Wi 
te: 
th: 
co 
‘ 


me 


n 
SS 
re 
y- 
he 


as 
ti- 
sa 
ja- 
the 
vas 


rpy 


eci- 
face 
out 
rate 


the 
the 
that 
. the 
sure. 
elation 


and 
s., Vol. 


est Bar 
nd Iron 
rk. 


This source of error could be eliminated 
by clamping the specimen lower down— 
say } in. below the notch. 

Mr. C. R. Stocx.*—I should like to 
point out, for the benefit of those who 
are not as well acquainted with the 
situation as are those who are on Sub- 
committee VIII of Committee D-20 
on Plastics that there are two dis- 
tinct phases to the problem of impact 
testing and these phases have been the 
main topics of discussion of the sub- 
committee until recently. 

The problem of the interior stresses 
in the specimen is certainly one that 
has been covered at present extremely 
well and is one that is very necessary 
for an analysis of the impact strength 
of plastics as well as of other materials. 

However, another problem which 
comes up in this work is that of the 
mechanism for producing impact. This 
has been gone over very thoroughly in 
the past several years, both here and in 
England, but the fact still remains that 
most of the impact testing is done by a 
method of difference; that is, the impact 
strength of a material, by one means or 
another, is estimated as the difference in 
energy in a machine before and after 
the impact takes place. 

This is a perfectly feasible méthod of 
evaluating impact strength, but it leads 
one into difficulties that are rather hard 
to surmount. I am acquainted with 
these factors personally as a result of 
committee association with the work of 
Messrs. Nason and Telfair. 

All of the methods for testing plastics 
that are encountered now, whether they 
are known outside this committee or 
within it, make use of the method of 
testing by difference. It seems to me 
that it would be a good direction for the 
committee to take to look into the 


‘Physicist, Physics Div., Stamford Laboratories, 
American Cyanamid Co., Stamford, Conn. 


é 
q = DiscussION ON IMPACT TESTING OF PLASTICS _ 7 1007 


possibility of direct measurement, mak- 
ing use of the relationship brought out 
by the authors—the relationship of the 
area under the stress-strain curve to the 
energy absorbed in breaking the speci- 
men. 

It seems plausible that the mechanism 
for making the break could be so ar- 
ranged that a direct measurement of the 
energy expended in the specimen could 
be made, rather than estimating the 
energy lost in the specimen not only to 
initiate the fracture but also to propagate 
it, to take care of shear and also the 
kinetic errors that can be partially and 
sometimes entirely removed by measure- 
ment of the velocity of the broken end 
of the specimen after it is broken off. 

I should like to bring this possibility 
to the attention of this group because 
some constructive ideas may be obtained. 
I have a few but I would rather work 
them out privately, to eliminate the 
stupid ones where only I will be em- 
barrassed. 

Mr. E. L. Hetrincer.2—I wonder 
whether any thought has been given to 
the application of these fracturing tests 
to plastics used in head and eye pro- 
tective devices. Tests for plastics used 
for this purpose should be given serious 
consideration. 

Messrs. Davin TELFAIR’ AND How- 
ARD K. Nason® (authors’ closure, by 
letter).—Mr. Findley’s discussion of some 
of the alternatives to the present stand- 
ard notch is very much to the point. 
A larger radius at the base of the notch 
would undoubtedly be an improvement, 
but the hole-specimen, Fig. 1(6), would 
appear to be the most promising. 

As Mr. Stock has pointed out, an 
ideal impact test would be one which 


5 Optical Research Dept., Willson Products, Inc., 
Reading, Pa. : 

6 In Charge of Physical Testing and Assistant Direc- 
tor of Research, “ae Plastics Division, Mon- 
santo Chemical Co., Springfield, Mass. 
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On a research basis, however, such 
energy measurements could be made 
in the form of high speed load-deflection, 
or load-extension curves, and would 
undoubtedly yield valuable information. 


measured directly the energy absorbed 
by the specimen while it is under load. 
We know of no method of accomplishing 
this which would lend itself to routine 
control testing by an unskilled operator. 
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FLOW OF THERMOSETTING PLASTICS AT ELEVATED TEMPERATURES 


By J. DeELMONTE! AND E. WarkINs! 


The forming and drawing of fully 
cured, thermosetting laminated phen- 
olic sheets has attained considerable 
importance in recent months (1, 2).? 
In this process, commercial sheets of 
grade C laminated phenolic plastic are 
subjected to high temperatures for a few 
minutes, and are then placed in forming 
jigs and shaped much like thermoplastic 
sheet stock. Numerous aircraft parts 
and equipment are now being fabricated 
from the formed material, and the 
technique gives every promise of ex- 
tending widely the field of laminated 
phenolics. Because fully cured stocks 
have been formed, the question has 
arisen as to the exact definition of a 
thermosetting material, which pre- 
sumably is infusible and insoluble. Ap- 
parently it possesses some thermoplastic 
qualities at elevated temperatures. 

In the current investigation, a method 
was sought for evaluating the fhermo- 
plastic properties of fully cured thermo- 
setting laminates at elevated tempera- 
tures (above 300 F.), inasmuch as no 
data of this nature have been reported 
in the literature. By this technique it 
is hoped that means will be made avail- 
able for evaluating various grades of 
thermosetting laminates with respect to 
their formability at high temperatures. 
Canvas-base laminated phenolics have 
been chosen both because they have 
higher impact strength than the paper 
grades and because they blister less at 


Industries Technical Institute, Los Angeles, 
ali 

* The boldface numbers in parentheses refer to the re- 
ports and papers appearing in the list of references ap- 
pended to this paper, see p. 1015 
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elevated temperatures and atmospheric 
pressure. 

The fact that properties such as creep 
rates may increase tenfold in going from 
75 to 200 F. (3) and that flexural 
strength, tensile strength, compressive 
strength, etc., decrease at elevated tem- 
peratures (4) is indicative of the “soften- 
ing” of thermosetting materials. In 
fact, a loss of approximately 30 per cent 
flexural strength in going from room 
temperature to 300 F. has been reported 
(4). However, asa group, thermosetting 
materials are less sensitive to tempera- 
ture changes than are thermoplastics. 


Test Method: 


The test method employed in this ex- 
amination was a modified form of the 
A.S.T.M. Tentative Method of Test 
for Distortion Under Heat of Molded 
Electrical Insulating Materials (D 648- 
41T).* The recorder and follower rod 
which records the deflection at the 
center of the test specimen can be seen 
in the apparatus shown in Fig. 1. In- 
stead of heating the plastic material at 
a slow controlled rate as required for the 
A.S.T.M. heat distortion point determina- 
tion, an oil bath already heated to a 
predetermined temperature was em- 
ployed. Several variables of applying 
load and temperatures were explored, 
including the times of immersion in the 
hot oil before applying load. However, 
in the method finally adopted, the test 
specimen was loaded for about 10 sec. in 
the open and then covered with hot oil. 
The calculated load was applied for 


21942 Book of A.S.T.M. Standards, Part III, p. 1066. 
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10 sec. after introducing the oil. The 
deformation at the center of the speci- 
men was recorded automatically as a 
function of time. This exact procedure 
was followed throughout all tests, since 
preliminary tests showed that accuracy 
would be affected if these precautions 
were not taken. For example, if the 
test specimen is immersed in the hot oil 


too long before the load is applied, 
further cure of the material may inter- 
fere with its high-temperature flow 
properties. It was realized of course, 
that the high temperature would bring 
about further polymerization, though 
the test was designed to demonstrate 
the immediate softening or plasticizing 
effect of high temperatures on thermo- 
setting compounds. 

The tests were conducted upon speci- 
mens measuring approximately 5 in 


DELMONTE AND WATKINS 


long by } in. wide, 3 and } in. thick. 
They were mounted upon the standard 
4-in. span for flexural and heat distortion 
tests. Constant loads were applied by 
means of a rod and member with } in. 
diameter at the end. This load was 
maintained in position throughout the 
entire test. The rod and chain recording 
system employed in A.S.T.M. Method of 


Fic. 1.—Testing Apparatus. 


Test for Measuring Flow Temperatures of 
thermoplastic Molding Materials (D 569 
- 43)4 were adapted to the requirements 
of this test. In calculating weights to be 
added to the center of the span, the 
weight of the follower rod was taken into 
consideration. The maximum deforma- 
tion capable of being measured by this 
test arrangement was 13 in. ‘Tem- 


41943§Supplement to Book of A.S.T.M. Standard 
Part III, p. 104. 
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peratures were held within + 5 F. and 
recorded on individual curves showing 
deformation versus time under stress. 
An electrical immersion heater placed 
in the container (see Fig. 1) maintained 
the oil at a constant temperature during 
test. While temperatures in excess of 
400 F. are commonly employed in form- 
ing and drawing thermosetting laminates, 
the maximum temperature investigated 
was 400 F., because above this range 
blisters may form and interfere with 
accuracy of the deflection readings. 

In effect, this test method is a measure 
of flexural deformation of thermosetting 
materials at temperatures of 300 to 400 
F. at maximum fiber stresses of 500 to 
1000 psi. 
formation rates was quite noticable for 
some of the materials tested when 
making comparisons between data for 
300 and 400 F. In general, it may be 
considered that a fast deformation rate 
under constant stress is indicative of 
good formability. Tests were con- 
ducted to determine the instantaneous 
elastic deformation of thoroughly heated 
thermosetting laminates. At 375 F., 
this deformation proved to be approx- 
imately 40 per cent of total deformation 
after 2 min. > 


Materials Tested: Y 


Inasmuch as this particular test 
method was designed for the evaluation 
of formability of thermosetting laminates 
at elevated temperature, the tests were 
confined to thermosetting laminates. 
Dry and 50 per cent relative humidity 
preconditioning was applied to a selected 
group of laminates with no observable 
effect on the results. Various variables 
within the laminates themselves were 
explored including: (1) effect of curing 
time, (2) effect of specimen size, and 
(3) influence of cloth reinforcement. 
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In addition, several commercial grades of 
heat-forming, thermosetting laminates 
were selected and compared under stand- 
ard test conditions established by this 
paper. Samples included ‘“Micarta” 
grade 444, and “Formica” CN-11 lam- 
inated phenolic. In addition, the forma- 
bility of cured molded phenolics was 
demonstrated by testing a wood-flour 
filled molded phenolic. 


When the load is applied at the center 
of a beam, the maximum fiber stress is 
calculated from the well-known formula 
for rectangular beams: 


rer 
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Stress = 


where: 

P = load in lb. 

1 = span length in in. 

b = width in inches 
d = thickness in inches. * 


Loads were calculated to develop fiber 
stresses up to 1000 psi. for the various 
beams tested. For effective, compara- 


tive results, stresses at 500 psi. 
and 1000 psi. proved adequate 
for the } in. thick beam. These 


stress values are appreciably greater than 
the 266 psi. upon 3 in. by # in. by 
5 in. beams recommended in Method 
D 648 for the heat distortion test. 
Lower stress values of 100 and 200 psi. 
were examined in plotting the deforma- 
tion of some 4-in. thick beams, within 
the temperature range employed. These 
lower stress values did not cause large 
enough deformations to afford ready 
comparison of results. Rather than 
resort to higher temperatures for com- 
parison, higher stress values were em- 
ployed because they provided smooth 
comparative curves. 
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Figures 2 to 6, inclusive, show typical 
results obtained in recording the de- 
formation at the center of a 4-in. span for 
laminated phenolics loaded under max- 
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The influence of curing time of lam- 
inated phenolics upon the high-temper- 
ature flow is quite marked, as shown in 
Fig. 4. Apparently slight undercure in 
the laminate will facilitate forming. 


ro) 


Deformation, in. 
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Fic. 2.—Standard }-in. Grade C Laminated Phenolic. 
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4 Fig. 3.—Standard 4-in. Grade C Laminated Phenolic. 


imum fiber stresses of 500 and 1000 psi. 
Each curve is the average of two or 
three runs. The grade C laminate 
shown in Fig. 3 was fully cured in the 
press prior to test. Its deformation rate 
increased almost seven-fold between 
300 and 400 F. 


This practice has, in fact, been put into 
effect in commercial forming grade 
laminates. Also noteworthy is the sim- 
ilar behavior of a 30 min. and 120 min. 
cured specimen, indicating that even 
excessive overcure will not effect the hot 
formability of the materials. 
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Beach (2) has already pointed out 
that good formability of thermosetting 
laminates is secured when the cloth is 
cut on the bias, and this is verified in 
Fig. 5 where a large difference exists 
_ between the bias cut and the straight 


On FLOW oF THERMOSETTING PLASTICS 


1013 


Figure 7 illustrates some completed 
formed thermosetting laminates. 

It is hoped that the methods discussed . 
in this paper will be found useful for 
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4.—Influence of Curing Time of Laminated Phenolics Upon the High-Temperature 
Flow Characteristics. 


weave samples. The good flow char- 
acteristics of molded phenolic plastics 
demonstrated in Fig. 6 indicate a per- 
formance comparable with the phenolic 
resins in the laminated pieces. 


Time, sec. 


Fic. 5.—Influence of Cloth Weave. 
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evaluating the high temperature flow 
properties of thermosetting laminates. 
The most favorable conditions for afford- 
ing comparisons between thermosetting 
laminates appear to be an oil bath tem- 
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Fic. 7-—Some Completed Formed Thermosetting Laminates. : 
2 


perature of 400 F., a stress of 1000 psi., 
and a material thickness of 3 i 
Time to reach $-in. deformation is 
reported in Table I. 

The fast sweep upwards of the de- 
formation curve appears to be a criterion 
of good formability or fast rate of creep. 
Of course, the materials hold their shape 
after being cooled down to room tem- 
perature, though they are subjected to 
reforming on reheating to an elevated 


Material Tested 


temperature. The test data conclusively 
demonstrate the thermoplastic properties 
of phenolic plastics at high temperatures. 


TABLE I 


Time to 
Reach % in. 
Deformation 
at 400 F. and 


Thick- 
ness, in. 


Grade C—Laminated Phenolic. 
Formica CN-11 
Micarta 444 
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Mr. HENRY GRINSFELDER.'—Two 
questions came to my mind with respect 
to this paper. 

First, it is always disturbing, as the 
representative of a resin manufacturer, 
to hear the term “fully cured” used 
quite generally without a good definition 
of it, and I should like to ask the author 
for his definition of a fully-cured resin. 

Second, I should like to ask if in the 
second heating process there is not some 
weakening of the material due to the 
extra heat, either in tensile strength or 
some other strength property. 

Mr. DeELMONTE? (author's 
closure, by letter)—In reply to Mr. 
Grinsfelder’s questions, I am happy to 
note that he too, questions the inter- 
pretation of a “fully-cured” laminate. 
Before the thermoplastic properties of 
phenolic laminates at high temperatures 
were manifested in such techniques as 
“post-forming,” it was the practice to 
recognize a “fully-cured” phenolic lami- 
nate by the attainment of a peak in 


1 Senior Engineer, The Resinous Products & Chemical 
Co., Philadelphia, Pa. : 

2Technical Director, Plastics Industries Technical 
Institute, Los Angeles, Calif. 
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physical properties after a suitable cure 
period. This recognition is justified 
when such measurements are performed 
at room temperatures, and when the 
materials are to operate in proximity to 
such temperatures. High-temperature 
forming invites new definitions of ther- 
mosetting materials and the methods in 
this paper suggest a basis for evaluating 
thermosetting materials at high tem- 
perature. Inasmuch as we have not 
encountered a thermosetting material 
which will not exhibit deformation under 
sustained stress at high temperatures, 
we may find it expedient to classify 
thermosetting materials according to 
the degree with which they respond to 
loads at high temperatures. 

Prolonged heating above 300 F. is well 
known to be detrimental to phenolic 
resins. However, in the 1 or 2 min. ex- 
posure to the high temperatures required 
for “post-forming” there is also a bene- 
ficial action on forming and stretching 
the cloth laminate, due to better orienta- 
tion of textile fibers. Within this short 
time interval, the over-all effect noted 
has been an improvement in physical 
properties. 
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» CHARACTERISTICS OF THE TUCKERMAN STRAIN GAGE 
By Bruce L. Witson! | 
- 
SYNOPSIS 
r vi By means of an interferometric calibration device used at the National 
4 Bureau of Standards for calibrating gages and autocollimators, experi- 
" mental results are secured which indicate the variations of the calibration 
ig factor with different conditions of use. The results indicate that (1) the 
n- change in autocollimator reading is accurately proportional to the change in 
ot length of the gage length of the strain gage, (2) the calibration factor is not 
al greatly influenced by the material of the specimen provided the gage is properly 
er attached, (3) the calibration factor is practically independent of the position 
S, of the gage in space, and (4) the calibration factor is almost independent of the 
fy temperature within the range 70 to 100 F. Provided the gage is properly 
i attached, the change in calibration factor due to position of the gage and 
n variations in material of the specimen does not exceed 0.1 per cent. Varia- 
tions in mounting force from 1 oz. to 20 lb. reduced the calibration factor by 
as much as 0.9 per cent for celluloid and by less than 0.3 per cent for duralu- 
ell min. By standardizing the mounting force during calibration and use, errors 
lic due to variations in mounting force can be eliminated. Results indicate that 
ex- for nonvibrating specimens it is desirable to attach the gages by means of low 
‘ed spring-constant springs deflected to push the lozenge against the specimen 
ne- with a force not exceeding 1 lb. 
ing 
ta- 
ont Because of the sensitivity, the small to the weights of the gages. They are 
ted size, and the light weight of the Tucker- actually used in many different posi- 
- man strain gage, it is well adapted to tions, with different mounting forces 
measuring deformations of specimens and on materials of widely varying 
and structures over short gage lengths. mechanical properties. Since it has 
It is now being applied in the laboratories | been shown by Vose? that the conditions 
: of the National Bureau of Standards and of use may alter the calibration factors 
elsewhere to a large variety of problems, of Huggenberger tensometers by as much 
many of which involve the testing of as 5 per cent, the question naturally 
specimens or structures made of thin arises as to the magnitude of the varia- 
sheet materials. It is customary tocali- tion of the calibration factor of a Tucker- 
brate the gages with their lozenge axes man strain gage under various conditions 


and gage axes horizontal and with the 
gages held in place during calibration 
with a force of a few ounces in addition 


_ | Associate Physicist, National Bureau of Standards, 
Washington. 1». C. 
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of use. 
To determine the variation of the 
calibration factors of a typical gage of 


2R. W. Vose, “Characteristics of the Huggenberger 
Tensometer,”’ Proceedings, Am. Soc. Testing Mats., Vol. 
34, Part II, p. 862 (1934). 
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current design when subjected to widely and on a variety of materials having 
different conditions of use, the gage was Vickers numbers from about 10 to 800. 


Fic. 1.—Tuckerman Strain Gages, Gage Length 1 in., Lozenge Diagonal 0.2 in., with Knife-edges 
for Use on All Shapes of Specimens. 


Fic. 2.—Tuckerman Autocollimator for Use with Optical Strain Gages. q 


calibrated by means of an interferome- DESCRIPTION OF AUTOCOLLIMATOR AND 
tric calibration device for five different STRAIN GAGE 

positions, at two different temperatures, Two 1-in. gage length Tuckerman 
for mounting forces varying from the strain gages having 0.2-in. lozenges, and 
weight of the gage (about 1 0z.) to 20lb.,_ the four different types of knife-edges 
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required to adapt the gage to various- 
shaped specimens, are shown in Fig. 1. 
Two autocollimators, one disassembled 
to show the Ramsden eyepiece and lamp 
assembly and the objective lens cell, are 
shown in Fig. 2. 

When the device is in use, the gage is 
attached to the specimen or structure, 
and the autocollimator is separately sup- 
ported or held inthe hand. A 1-in. gage 
weighs about 1 oz., the autocollimator 
weighs about 2 lb. The gages are about 
11 in. wide, project about 1 in. above the 
surfaces to which they are attached, and 
are only slightly longer than their gage 
lengths. 

A complete description of the Tucker- 
man autocollimator and the combina- 
tion double and triple mirror system used 
in the strain gage has been given by 
Tuckerman. Many improvements in 
the details of the design of the autocolli- 
mator and gages have been made since 
1923, but the basic principles of the 
design have not been altered. For this 


reason only a brief description of the 


instruments is given here. 

A diagrammatic sketch of the autocol- 
limator and gage is shown in Fig. 3. The 
autocollimator consists of a highly cor- 
rected two-component objective lens 
having a focal length of about 250mm., a 
reticule having a uniformly graduated 
scale, a fiduciary line and vernier accu- 
rately positioned to lie in the focal plane 
of the objective lens, a lamp for illumi- 
nating the fiduciary line and vernier, and 
a Ramsden type eyepiece. Reticules, 
which are produced photographically on 
glass, are mounted in cells which bear 
against definitely positioned stops in the 
autocollimator tube so that they can be 
removed and replaced without changing 
the calibration of the instrument. Like- 
wise the objective lens is mounted in a 


*L. B. Tuckerman, Strain on 
someters,”” Proceedings, Am. Soc 
Part II, p. 602 (1923). 
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cell which bears against a stop in the 
tube and it may be removed for cleaning 
and replaced without changing the cali- 
bration of the instrument. 


Ramsden 


Eve Piece 
° 
Lomp 
Reticule 
= Objective 
lens 
| Roof 
-Roof Prism 
| 


—Knife Edge 


_Lozenge- 


Fic. 3.—Diagrammatic Sketch of the Tuckerman 
Autocollimator and Strain Gage. 


The gage consists of a steel or alumi- 
num body to which is attached a knife- 
edge and the parts of the mirror system, 
which consists of the lozenge and the roof 
prism. The movable mirror is one 
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surface of the lozenge, which rests in 
seats formed by hardened steel plates 
attached to the gage body, and rotates 
about an axis perpendicular to the axis 
of the gage. The two fixed, mutually 
perpendicular mirrors of the three- 
mirror system are the roofs of a prism 
mounted in a housing which can be 
rotated by means of a knurled ,nut to 
reset the gage. The prism rotates 
about an axis perpendicular to the plane 
which bisects the dihedral angle formed 
by the roof surfaces. As the specimen 
deforms, the lozenge rotates about an 
axis perpendicular to this plane. 

The roof prism contains a third re- 
flecting surface, known as the flash 
surface, which, together with the loz- 
enge, forms the two-mirror system. 
This surface is parallel to the line of inter- 
section of the two roof surfaces and 
perpendicular to the plane which bisects 
the dihedral angle formed by the roof 
surfaces. When the instrument is read, 
it is necessary to have the image re- 


> from the flash surface in the field 


of view, to avoid the introduction of a 
cosine error. 
Light from the fiduciary line and 
. vernier scale is rendered parallel in pass- 
ing through the objective lens of the 
q autocollimator and falls upon both the 
lozenge and the roof prism. Only the 
light which falls upon the roof prism is 
shown in Fig. 3. This light is reflected 
by the two roof surfaces of the prism and 
by the surface of the lozenge, back into 
the objective lens to form an image on 
the scale of the reticule. Deformation 
of the surface upon which the gage rests 
will result in a rotation of the lozenge and 
will move the image along the scale. 
: : The image shown in Fig. 3 is called the 
compression image. A tension image, 
‘ not shown in Fig. 3, is formed by the light 
which falls first upon the lozenge. ‘This 
image would not be visible through the 
eyepiece because it would lie as far to the 
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right of the fiduciary line as the compres- 
sion image shown lies to the left. 

As the lozenge is rotated to move the 
compression image toward the fiduciary 
line (toward 0 on the visible scale) both 
the visible compression image and the 
invisible tension image will approach the 
fiduciary line. If the rotation is con- 
tinued, the compression image will dis- 
appear from view after passing the 0 
scale line and the tension image will 
appear and move up the scale. Since 
the distance from the fiduciary line to 
the 0 scale line is equivalent to 5 num- 
bered divisions, neither image is visible 
for a rotation of the lozenge correspond- 
ing to 10 numbered divisions. If the 
incident and reflected light from the gage 
are parallel, the image of the fiduciary 
line lies on the line itself and is, there- 
fore, masked from the field of view. 

The scale of the reticule, which is 
about 3 in. in length, is graduated into 25 
numbered divisions, each of which is 
subdivided into 5 divisions, making a 
total of 125 divisions. Tenths of a 
division may be read from the vernier. 
By “splitting” a vernier division twenti- 
eths of a division may be estimated. 
Each numbered division corresponds to 
0.001 radians rotation of the lozenge. 
An image is obtainable from a gage 
provided the angle between the incident 
and reflected light lies within the range 
0.005 to 0.030 radians. 

For the gages shown in Fig. 1, having 
().2-in. lozenges, one numbered division 
corresponds to a deformation of 2 & 10 
in., and one vernier division corresponds 
toa deformation of 4 X 10-%in. During 
calibration the autocollimator is read to 
one-half vernier division, which corre- 
sponds to a deformation of 2 & 10~ in. 


THe CALIBRATION DEVICE 


The device used to calibrate Tucker- 
man strain gages at the National Bureau 
of Standards is shown in Fig. 4. 


It con- 
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sists of a rigid frame to which one fixture 
for supporting the strain gage is at- 
tached, and a movable piece, supported 
by two flexure plates, to which the other 
fixture for supporting the gage is at- 
tached. The movable fixture i is moved 


relative to the frame by means of a screw 
actuated by a worm gear. Provision is 
made for attaching plates of different 
materials to the fixed and movable 
fixtures to permit the calibration of gages 
on different materials. The pitch of the 


Screw and the reduction of the worm 
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Fic, 4. —Interferometric Calibration Device for Calibrating Tuc hovenne Strain Gages. 


gear are such that no difficulty is experi- 
enced in making adjustments to less than 
one-millionth of an inch. 

The change in length of the gage 
length of the instrument being cali- 
brated is measured by means of an inter- 


ference method originated by Fizeau‘ 
and described by Tuckerman.’ Light 
from a helium lamp is reflected from two 
interferometer plates attached to the 
frame and the movable piece of the cali- 


4L. Fizeau, Ann. Physik, Vol. 128, p. 564 (1866). 
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bration device, respectively. The inter- 
ference bands are viewed through a 
Pulfrich spectral system and the reading 
consists of counting the bands which pass 
the fiduciary mark (double cross hairs). 
One band corresponds to a displacement 
of the movable piece relative to the 
frame of one-half wave length of the line 
used, 0.00001156615 in. 

Over the usable range of the calibra- 
tion device, the distance between bands 
remains relatively constant and rotation 
of the bands with respect to the fiduciary 
mark is negligible. These are positive 
indications that the motion of the mov- 
able piece is practically a pure trans- 
lation. 

The calibration device is usually used 
in the position shown, with the surfaces 
to which the gages are attached hori- 
zontal. It may, however, be used satis- 
factorily in other positions to determine 
the calibration factors of gages in differ- 
ent positions. 

The gage shown on the calibration 
device is held in place by a weight of 1 lb. 
supported equally by the two side bars 
which project from the gage body. This 
method is used for the routine calibra- 
tion of gages. The calibration device 
functions satisfactorily with as much as 
20 lb. applied to the gage. Forces 
greater than 1 lb. are applied by means 
of a lever and weights. 


BEHAVIOR OF THE GAGE 
Linear Relationship: 


The calibration results for one com- 
plete run on a typical gage are given in 
Table I. The gage length of the gage 
was being shortened during the run. 
During the first five readings the tension 


- image was in view, between the fifth and 
sixth readings the tension image disap- 
peared from view and the compression 

- image appeared. During the last five 

% readings the compression image was in 
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view. In calculating the change in ob- 
served autocollimator reading, the 10.00 
divisions corresponding to a change in 
reading from 0.00 with the tension image 
to 0.00 with the compression image 
(twice the distance from the fiduciary 
line to the 0 scale line) were added to the 
results calculated from the readings of 
the compression image. The equation 
of the least squares line calculated from 
the results given in columns 1 and 3, 
assuming that only the autocollimator 
readings were subject to error, is given in 


TABLE I.—CALIBRATION DATA FOR A TYPICAL 
TUCKERMAN STRAIN GAGE. 
Gage length 1 in., lozenge diagonal 0.2 in. 


ren Change In Difference 
| Autoofinator | 
Number Reade | Calculated 
of Bands® Changes in 
divi. Autocollimator 
dena Ob- | Calcu- Readings, 
served | lated divisions 
_ 21.48 0 —0.011 0.011 
50... 18.58 2.90 2.897 0.003 
150. 12.78 8.70 8.712). —0.612 
250 6.96 14.52 14.528 —0.008 
1.12 20.36 20.343 0.017 
a 0.48 31.96 31.973 —0.013 
650 6.30 37.78 37.788 —0.008 
12.12 43.60 43.604 —0.004 
17.94 49.42 49.419) 0.001 
20.86 52.34 52.326] 0.014 


@QOne band equivalent to a change in length of 
0.09001156615 in. 

6 One division corresponds to 0.001 radians rotation of 
the lozenge, equivalent to strain of 0.0002 with a 0.2 in. 
lozenge over a 1-in. gage length. 

© Calculated changes in autocollimator reading com- 
puted from the least squares line: 

Autocollimator reading = = + 0.0581522 * no. of 
ands 


footnote c and the values calculated 
from this equation are given in column 4. 
The differences between the observed 
and calculated autocollimator readings, 
given in column 5, represent. the depar- 
ture of the readings from a truly linear 
relationship, The maximum difference 
is 0.017 divisions, which is less than one 
vernier division (0.02 division). 

It is customary to take several sets of 
readings such as those given in Table I 
in calibrating a gage. Readings are 
taken for both increasing and decreasing 
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gage lengths. For each run the calibra- 
tion factor of the gage and autocollimator 
is calculated by dividing the change in 
length corresponding to one band, 
().00001156615 in., by the product of the 
gage length and the slope of the least 
squares line. The results of six runs on 
the same gage are given in Table II. 
The maximum percentage deviation 
from the average factor is 0.08 per cent. 
The maximum difference between ob- 
served and calculated changes in auto- 
collimator readings is 0.024 division. 


rABLE I1.—REPRODUCIBILITY OF RESULTS FOR 
ATYPICAL TUCKERMAN STRAIN GAGE. 
Gage length 1 in., lozenge diagonal 0.2 in. 


Per- | Maximum 
cent- | Difference 
Devia- | age | Between 
Cali-} tion De- | Observed 
| Gage bra- From | via- | and Cal- 
Run Sanath tion | Average} tion | culated 
| 8 Fac- | Calibra- | From| Changes 
—— tor tion | Aver-| in Auto- 
; Factor | age |collimator 
Fac- | Readings, 
4 tor | divisions® 
No. 1.. | Lengthened |1.9884|—0.00025|—0.01] 0.012 
No. 2...| Shortened |1.9884/—0.00025}—0.01] 0.016 
No. 3 Lengthened {1.9889} 0.00025) 0.01] 0.017 
No. 4 Shortened {1.9902} 0.00155} 0.08} 0.024 
No. 5.. | Lengthened |1.9886;—0.00005} 0.00} 0.018 
No. 6...| Shortened 0.014 


Average calibration factor = 1.98865 


* Calculated changes in autocollimator readings com- 
puted from equations for least squares lines for each run. 
One vernier “division 1 is equal to 0.02 autocollimator divi- 
sions which is equivalent to a strain of 0.000004 in. per 
inch for a 0.2 in. lozenge over a 1-in. gage length. 


For five of the six runs the maximum 
difference between observed and calcu- 
lated readings is less than one vernier 
division (0.02 division). 

Experience in calibrating a large num- 
ber of gages indicates that the maximum 
departure of the readings from linearity 
when calibrated over this range seldom 
exceeds 0.025 divisions. When the cali- 
bration range is reduced to about 22 
autocollimator divisions (one scale 
length), the maximum departure from 
linearity seldom exceeds 0.015 divisions. 

The range of calibration eel in deter- 
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mining the effects on the calibration 
factor of variations in mounting force, 
material, position, and temperature was 
about 20 autocollimator divisions (350 
interference bands). For each run eight 
autocollimator readings were taken cor- 
responding to eight equally spaced set- 
tings of the calibration device. The 
calibration factor for each run was 
computed from the slope of the least 
squares line. 


Effect of Seating of the Lozenge: 


During the calibration of a Tuckerman 
strain gage the lozenge may be turned 
through an angle greater than the range 
of calibration in an effort to seat it with- 
out disturbing the alignment of the gage 
on the calibration device. In attaching 
the gage to a specimen or structure it is 
difficult to seat the lozenge by this 
method. To determine the variation 
in calibration factor with the seating of 
the lozenge, a gage having a gage length 
of 1 in. and a 0.2-in. lozenge was cali- 
brated on 9 different materials having 
Vickers numbers ranging from about 10 
to 800. The maximum difference be- 
tween the calibration factor for the 
initial rotation of the lozenge and the 
calibration factor for the twentieth rota- 
tion of the lozenge was 0.05 per cent for 
metals and 0.1 per cent for plastic 
materials for a mounting force of 1 |b. 
These values are very much less than the 
variations of 1 to 5 per cent reported by 
Vose* for the Huggenberger tensometer. 
This is probably due, as was pointed out 
by Tuckerman in his discussion of Vose’s 
paper, to the greater stiffness of the 
lozenge and the greater included angle at 
its edge. 


Effect of Mounting Force: _ 


The variation of the calibration factor 
of a gage with mounting force was deter- 
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mined by calibrating the gage on various 
materials with mounting forces varying 
from the weight of the gage (1 oz.) to 20 
Ib. The results for two materials, 
celluloid and duralumin, are given in 
Fig. 5. The deviation of the observed 
factor from the average factor for a 
number of materials having Vickers 
numbers from about 10 to 800 for a 
mounting force of 1 lb. is plotted as the 
ordinate. 
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The slight increase in factor shown 
for a mounting force of only the weight of 
the gage over the factor for a mounting 
force of 1 Ib. may be attributed to slight 
slipping of the gage. More consistent 
results were obtained with a mounting 
force of 1 lb. than for any other force 
used. For static tests there is no neces- 
sity to use mounting forces in excess of 
about 1 lb. It is unlikely, however, that 
excesssive force would actually be used 


Mounting Force, Ib. 
Fic. 5.—Variation of Calibration Factor with Mounting Force. 


The maximum variation of calibration 
factor with mounting force (0.6 per cent) 
was obtained on celluloid. For celluloid 
the calibration factor with mounting 
forces greater than 4 lb. is less than the 
factor for 1 lb. while for duralumin the 
factor is greater than the factor for 1 lb. 
In addition to the results shown in Fig. 


§,.tests were made on spring steel (Vick- 


. 
es number 545) with both 1- and 2-in. 
gage length gages having 0.2-inch loz- 


enges. The maximum difference between 
the factor for 1 lb. and the factor for 20 
‘Ib. was 0.25 per cent. 


in testing materials such as celluloid 
since so large an amount of creep is ob- 
served after the application of forces of 
10 and 20 lb. that no reliable readings 
can be obtained until sufficient time has 
elapsed for the rate of creep to become 
negligible. 

It is desirable that the mounting force 
be applied by means of low spring con- 
stant springs so that the force will not 
vary greatly during a test, since the 
reading of the gage varies with the 
mounting force because of deformation 
of the gage body and knife-edge. 
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Effect of Material: 


The variation of the calibration factor 
with material of the specimen for a 1-lb. 
mounting force is shown in Fig. 6. The 
maximum deviation of an individual 
factor from the average factor is less than 
0.14 per cent for an organic plastic 
material. The maximum deviation for 
metallic specimens is 0.12 per cent. The 
Vickers number of the Stellite of which 
the lozenge is made is somewhat less 
than 777. 


Effect of Position: 


The calibration factors of a typical 
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given in Table III. In each position the 
gage was attached to steel spindles 
(Vickers number 187) with a spring force 
of approximately 1 lb. The maximum 
percentage deviation from the average is 
0.06 per cent. This difference is not 
believed to be significant since variations 
as great as this are observed in repeated 
calibrations of a given gage in the same 
position. 


Effect of Temperature: 


A 1-in. gage was calibrated at con- 
stant temperatures of 70 F. and 100 F. to 
determine the variation of the calibra- 


l-in. gage for five different positions are tion factor with temperature. Eight 
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Fic. 6.—Variation of Calibration Factor with the Material of the Specimen for a Mount 
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TABLE III.—VARIATION OF CALIBRATION 
FACTOR WITH POSITION OF GAGE. 


Per- 
cent- 
Devia-| age 
De- 
ra- rom | via- 
tion |Average| tion 
ad Fac-| Cali- | from 
tor | bration] Aver- 
Factor | age 
Fac 
tor 
Horizon- j|Horizon- |Gage above 
tal | tal spindles {1.9874} 0.0001} 0.01 
Horizon- |Horizon- |Gage below 
tal | tal spindles |1.9884) 0.0011} 0.06 
Horizon- |Vertical 
tal 1.9862] —0.0011] —0.06 
Vertical |Horizon- |Lozenge up 
| tal 1.9877} 0.0004) 0.02 
Vertical |Horizon- |Lozenge 
tal down 1.9866] —C 0007} —0.04 
1.9873 


runs were taken at each temperature. 
The average factor for 100 F. was 0.05 
per cent greater than the average factor 
for 70 F. This value is not believed to 
be significant. 


Accuracy and Sensitivity: 


Calibration results reported indicate 
that the calibration factor for an individ- 
ual run may differ from the average 
calibration factor for a number of runs 
by almost 0.1 per cent. These devia- 
tions are probably due to variations in 
the seating of the lozenge which result 
in different effective lengths of the loz- 
enge diagonal. Since the modulus of 
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elasticity is inversely proportional to the 
calibration factor used in computing the 
indicated strain, variations as great as 
‘ 0.1 per cent are to be expected in deter- 
minations of the modulus of elasticity. 

The results reported indicate that the 
readings of the autocollimator are pro- 
portional to the change in length of the 
gage length of the gage to about one 
vernier division (4 X 10~* in.) for a range 
of calibration of 0.010 in. For the 1-in. 
gage length gage used in the tests re- 
ported, for a range of calibration of 0.004 
in., less than 3 per cent of more than 750 
readings differed from the least squares 
lines by more than 4 vernier division 
(2 X 10-*in.). More than 60 per cent 
of the readings differed by less than } 
vernier division (1 X 10-* in.). The 
maximum variation was 1.4 vernier 
divisions. 

All the results reported were obtained 
in a temperature-controlled room. For 
variable temperatures the readings of the 
autocollimator will change because of 
unequal expansion of the specimen and 
the body of the gage. Even if the co- 
efficients of linear thermal expansion of 
the specimen and gage bodies are equal, 
in general the cross-sectional areas are 
unequal, and there is a differential rate 
of expansion or contraction which results 
in a shift of reading due to temperature. 
To avoid this source of error it is neces- 
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sary to wait until temperature equilib- 
rium is established after the gages and 
specimen are handled, and then to main- 
tain the specimen and gages at a con- 
stant temperature during tests. Un- 
favorable temperature conditions may 
introduce errors much greater than any 
of the variations reported. 


CONCLUSIONS 


The readings of a Tuckerman strain 
gage are proportional to the change in 
length of the gage length to about 1 
vernier division. 

Mounting forces of 20 lb. produced 
changes in calibration factor as great as 
0.6 per cent. For non-vibrating tests 
most satisfactory results were obtained 
on all materials with a mounting force of 
about 1 lb. This should be applied with 
low spring constant springs to minimize 
changes in mounting forces during a test. 

If a mounting force of about 1 |b. is 
used, probably the most satisfactory 
material for the spindles of the calibra- 
tion device would be a metallic material 
having a Vickers number in the neigh- 
borhood of 150 to 200. 

The position of the gage in space has 
no significant effect on the calibration 
factor. 

For constant temperatures within the 
range 70 to 100 F. the calibration factor 
is independent of temperature. 
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FACTORS AFFECTING HARDNESS RELATIONSHIPS IN THE RANGE 
50 TO 250 BRINELL 
By Rosert H. Hever! 
SYNOPSIS 
This paper is a continuation of previously reported work of the author 
which was undertaken to assist the Joint A.S.M.-A.S.T.M.-S.A.E. Committee 7 
on Hardness Conversions in its study of hardness conversions for metals 
below about 250 Brinell (0 to 100 Rockwell B scale). 
Data are presented to show the effect of work-hardening capacity and the 
importance of close control of time of load application. A method based 
on observation of the contour of hardness indentations is described for con- 
structing general hardness conversion tables of improved accuracy. Certain 
hardness — tensile strength relationships given in the literature are considered 
from the standpoint of the author’s experimental data. _ 


A testing procedure is suggested for establishing both hardness and tensile 
conversion tables for specific materials. 


Reliable hardness conversions for soft 
steels and the non-ferrous alloys are 
needed. The Joint A.S.M.-A.S.T.M.- 
S.A.E. Committee on Hardness Conver- 
sions? has investigated the problem and 
concluded that the relationship between 
two hardness scales cannot, in this range, 
be expressed by a single function, and 
that specially determined conversion 
relationships will be necessary for specific 
materials. 

The committee is also aware of the 
need for improved har’..ess — tensile 
strength relationships in the hardness 
range under consideration and proposes 
to include tension tests in future in- 
vestigations. 

In a recent paper (1),’ the author 

1 Supervisor, Metallurgical Laboratory, The American 
Rolling Mill Co., Middletown, Ohio. 

? This committee has functioned under the Section on 
Indentation Hardness of A.S.T.M. Committee E-1 on 
Methods of Testing. 

*The boldface numbers in parentheses refer to the 


reports and papers appearing in the list of references ap- 
pended to this paper, see p. 1044. 
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presented data which served to outline 
some of the problems involved in hard- 
ness conversions. This work has now 
been extended to include tension test 
results and standard Brinell tests. Test 
methods for determining conversion re- 
lationships will be described and recom- 
mendations made for a definite procedure 
that can be followed in laboratories 
that may wish to cooperate in furnish- 
ing additional data to the committee. 
Another purpose of this paper is to pre- 
sent a plan for improving the accuracy 
of conversions using data now available. 


MATERIALS 


In the previously reported investiga- 
tion, many of the test specimens were of 
sheet thicknesses too thin for Brinell 
tests. Baby Brinell data were obtained 
from Rockwell impressions made with 
a 7g-in. diameter ball. While these data 
illustrate certain features of Brinell 


| 
f 
h 
e 
x 
iS 
y 
i- 
al 
h- 
as 
on 
6 
he 
or 
3 
| 
4 
— 
} 


1028 


compared with Rockwell and Vickers 
diamond pyramid hardness (D.P.H.) 


the form of round bars have been 
The }-in. flat-rolled material 


tested. 
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TABLE I.—ADDITIONAL HARDNESS DATA FOR SAMPLES PREVIOUSLY TESTED (1). 


Diamond Pyra- Brinell Hardness Meyer 
mid Hardness, | Rockwell Type of 
; Specimen D.P.H., Avg. 30 B scale 500 1500 3000 d = 3.75 nice pee Indentation 
and 50 kg. kg. kg. kg. mm. ” 

122.5 65.6 Ridging 
94.1 37.7 Ridging 
Aé4.. 112.3 56.6 Ridging 
SR Pee er 114.0 60.1 102 95 89% 98 83 1.97 Ridging 
120.2 65.0 Ridging 
106.7 57.4 Ridging 
Serer res 72.8 29.9 67 75 76% 70.5 38 2.31 Sinking 
| eer 79.7 37.0 72 80.5 82° 77 43 2.29 Sinking 
92.9 50.0 Sinking 

SR ror 103.1 57.4 95 103 106 101 59 2.25 Flat 

er 121.5 70.2 115 121 123 119.5 78 2.17 Flat 
Ae 59.5 6.9 56.5 63 67% 58.5 29 2.38 Sinking 

82.2 40.4 Flat 
Fee 72.0 26.4 Sinking 
68.0 23.2 Sinking 
74.6 37.0 Sinking 
errr 71.5 33.3 Sinking 
73.0 31.2 Sinking 
Sa arererreres 63.0 21.5 63 70 704 66 38 2.28 Sinking 
errr 124.2 69.1 116 116 112 117 88 2.07 Ridging 
77.7 14.0 72 66.5 59.5¢ 70 59 1.98 Ridging 
79.5 23.4 Ridging 
aaa 75.7 17.6 71 Ridging 
| eee 70.1 6.6 66 59 ob! 64 56 1.95 Ridging 
 - 83.3 26.6 81 76.5 69% 79.5 67 1.985 Ridging 
118.7 67.8 Sinking 
124.8 68.7 111 115 1167 115 76 2.16 Ridging 
158.5 83.5 144 147 148% 146.5 105 2.115 Ridging 
169.5 87.9 158 162 166% 163 111 2.14 Ridging 
187.3 91.5 169 173* 174% 173.5 125 2.11 Ridging 
194.0 93.5 177 1837 187% 184 127 2.13 Ridging 

86.4 43.8 76 79.5 48 2.25 Flat 
78.3 34.5 Sinking 
61.7 12.0 Sinking 

217.7 95.0 Flat 

155.1 80.8 Flat 
160.8 82.4 Sinking 
147.6 78.4 117 , Sinking 

154.5 81.7 125 134? 1407 136 84 2.21 Flat 
139.4 74.5 106 125 135¢ 122 59 2.40 Sinking 
172.2 86.2 135 152 161¢ 153 85 2.31 Sinking 

180.5 90.3 155 169 170% 167.5 108 2.185 Flat 

235.7 99.9 208 227 236% 234 145 2.22 Flat 
136.6 73.0 107 120° 131¢ 119 63 2.35 Sinking 
167.4 83.4 131 146 156% 148 82 2.30 Sinking 

252.2 99.8 202 214 228% 224 140 2.21 Flat 

143.1 75.2 Flat 

158.5 81.2 Flat 

176.5 87.3 Flat 
194.2 92.4 177 174 170% 172 137 2.03 Ridging 


column d = 3.75 mm. are for diameters interpolated from this relationship. 
» Indicated diameter of indentation greater than 7.0 mm. 


q @ Diameter of indentation extrapolated from the Meyer load- diameter relationship. 
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All materials were commercially avail- 
able alloys. Their composition or trade 
name and the processing treatments are 
given in Tables I, II, and III. Addi- 
tional data for the materials listed in 
Table I will be found in the earlier 
publication on this subject (1). 


Test METHODS 


Many of the materials of the earlier 


investigation were thick enough for 


Brinell tests. However, in some cases 
only 500-kg. tests could be made and 
in others the maximum load was 1000 
or 1500 kg. In the latter case tests were 
also made at 300, 500, 1000, and 1500 kg. 
to establish the Meyer hardness rela- 
tionship, from which the 3000-kg. Brinell 
hardness could be calculated with good 
accuracy. 

All of the new materials were tested 
at five or six loads to establish the 
Meyer hardness relation. No impres- 
sions larger than about 5.5 mm. diameter 
were made. The Brinell hardness at 
3000 kg. was determined from the Meyer 
relationships, however, if the diameter 
indicated by the extrapolated load- 
diameter line was less than 7.0 mm. 
All of these tests were made in an 
Amsler universal testing machine using 
a 10-mm. tungsten carbide ball. The 
maximum calibration error in the 10,000- 
lb. range used was +0.4 per cent. The 
load was applied at a moderate rate and 
maintained for 30 sec. The method of 
concentric indentations was used for 
successive loadings in the Meyer hard- 
ness procedure. ‘The diameters of the 
impressions were measured to +0.01 
mm. with a micrometer slide comparator 
type Brinell microscope at a magnifica- 
tion of 40. 

Rockwell tests were made on Rockwell 
hardness testers calibrated against stand- 
ard blocks... A.steel pedestal or spot 
anvil was used. In the case of the }-in. 
flat-rolled material, special care was 
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taken to reduce experimental error. 
Blocks 2 by 3 in. were prepared by 
machine and hand grinding on abrasive 
papers down to No. 0 grade. They 
were ruled into 10 equivalent zones for 
Rockwell and Vickers determinations. 
The Rockwell readings were corrected 
for the small deviation of the machine 
from standard block readings. 

The testing procedure recommended 
in A.S.T.M. Standard Methods of Test 
for Rockwell Hardness and Rockwell 
Superficial Hardness of Metallic Ma- 
terials (E 18-42) was followed. A 
second set of readings was made using 
the procedure given in the Wilson 
Mechanical Instrument Co. instruction 
book and widely copied in handbooks, 
pamphlets, and in recent books on hard- 
ness testing. The difference in these 
procedures is in time of load application. 
According to Methods E 18, the major 
load should be removed “when the 
pointer suddenly slows down” or “the 
moment it is seen that. the major load 
is fully applied.” According to the 
manufacturer of the Rockwell tester, 
the major load should be removed when 
the pointer ‘comes to rest.” It was 
found that the elapsed time by the first 
method varied from 5.3 sec. at 39 Rock- 
well B scale to 3.8 sec. at 96 Rockwell 
B scale. (Free loading time was set 
at 5 sec. with the machine set up to apply 
a major load of 100 kg.) A total elapsed 
time of 15 sec. was established for the 
second method. In most cases the 
movement of the pointer was imper- 
ceptible or very slow at the end of this 
period. 

The standard deviation based on ten 
readings was calculated for all Rockwell 
and Rockwell Superficial data for the 
1_in. flat-rolled materials. 

Diamond pyramid hardness (D.P.H.) 


-. fests were made on a Vickers hardness 


41942 Book of A.S.T.M. Standards, Part I, p. 915. 
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tester using a 50-kg. load. (The data 
from the earlier paper include 30-kg. 
tests.) The timing was set for 20 sec. 
total elapsed time for the loading and 
unloading cycle. 

Tension tests were made on 2-in. gage 
length specimens } by 3 in. in section 
for the flats and 0.505 in. in diameter 
for the round bars. An Amsler testing 
machine and a Kenyon-Burns-Young 
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and ¢; are thickness readings at the 
corners, f2 is the thickness at the mid- 
point, and w is the average width of the 
section, the final area is assumed to be 


The true area at intervals up to the 
maximum load point was obtained from 
the corresponding elongation readings as 


TABLE III.—TENSION DATA. 


Strength,| Tensile Lay ag Reduction| Yield Point TS. YS. (0.5%) 
Specimen 0.5 Strength, area, (0,5%) Ts. t m 
per cent psi. percent | 1810 Xa Xa 
psi. 
Frat-RoLttep 
eros 47 250 47 350 11.0 58.9 0.314 0.315 ~ 0.999 0.010 | ~~ 0.425 
Re 76 600 79 450 13.0 52.5 0.333 0.346 0.965 0.043 | 30.0 |0.855 
ee 21 400 51 450 59.8 70.7 0.275 0,660 0.417 0.296 | 3,82 |0.835 
23 8008 | 38 800 53.5 82.1 0.356" 0.580 0.6138 | 0.219! 5.36 10.60 
99 300, | 100 000 11.8 53.6 0.331 0.332 0.993 0.010 | |0.66 
anit 40 600" | 59150 39.5 67.4 0.316" 0.461 0.686 0.185 | 6.62 |0.645 
46 100° | 67 600 36.3 69.0 0.311° 0.456 0.682" |-0:183 | 6.47 10.76 
44900" | 61600 | 41.0 75.9 0.322" 0.442 0.728 | 0.174 | |0.735 
eae 49 900 69 650 20.5 28.6 0.313 0.438 0.715 0.180 | 5.68 |0.70 
200 | 84000 61.8 68.9 0,313 0.654 0.479 0.242 | 4.92 |1.31 
Rounp Bars*® 
20 750 21.0 1:3 0.376 
: Paes 5 720 12 130 46.4 83.0 0.243 0.516 0.472 
115000 | 120100 13.0 45.8 0.385 0.402 0.956 0.030 | 37 10.84 
eae 34 000 68 250 59.0 65.4 0.276 0.552 0.498 0.235 | 4.7 |0.84 
16 100 57 950 74.9 79.4 0.253 0.909 0.278 0.372 | 2.9 /0.80 
er 77.250 | 79120 19.4 58.7 0.314 0.322 0.975 0.045 | 22.9 |0.95 
39 500 59 230 43.1 77.5 0.281% 0.420 0.670 | 0.192! 5.8 |0.66 
30000 | 54950 42.8 62.6 0.221° 0.405 0.5469 |0.245| 4.5 (0.54 
| rere 38 000 11.0 16.0 1.135 
M3 28 700 36 700 12.8 20.8 0.872 1.112 0.782 0.117 | 9.0 |0.28 
M4. 36 670 48 000 11.0 14.8 0.810 1.06 0.764 0.133 | 8.7 |0.18 
D9 22 550 22 830 16.0 59.2 0.437 0.443 0.985 0.027 | 41.7 |0.15 
ae 38 570 43 730 20.3 41.4 0.349 0.396 0.880 0.090 | 14.4 |0.29 
D12 9 330 14 830 40.4 70.6 0.312 0.496 0.626 0.178 | 7.0 |0.17 
' 


@ All tensile tests are average of duplicate samples. 
Based on lower yield point. 


© Tensile data are average of 2 or 3 tests of 0.505-in. diameter specimens. 


wedge type extensometer were used. 
Autographic load-extension curves were 
obtained at 10:times strain magnification. 

The load at fracture was noted so that 
true stress-strain curves could be derived 
from the data according to the method 
of MacGregor (2). The area at fracture 
of the rectangular specimens was ob- 
tained from readings made with a 
micrometer having conical tips. If 4 


measured from the load extension curve, 
applying the principle of constant volume. 
From the calculated true area and the 
indicated load, the true stress was ob- 
tained. The abscissa of the derived 
stress-strain curve was taken as In 
fe where A, is the initial area and A 


4 


the instantaneous true area. ‘The slope 
of the line drawn from the fracture point 
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tangent to the calculated portion of the 
curve was taken as a measure of the 
work-hardening rate (s in Tables II 
and ITI). 

Another type of stress-strain curve was 
plotted using the logarithm of the true 


@ 
HEYER ON Factors AFFECTING HARDNESS RELATIONSHIPS 7 


The cotangent of the resulting line is 
considered to be a measure of the rate 
of work-hardening (m in Tables II and 
III). The average slope of the plastic 
line or curve was taken as another 
measure of the rate of work-hardening 


stress and the logarithm of the per- 


scribed by Kokado (3) and Schwarz (4). 


ROCKWELL B 
Fic. 2.—D.P.H. versus Rockwell B Hardness. 


centage elongation, in the manner de- 
This treatment of the data tends to 


straighten the plastic portion of the 
curve up to the maximum load point. 
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(tin Tables IIand III). The cotangents 
and tangents, m and ¢, were measured 
over the increments 1 to 2, 2 to 3, 3 to4, 
4to5,5to7, 7 to 10, 10 to 15, and 15 to 
20 per cent elongation but not beyond 
the maximum load point. 


| 

6 

e 


TISNINE 

09 
os 

Qzz 


AAVN-AWUY 
3adAl SONISGIY 
3dAL SNIINIS 


8 


Q, 
Z 
=< 
~ 
; 
4 
fay 
5 


HEYER ON 


Ss 
e 
d 
| 
| 
| 


oe 09 


AAVN 


3dAL 


> 


4“ 
= 
=) 
w 
Z 
= 
< 
4 
= 
< 
< 

— 
— 


1036 


4 
4 
st 
| 
| ANS 
as 
e le ele ie | | $a. 
- ‘Had 
“P 
Ins 


Fic. 4.—D.P.H. versus Brinell Hardness. 
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DISCUSSION OF DATA 


The principal hardness conversion 
relationships are plotted in Figs. 1 to 4. 
Figs. 1 and 2 are similar to Figs. 6 and 5 
of the earlier paper and are based on the 


diameter t 


same data, with the addition of points 
representing the }-in. flat-rolled speci- 
mens. However, in the present illus- 
trations each point is identified with the 
appearance of the hardness indentation 
instead of the Meyer or work-hardening 
coefficient. ‘The solid circles represent 
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Section and Plan of a Ridging Type Brinell Indentation. 
5.1 mm. for the ill I to 8. 


Fic. 6.—Section and Plan of a Flat Type Brinell Indentation. 
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materials whose hardness indentations 
are of the “sinking-in” type which is 
always associated with annealed ma- 
terials of high work-hardening capacity. 
The open circles represent “piling-up” 
or “ridging” type impressions which are 


associated with cold-worked materials 
of low work-hardening capacity. This 
divides the data into two groups rep- 
resenting the extremes of work-hardening 
capacity and was thought to offer a more 
practical means of compensation for 
this effect. ‘The double circles represent 
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a Fic. 8.—Section and Plan of a Brinell Indentation in Annealed Mild Steel. 
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ons in Materials having (@) Ridging, (b) Flat, and (c) Sinking 
Type Brinell Impressions. 


Fic. 9.—Vickers (D.P.H.) indentati 
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materials having relatively flat hardness 
indentations which are difficult to classify 
as either type. In all cases average 
lines have been drawn through the 
sinking and ridging points. 

The basis for this classification by the 
appearance of the indentations is shown 
in Figs. 5 to 9. Some difficulty was 
experienced in photographing Brinell 
indentation contours. However, it is 
not difficult to classify indentations into 
the three types by inspection of actual 
samples at an oblique angle. In the case 
of Rockwell indentations, a low-power 
lens is useful for close examination. It 
is desirable to have an impression diam- 
eter at least 0.4 times the ball diameter, 
which may mean making a Rockwell G 
impression using 150 kg. load in the 
case of materials having high Rockwell 
B hardness. Diamond pyramid inden- 
tations are somewhat more difficult to 
classify. The criterion is departure from 
a true square as shown in Fig. 9. 

Irons and steels having appreciable 
yield point elongation have indentations 
surrounded by Liider lines as shown in 
Fig. 8. In general, steels have indenta- 
tions which appear, at first, to be of the 
ridging type. Closer examination re- 
veals that while there has been a general 
elevation of metal to a considerable dis- 
tance from the edge of the indentation, 
the lip tends to be rounded. For the 
purposes of this investigation such 
materials are classified as intermediate 
or flat. In the case of iron or steel 
heavily cold worked by rolling or draw- 
ing, a sharp ridging impression results as 
in the case of non-ferrous metals. Like- 
wise, dead soft annealed low-carbon 
drawing grade steels and open-hearth 
ison may have sinking type indentations. 

As an annealed metal is progressively 
cold worked, the change from a sinking 
to a ridging type hardness indentation 

is gradual. Where it is not easily pos- 
sible to make a decision as to type of 


indentation, the intermediate classifica- 
tion should be applied. In this investi- 
gation, the materials available were, for 
the most part, either annealed or quite 
heavily cold worked. It would be de- 
sirable to include a more complete 
selection of tempers in future work on 
this problem. 

It is apparent from Figs. 1 to 4 that 
reasonably good conversion relationships 
can be assigned to materials having 
similar types of hardness indentations. 
If such relations are used, the average 
error of conversion can often be greatly 
reduced compared with that which would 
result from the use of currently available 
conversion tables. For example, in Fig. 
1, the Wilson Mechanical Instrument 
Co. Chart No. 38 curve for Rockwell B 
versus Rockwell 30T is satisfactory for 
sinking type but very inaccurate for 
ridging type impressions in the range 0 
to 60 Rockwell B. 

The Army-Navy curves of Figs. 2, 3, 
and 4 are from the Army-Navy Aero- 
nautical Specification for Heat Treat- 
ment of Steels; AN-QQ-H-201. They 
are represented in the specification as 
approximate relationships for carbon 
and low alloy steels. The Army-Navy 
curves in Figs. 2 and 3 tend to follow 
the solid and double circles rather than 
the open circles representing cold-worked 
materials. Since the specification is 
limited to structural steels for heat treat- 
ment and these would normally be in the 
annealed or normalized state, it would 
not be expected that these conversions 
would apply to work-hardened materials 
(ridging type impressions). In _ the 
D.P.H.-Brinell conversions of Fig. 4, 
the Army-Navy curves lie parallel to 
the lines for the ridging type impressions. 
However, the influence of type of inden- 
tation on the conversion relationships is 
small in the zones covered by the Army- 
Navy curves. 

There is need for more Brinell data to 


| 
a 
6 


1040 HeEYER ON Factors AFFECTING HARDNESS RELATIONSHIPS 


supplement Figs. 3 and 4, especially the 
combination of high hardness and high 
work-hardening capacity. The austen- 
itic stainless steel SS11 at 86 Rockwell B 
and 172 D.P.H. with Meyer n = 2.31 
is the hardest material of high work- 
hardening capacity which was available. 
‘Two hypothetical alloys, A and B, were 
therefore selected having Rockwell and 
_D.P.H. hardnesses consistent with Fig. 
2, and D.P.H. and Brinell hardnesses 
_ consistent with the 1500 kg. curve of 
Fig. 4. Both materials were given a 
_ Meyer n value of 2.35 representing a 
high work-hardening capacity. From 
the relationships between Meyer a and 
n and the 1500-kg. Brinell values, the 
-500- and 3000-kg. Brinell values could 
be calculated. The resulting values are 
consistent with the extrapolated experi- 
-mental curves for high work-hardening 
capacity materials in Figs. 3 and 4. 
(Materials A and B are plotted as squares 
in Figs. 2, 3, and 4.) From Fig. 4 it 
appears that very large errors are pos- 
sible if any single function is used as a 
D.P.H. versus 500-kg. Brinell conversion 
curve. 
The Rockwell-Brinell conversions of 
_ Fig. 3 are particularly significant. For 
a given Rockwell hardness the spread in 
500-kg. Brinell values may vary from 
13 to 30 points, the annealed materials 
with sinking type impressions having the 
lower Brinell hardnesses. On the other 
hand, these same annealed materials 
have, on the average, about 10 points 


higher Brinell hardness than the cold- 


_worked materials in the 3000-kg. Brinell 
tests. At the intermediate load of 1500 
kg. the Brinell-Rockwell relationship is 
quite independent of the nature of the 
material. 

The D.P.H.-Brinell relations of Fig. 4 
are more complex, although here again 
the annealed materials of high work- 
hardening capacity attain relatively 

higher Brinell hardnesses than the ini- 


tially cold-worked materials as the load 
used in the Brinell test is increased. 
There appears to be some evidence in 
favor of the 1500-kg. test as the least 
sensitive to the nature of the material 
over the hardness range being con- 
sidered. The data for Brinell hardness 
at a constant indentation size of d = 3.75 
mm. show the least scatter of the D.P.H.- 
Brinell relationships. Unfortunately, it 
is not possible to make direct hardness 
determinations at constant indentation 
size in ordinary Brinell hardness testers. 

According to Smith and Sandland (5), 
the Vickers (D.P.H.) versus Brinell 
values are identical in the range under 
consideration when the Brinell readings 
are made at d = 3.75mm. ‘The author’s 
results based on baby Brinell readings 
tend to confirm this (1) but the 10-mm. 
ball Brinell values of Fig. 4 are slightly 
lower than the corresponding D.P.H. 
values. The difference between these 
results and those of Smith and Sandland 
may be due to the use of a tungsten 
carbide ball in this investigation. Tung- 
sten carbide Brinell balls have obvious 
advantages at high hardnesses which 
may lead to their general adoption, 
hence further information is needed on 
tungsten carbide versus steel balls for 
Brinell tests on soft as well as on hard 
metals. 

As previously stated, some of the 
Rockwell tests were made according to 
both the A.S.T.M. and the Wilson 
Mechanical Instrument Co. procedures 
(see Table II). The Rockwell test 
results plotted in Figs. 1, 2, and 3 are 
for the A.S.T.M. procedure. In a few 
instances the reading obtained by the 
longer time of application of the load is 
indicated by an arrow extending from 
the plotted point. In Fig. 1 these 


arrows lie parallel to the assumed con- 
version curves showing that no errors in 
conversion would be introduced pro- 
> a consistent testing procedure 
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were used in all Rockwell and Rockwell 
Superficial tests. In Figs. 2 and 3, it is 
evident that the longer time of loading 
can result in either better or worse 
agreement with the assumed conversion 
relationships. In any case, the need for 
agreement on this troublesome point of 
difference in testing procedure is ap- 
parent. The standard deviations ob- 
tained by both methods are comparable, 
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flat-rolled materials and for a small 


group of materials in the form of round 
bars. Preliminary examination of these 
data indicates that independent relation- 
ships based on the appearance of the 
hardness indentations can probably be 
applied, as in the case of the various 
hardness scales. 
needed, however, before suitable curves 
can be established. “sch 
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the average deviation being 14 per cent 
higher for the A.S.T.M. method than 
for the 15-sec. method; therefore, the 
principal issue is whether the extra time 
required for the pointer to come to rest 
is warranted. The time factor is or- 
dinarily under control in D.P.H. and 
Brinell tests. 

Hardness — tensile strength ‘relation- 
ships have been obtained for the }-in, 


The tensile strength is expressed 


Hardness — tensile strength con- 
versions have been explored by Schwarz 
(4) who made tension, Brinell, and 
Meyer hardness tests on a large number 
of non-ferrous alloys. ‘The relationship 
between the tensile strength — Meyer a 
ratio and the Meyer » work-hardening 
coefficient which he found to be ap- 
plicable to his non-ferrous alloys, have 
been applied to the data obtained by the 
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author and to similar data from the 
literature, as well as to certain hardness 
— tensile strength conversions in current 
use. 

As shown in Fig. 10, the data for non- 
ferrous alloys are in satisfactory agree- 
ment with those of Schwarz, while 
many of the points for steel are non- 
conforming, falling below the band for 
the non-ferrous alloys. 

The hardness — tensile strength con- 
version given in Army-Navy Specifica- 
tion AN-QQ-H-201 gives 144 Brinell at 
72,000 psi. tensile strength, and the 
Wilson Chart No. 38 gives 150 Brinell 
at the same strength. Both are repre- 
sented as approximate relationships for 
steel only. For any value of Meyer x 
which can be assigned, a Meyer a value 
can be calculated from the Meyer 
equation which will be consistent with a 
Brinell hardness of 144 or 150. In this 
manner curves have been derived for the 
coordinates of Fig. 10. The Army-Navy 
hardness — tensile strength relationship 
for 144 Brinell, for example, is satisfied 


by a material having a 


capacity (Meyer m) of 2.25 if the cor- 
responding ratio of tensile strength to 
Meyer a equals 0.50. Similar curves 
for Brinell — tensile strength relations 
at other strength levels were drawn and 
although these were found to differ 
somewhat from the particular values 
selected for illustration, it was evident 
that both the Army-Navy and Wilson 
Mechanical Instrument Co. conversions 
fit the data for steels better than the 
Schwarz band which contains most of 
the points for non-ferrous metals. For 
work-hardening capacities less than » = 
2.2, the ferrous and non-ferrous metals 
have the same hardness — tensile 
strength relationships, within the limits 


q of accuracy of this method. 
The use of Schwarz’s method of 


estimating tensile strength from hard- 
ness is dependent on Meyer hardness 
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data, which requires making indentation 
diameter measurements at two or more 
test loads. While this is not always 
convenient, more use of this test would 
probably result if the advantages were 
generally known. Schwarz has pre- 
sented a short-cut method which makes 
it unnecessary to determine a or n by 
either graphical or analytical methods. 
Two Brinell impressions are made at 
loads in the ratio of 2 to 1 or 3 to 1 
(for example, 3000 and 1500, 2000 and 
1000, 3000 and 1000, or 1500 and 500 
kg.). From his Fig. 15 the ratio of 
tensile strength to Brinell hardness can 
then be obtained. Although this 
method would not have universal appli- 
cation, preliminary tests by the author 
indicate that it would be useful if a 
distinction were made between steels and 
non-ferrous metals of high work-harden- 
ing capacity. 

Kokado (3) gave the following rela- 
tionship for the correlation between the 
slope of the tension test curve and the 
Meyer 2 value: 


n— 
where m is the cotangent of the curve 
for log true stress versus log percent- 
age elongation. The Schwarz data are 


better described by 


6 
n—206 


and the author’s data are in substantial 
agreement, with certain notable ex- 
ceptions. 

Although the work-hardening rates 
indicated by the tension tests and the 
Meyer hardness tests are compatible, 
the relationship is only approximate. 
It was thought that the work-hardening 
rate, s, taken from the MacGregor (2) 
type true stress true strain curve might 
have a significant relationship to the 
hardness test. The data reported here 
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do not support this view. In a former 
study of the Brinell test (6), the author 
showed that compressive strains seldom 
exceed 20 per cent under Brinell impres- 
sions, therefore one might look for a 
correlation of the Meyer work-hardening 
coefficient with the early plastic portion 
of a compression stress-strain curve, and 
possibly with the slope ¢ of the loga- 
rithmic tension stress-strain curve, but 
not with the portion of the tension curve 
beyond the maximum load point. 

Another approach to the hardness — 
tensile strength relationship by Peek and 
Ingerson (7) is based on Rockwell test 
data. This method also requires hard- 
ness readings made at two or more loads 
(or the use of two or more different size 
ball indenters). A preliminary study 
by the author indicated that the method’ 
is extremely sensitive to differences of 
1 or 2 points Rockwell. Further analy- 
sis of this method by its originators, 
using the data here made available, 
would be welcome. 


CONCLUSIONS 


1. Two details of testing procedure 
should be given further consideration 
before specific conversion relationships 
are developed; namely, the control of the 
time factor in the Rockwell tests, and the 
influence of tungsten-carbide versus ordi- 
nary and cold-worked steel balls in the 
Brinell test. 

2. Differences in work-hardening ca- 
pacity of metals as measured by the 
Meyer m coefficient have a very great 
influence on hardness and hardness — 
tensile strength conversion relationships. 

3. The marked difference in appear- 
ance of ball type hardness indentations 
depending on the work-hardening ca- 
pacity of the metal can be used to 
advantage in selecting conversion rela- 
tionships of greater accuracy than those 
now available. 

4. Additional test data are needed 
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before the more accurate conversions 
referred to in conclusion 3 ean be made 
fully effective. 

5. The 1500-kg. Brinell test has ad- 
vantages over the 3000-kg. test in the 
hardness range under consideration be- 
cause the size of the indentations is more 
favorable and the effect of work-harden- 
ing capacity on the Rockwell-Brinell 
conversion relationship is greatly reduced, 
making it possible to use a single function 
for this particular conversion. 

6. Methods based on appearance of 
the hardness indentations can probably 
be used to establish improved hardness 
— tensile strength relationships when 
sufficient data become available. 

7. The method proposed by Schwarz 
for obtaining tensile strength from 
Brinell hardness tests made at two test 
loads is worthy of further study. 


RECOMMENDATIONS FOR OBTAINING 
HARDNESS AND HARDNESS — TENSILE 
STRENGTH CONVERSION DATA 


1. Flat-rolled stock } in. thick or 
over is preferred over round bars. 

2. Variations over the width of the 
sheet, strip, or plate should be explored 
by preliminary Rockwell tests to insure 
uniformity. Material finished by light 
cold rolling or drawing which may 
introduce a hardness differential in the 
thickness direction should be avoided. 

3. Chemical inhomogeneity such as 
surface carburization or decarburization 
of steels should be avoided. 

4. Two hardness test blocks approxi- 
mately 2 by 3 in. should be prepared and 
smoothed to grade 1 or 0 abrasive paper 
by methods which reduce the flow of 
metal at the surface to a practical 
minimum. Hand polishing is preferred 
for the finer abrasive papers. One block 
may be only roughly finished on one 
side dnd the smooth side used for 
Brinell type tests. The other block 
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should be smooth on both sides and all 
Rockwell and D.P.H. tests made on one 
side. This block should be divided into 
two banks of five equal rectangles, 
leaving }-in. margin at all edges. The 
various Rockwell, Rockwell Superficial, 
and Vickers (D.P.H.) tests should be 
made in each of the ten zones. 

5. Rockwell readings should be cor- 
rected for deviation of the machine 
from standard block readings. The 
tests should conform to A.S.T.M. Stand- 
ard Methods FE 18. 

6. The indenter used for Vickers or 
D.P.H. readings should have an apex 
angle of 136 + 1 deg. The loading 


calibrated: 


2L sin ; 
 DP.H. = 
where: 
d = length of average diagonal in milli- 
meters, 


apex angle, and 
load in kilograms. 

7. Three Brinell indentations should 
be made at 500-kg. load, and after 
measuring the diameter of the indenta- 
tion, the ball should be reinserted for 
additional tests at four or five higher 
loads such as 750, 1000, 1500, 2000, and 
3000 kg. In no case should the impres- 
sion diameter be larger than about 6.0 
mm. For very soft metals it is ad- 
visable to use an initial load of 300 kg. 
The load-diameter readings are then 
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Mr. Vincent E. Lysacut! (presented 
in written form).—Mr. Heyer presents a 
new approach to the old question of 
conversion charts, and it is possible 
that anyone experienced in classifying 
the indentations according to Mr. 
Heyer’s method would be able to get a 
more accurate estimate of the hardness 
relation of one scale to another. This 
would require, however, accurate con- 
version values for each type of indenta- 
tion and a large number of tests would 
have to be made on various materials 
in different hardnesses, and once these 
tests are made, it would seem more 
advantageous and of more value to pre- 
pare separate conversion tables for 
each type of material. 

In the laboratories of the Wilson 
Mechanical Instrument Co., it was 
found difficult to classify small indenta- 
tions such as are obtained on the 
Rockwell Tester and especially on the 
Rockwell Superficial Tester, according 
to the proposed method. The impres- 
sions which showed a “sinking” type of 
indentation were very difficult to classify. 
Just before one reaches the part of the 
metal which sinks in, a small ridge 
exists and this causes confusion in classi- 
fying. This ridge is readily discernible 
if you take a real soft piece of brass of 
approximate hardness Rockwell B10. 
This has what is referred to as a “sink- 
ing” type of indentation but by rubbing 
the surface with emery paper, after 
the test is made, it can be shown that 
there was also a ridge just beyond the 
“sinking” section. This ridge is also 


1 Assistant to the President, Wilson Mechanical Instru- 


ment Co., Inc., New York, N. Y 


DISCUSSION 


observed by examining the indentation 
with a small hand magnifying glass. 
Another disadvantage of the proposed 
method is that conversion charts are 
often desired by engineers, designers, 
inspectors, etc., who do not have a 
sample of the material available. They 
would know, however, the type of 
material with which they were working, 
but would not know whether it was 
“sinking” or “ridging” type. 
Reference is made in Mr. Heyer’s 
paper to the difference between the 
A.S.T.M. test procedure and the proce- 
dure given in the Wilson Mechanical 
Instrument Co. Instruction Book, con- 
cerning the time of load application. 
Actually the two wordings have the 
same meaning unless there is flow in the 
material under test. Under such condi- 
tions no Rockwell test can be recorded 
unless a time factor is specified. The 
Rockwell test is a static test and is of 
the proper value when the forces reach 
equilibrium. Now, if there is material 
which flows thus causing creep of the 
needle, then it is necessary that the 
supplier and user get together and 
determine a time factor agreeable to 
both or, if such a time factor is written 
into general specifications, it should be 
determined by someone who has made 
an accurate study of the various time 
factors for different materials at different 
hardnesses. In actual practice, most 
materials can be tested on the Rockwell 
Tester where the pointer comes to rest 
much before 15 seconds, the time 
interval established by the author, 
whereas on the other hand, some 
materials such as zinc may require 4 
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much longer time for the needle to come 
to rest. 

Mr. F. M. Howe t.2—Mr. Heyer is 
certainly to be congratulated upon his 
further work on this subject of hardness 
relationships, and I am glad to see that 
he has carried it down to a Brinell of 
50 and hope he will extend it down to 
even lower hardnesses. 

Comparison of a large number of 
carefully conducted tests involving many 
alloys and tempers of aluminum with 
the curve that Mr. Heyer shows for the 
relationship between Rockwell B and 
Brinell hardness with the 500 kg load, 
shows that when these tests are carried 
out in strict accordance with the 
A.S.T.M. procedure, almost all the 
results fall within the limits defined by 
his two extreme curves, that is, the line 
for the sinking type and the line for the 
ridging type. 

This is true except at the upper range 
of hardness. Our results showed a 
greater divergence in the Brinell range 
from about 130 up to about 180, a 
greater spread than he has shown, and 
also it appears from his points that 
maybe he should have shown a little 
greater spread because some of those 
points in that neighborhood are outside 
the lines. 

In connection with the relationship 
between hardness and tensile strength, 
it is interesting to note that, in the case 
of certain aluminum alloys at least, 
extended aging at elevated temperatures 
causes the hardness to continue to in- 
crease after the point has been reached 
where the tensile strength starts to 
decrease. 

I have not examined the type of 
indentation obtained in our tests to see 
whether they are of the ridging or sink- 
ing type, but I would expect them to be 
more or less intermediate and of the 
so-called flat type. 

? Chief, Mechanical Testing Div., Aluminum Research 


s., Aluminum Company of America, New Kensing- 
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One other thing I want to point out is 
that unless these tests are run in strict 
accordance with the specifications, we 
find a much greater divergence from 
these curves, so I think it is important 
that the tests be run very carefully. 
Some of the very hurried tests that are 
made in production will not give the 
correlation that can be found from very 
careful tests. 

Mr. S. M. ARNOLD*® (presented in 
written form).—This paper calls atten- 
tion to the fact that some metals are 
depressed around the indentations on 
the Brinell, Rockwell, and Vickers hard- 
ness tests. On the other hand, some are 
ridged and some of the metals do not 
consistently show either a ridge or a 
sinking type of depression. The author 
has shown that by plotting the hardness 
relationships for these various metals 
against each other they fall in two 
groups: those which exhibit ridging and 
those which exhibit sinking. By this 
method you appear to get better correla- 
tion between the various hardness test- 
ing methods. It is also to be noted 
that the Army-Navy, and Wilson Me- 
chanical Instrument Co. curves are at 
an approximate average position. 

We have made Rockwell tests on the 
following metals to determine whether 
they can be segregated according to 
sinking and ridging types of depression. 
The results are as follows: 


Hard 
ness 
Type of 
Indentation 
Scale 
8 per cent phosphor bronze..| 89.5 Indeterminate 
Copper nickel experimental 
Aluminum alloy 46 Indeterminate 
ands 95 Indeterminate 
52 Ridging 
Aluminum alloy 523......... 21.5 Ridging 
88 Ridging 
Beryllium copper............ 97 Flat ' 
Cold rolled steel............. 81.5 Ridging | “a 
Magnesium alloy JiH........ 36.5 Indeterminate 


3 Bell Telephone Laboratories, Inc., New York, N. Y. 
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ot will be noted that of the 13 metals 


tested, 5 are marked “indeterminate.” 
Three ‘observers checked with a binocular 
microscope and where they were unable 
to agree as to the character of the depres- 
sion, the character has been marked 
“indeterminate.” Inasmuch as 5 of the 
13 metals, or approximately 35 per cent, 
are in the indeterminate class, we feel 
at the present time that this proposal 
of separating the metals as to the 
character of the depression, after inden- 
tation test, as being one of interest 
chiefly in the laboratory and of less 
significance for testing in the plant. 
As the data indicate that the Wilson 
Mechanical Instrument Co.’s chart and 
the Army and Navy conversion curves 
in general fall about midway, we feel 
such curves have most to recommend 
them for practical hardness conversion 
work, eliminating as they do the neces- 
sity on the part of the operator of 
characterizing the depression. 

It is clear that this difference in 
behavior of metals under the.indentation 
test is significant, but if there is a 
question as to the type of indentation 
much of its value in the shop is lost. 
For the present, as time permits, com- 
plete conversion tables for each specific 
metal should be prepared in a manner 
similar to that already completed for 
cartridge brass. 

Mr. Re L. Kenyon.*—As chairman 
of the committee to which Mr. Heyer 
referred, I should like to say that the 
committee was endeavoring to find 
some means of giving help to the many 
people who are requesting that some- 
thing be done about hardness conver- 
sion. A conversion relationship for car- 
tridge brass was developed without 
much difficulty. The conversions for 
steel were worked out in the higher 
hardness ranges and have been pub- 


4Associate Director of Research, The 
Rolling Mill Co., Middletown, Ohio. 
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lished, but, as has been said, in the 
lower hardness ranges, there is such a 
wide spread in work-hardening charac- 
teristics that no single conversion takes 
in all materials. 

There were two alternatives that the 
committee considered. One was that 
which Mr. Lysaght favored, of compiling 
sufficient data to have a correlation or a 
conversion curve for each different 
material. That would require consid- 
erable time, although obviously it would 
be the best solution. In the meantime, 
it was thought, some less accurate but 
nevertheless useful relationship might 
be worked out along the line that Mr. 
Heyer’s paper has described. 

The committee hoped there would be 
a number of people who might be able to 
examine impressions on samples that 
they had tested in their own laboratories 
and check the results that are included 
in Mr. Heyer’s paper. The committee 
welcomes the presentation of the data 
that has been already made, but there 
really needs to be much more checking 
done. 

Mr. Ropert H. HeyYeER® (author's 
closure by letter)—Mr. Howell points 
out that his Rockwell B-Brinell data 
for aluminum alloys generally fall within 
the limits of the curves of Fig. 3 except 
for a greater spread in the high hardness 
range. In all cases the curves for 
“sinking” and “ridging” materials were 
not intended as limiting lines but 
as average lines for these classes of 
materials. 

One of the two precipitation hardened 
aluminum alloys tested had a “flat” 
and the other a “ridging’ contour. 
It would be interesting to know whether 
Mr. Howell’s alloys having hardnesses 
up to 180 Brinell have 
tours. We have not 


“ridging”’ con- 


made enough 


5Supervisor, Metallurgical Laboratory, The American 
Rolling Mill Co., Middletown, Ohio. 
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observations of precipitation hardened 
alloys to know whether they develop 
the ridging contours which are char- 
acteristic of cold-worked materials. 

It is apparent from the discussions 
by Messrs. Lysaght and Arnold that 
the method of classifying indentation 
contours was not clearly described in the 
paper. Mr. Lysaght is correct in his 
observation that “‘sinking”’ type indenta- 
tions have an elevated or ridged zone 
outside the depressed zone at the edge 
of the indentation. According to the 
author’s method of classification, the 
contour at the edge of the identation 
the intersection of the sphere and the 
plane—is the criterion of “ridging” or 
“sinking.”’ Ridging impressions have 
sharp edges and sinking impressions 
have rounded edges as observed natu- 
rally or with a low magnification glass. 
Impressions whose edges are not readily 
classified as rounded or sharp are put in 
the intermediate or ‘‘flat”’ category. 

The use of the term “ridging’’ was 
apparently misleading since nearly all 
indentations have a measurable eleva- 
tion from the original plane surface, but 
only in the case of cold-worked metals, 
and possibly some hardened by other 
means, does the elevation take the form 
of a sharp ridge at the very edge of the 
indentation. 

Mr. Lysaght refers to the case where 
the test sample is not available for 
visual classification but the engineer or 
inspector knows the type of material. 
If the material is known to be in the 
soft annealed state or in a hard-rolled or 
hard-drawn temper, it can safely be 
assumed that it will have “sinking” 

rounded) or “ridging” (sharp) types of 
indentations, respectively. In these in- 
stances use of the special conversions 
based on identation contours should give 
more reliable results than conventional 
conversion charts. For example, if the 
material has a hardness of 45 on the 


-DiscussION ON Factors AFFECTING HARDNESS RELATIONSHIPS 


1049 


R30T scale and is known to be in a 
hard-rolled state, its Rockwell B hard- 
ness is probably about 25 instead of 45 as 
given by the Wilson Chart No. 38. 

In discussing the time of load applica- 
tion in Rockwell! testing, Mr. Lysaght 
states that for materials which flow under 
the test load, ‘“*... no Rockwell test can 
be recorded unless a time factor is 
specified. The Rockwell test is a static 
test and is of the proper value when me 
forces reach equilibrium.” 

According to A.S.T.M. Standard E 
18 - 42, Section 7 (g): “The time of 
application of the po aa load shall be 
established and accurately adhered to 
when comparing results. As a general 
rule, an interval of full application of the 
major load of not more than 1 sec. is 
best. For soft metals the penetration 
will ‘creep,’ causing variations as high as 
ten hardness numbers. With such met- 
als the operating lever should be brought 
back the moment it is seen that the 
major load is fully applied.” 

Evidently the issue is whether or not 
the Rockwell test is based on equi- 
librium. The procedure recommended 
by The Wilson Mechanical Instrument 
Co. and confirmed in Mr. Lysaght’s 
discussion is not in accord with A.S.T.M. 
Standard E 18 — 42. 

Mr. Arnold states that the Army- 
Navy and Wilson Mechanical Instru- 
ment Co. curves are at an approximate 
average position between the author’s 
curves for “ridging” and “sinking” type 
materials. In Fig. 1 the Wilson curve 
has been drawn only for the RB versus 
R30T data. It will be found, however, 
that in all the relationships represented 
in Fig. 1 the Wilson curve follows the 
“sinking” curve for the lower hardnesses 
and the “ridging” curve for the higher 
hardnesses. Only in a small range of 
hardness does it approximate an average 
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The author and his associates, like 
Mr. Arnold and his associates, examined 
identations which could not be classified 
definitely as “ridging” or “sinking.” 
When these samples were assigned to the 
intermediate or “flat” classification, it 
was found that their various hardness 
values conformed nicely to intermediate 
positions in the charts. It should, 
therefore, be emphasized that the prin- 
cipal purpose of these charts, in their 
present state of development, is to 
reduce the large conversion errors which 


are often made when conventional single 
line conversion relationships are used. 
For this purpose it is necessary to 
observe whether the indentations are 
clearly of the “sinking” (rounded edge) 
or “ridging” (sharp edge) type, or to 
know whether the material is in the soft 
annealed (rounded edge) or hard-worked 
(sharp edge) state. 

As Messrs. Arnold, Lysaght, and 
Kenyon have pointed out, the ultimate 
goal should be specialized conversion 
relationships for each different material. 
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ROUND-TABLE DISCUSSION ON ORGANIZING THE CLASSIFICATION 
OF INDUSTRIAL WATERS 


That the whole subject of industrial 
water chemistry still partakes of the mys- 
tery of alchemy to the minds of many 
engineers is evident from the current 
approach of otherwise well-trained engi- 
neers to the problem. About a year 
ago the author attended a meeting in 
which the application of organic chemi- 
cals in boiler water treatment was being 
considered. The engineers involved 
were fully convinced that potato peelings 
or similar waste could be thrown into the 
water to produce any and all effects pro- 
duced by quebracho, cutch, or other care- 
fully prepared treatments. They had 
no idea that water treatment for boilers 
could be precisely prescribed and accu- 
rately controlled. 

This incident might be dismissed with 
the simple statement that the individuals 
were ill-informed, except that able execu- 
tives and engineers of some of the large 
industrial organizations follow similar 
reasoning. This is evidenced by the in- 
stallation in some fairly large boilers of 
devices and equipment which have no 
chance of being successful in preventing 
scale, corrosion, or other operating 
difficulties. 

It is a distinct responsibility of the wa- 
ter chemist to remove, in so far as 


1 Published by permission of the Director, U.S. Bureau 

if Mines, Washington 

2 Assistant Chief, Fuels and Explosives Service, U.S. 
Bureau of Mines. 
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possible, the mystery surrounding water 
treatment and to tell his story in simple, 
standardized language. Through AS. 
T.M. Committee D-19 on Water for 
Industrial Uses, methods have been 
developed for standards or tentative 
standards for sampling and analyzing 
industrial waters and for reporting the 
results. A basis has thus been estab- 
lished for determining and recording the 
characteristics of water in common 
terms. Obviously standards for the 
interpretation of these characteristics in 
terms of usability and performance 
would be a most desirable next step. 
This Round ‘Table Discussion will 
show one way in which classification 
may be achieved. 

In the work on classification of Sub- 
committee V of Committee D-19 a 
broad-scale educational program on wa- 
ter treatment is not planned, although 
there is obviously a need for it. The 
work of this subcommittee is intended, 
rather, to develop a method of classifica- 
tion that will impart real meaning to 
reported water analysis and form a basis 
for judging how an unfamiliar water can 
be used in a given industrial application. 

The members of the committee are 
fully aware that the problem is not one 
to be approached lightly. In fact, this 
whole general discussion is a trial balloon 
to determine how well even this prelimi- 
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nary attempt at classification will be 
received. It is hoped that discussion 
from the floor will show whether the 
difficulties can be surmounted. A suit- 
able method of classification would be 
as useful as the water analysis itself. 


METHODS OF CLASSIFYING WATERS 


Some methods of classifying waters 
are much older than methods of water 
analysis. Doubtless the distinction be- 
tween fresh and salt water was made 
long before the advent of even rudi- 
mentary chemical methods. Again, and 
at a much later time, fresh waters were 
broken down into hard and soft water, 
largely on the basis of the way they be- 
haved with soap. At this point, the 
development of methods of classifying 
water for general use seemed to stop, in 
contrast to the steady improvement and 
refinement of methods for its chemical 
analysis. As a more thorough knowl- 
edge of the nature of the water was built 
up, there arose a corresponding awe of 
the many and complex factors that 
entered into the effects it created. 

As a matter of fact, however, the de- 
velopment of methods for classifying 
water did not stop, but branched off and 
became highly specialized, each industry 
developing a body of ideas applicable to 
its own water problems. Within each 
field, specialists arose whose experience 
enabled them to judge from the chemical 
analysis whether the water was suitable 
or could readily be made suitable for a 
given industrial use. The development 
of their ideas, improvements in methods 
of treatment, and the growth of knowl- 
edge in particular branches of water 
treatment are the subject of many papers 
in the literature. This material is of 
great value, but it is frequently scattered, 
and a bare beginning has been made 
toward assembling it into a useful form 
for those who are not specialists. 

Some of the earliest attempts at classi- 


fication were made in connection with 
the work of the Geological Survey on 
water supplies. In 1908, a formula for 
classification was devised by Stabler* 
which was used extensively by the Sur- 
vey. In 1911, Palmer* suggested a 
classification for natural waters based on 
the percentage of total cation and anion 
groups in the water. From this was de- 
rived a character formula for the water. 
In 1923, Collins’ further developed the 
use of graphic presentation of water 
analysis based on charts or diagrams in 
which the various constituents were in- 
dicated by different colors and _ their 
quantity in equivalents per million by 
the length of the bars representing them. 
This idea permitted a simple and effec- 
tive comparison of natural water analysis 
by inspection of the charts. 

Other proposals have been made more 
recently that permit calculation of the 
quantity of softening chemicals needed 
for lime-soda softeners.6 This might be 
considered as a method of classification 
in so far as a particular scheme of water 
treatment is concerned. The early 
method suggested by Palmer‘ also forms 
the basis for a later development for 
classifying irrigation waters.’ In this 
case the water is not only broken down 
into certain cation and anion groups but 
is further subdivided on the basis of 
specific concentrations of certain ions. 
Langelier and Ludwig® have added ma- 
terially to the earlier ideas of. classifica- 


3 Herman Stabler, “The Industrial Application of 
Water Aastysia, ” Engineering News, Vol. 60, p. 355 (1908). 
See also U. S. Geological Survey W ater Supp y, Paper no. 
274 (1911). 

* Chase Palmer, ‘“The Geochemical Interpretation of 
Water Analysis,” Geological Survey, Bulletin 479 (1911). 

SW. D. Collins, “Graphic Representation of Water 

Analysis,” Ind. Eng. Chem., Vol. 15, p. 394 (1923). Seealso 

D. Collins, “Natural Waters Available for Industrial 

Use" Chemical and Engineering News, Vol. 21, p. 1062 
(1943). 

W. Arbatsky, ‘Graphical Calculation of Softening 

ye itions of Water,’”’ Gas- und Wasserfach, 83; 90, 116 

40). 

7R.A. Hill, ‘Salts in Irrigation Water,’’ Proceedings, 
Am. Soc. Civil Engrs., Vol. 67, p. 975 (1941). 

sw. F. Langelier and H. F. L udwig, ‘Graphical 
Methods for Indicating the Mineral Character of Natural 
Waters,”’ Journal, American Water Works Assn., Vol. 34, 
p. 335 (1942). 
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tion by simplifying the terminology and 
developing more accurate methods of 
plotting. The procedures that they pro- 
pose are aimed particularly at obtaining 
a character formula for a water based on 
its carbonate hardness and alkalinity. 
It is not the purpose of the papers in 
this Round-Table Discussion to con- 
sider in detail these earlier methods of 
classification, for in general they were 
developed to cover much more limited 
fields than the one now in view. At the 
same time, they often demand extensive 
calculation and methods of plotting 
which are useful primarily to specialists 
in water treatment. In undertaking this 
work, the Subcommittee on Classifica- 
tion, of Committee D-19, hopes to de- 
velop a method which can be readily 
understood by most engineers, which is 
applicable to all industrial uses of water, 
and which will help water specialists to 
record and classify their experience. It 
is anticipated that the method developed 
upon this basis probably may be less 
definite than most of those already sug- 
gested, but that its simplicity and gen- 
eral applicability will make it much more 
useful. 


CLASSIFICATION BY COMPARING 
CHEMICAL ANALYSIS 


For industrial purposes, the composi- 
tion of natural water represented by the 
formula H,O may be considered the same 
inder all conditions. In the strictest 
chemical sense, water can consist of 
molecules made up from 1 to 6 units of 
H,0O, and it can contain various isotopes 
of hydrogen or oxygen, but these differ- 
ences are normally unimportant. The 
impurities in the water alone determine 
the suitability of a given natural water 
for an industrial process. The classi- 
fication of the water then depends on the 
character and amount of impurities that 
it contains. These will vary from less 
than 0.003 per cent, by weight, dissolved 
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solids for some natural water up to 3.5 
per cent for ocean water. Very few 
natural waters contain more dissolved 
solids than océan water, although indus- 
trial solutions frequently contain much 
higher concentrations. 

Both the character and the amount of 
impurities are measured by chemical 
analysis. An over-all measure of the 
amount can be obtained by evaporation 
and driving off the water as steam and 
simply weighing the deposit of solid that 
remains. If the water was clear at the 
start, the result should furnish a rough 
measure of the amount of impurities. 
However, this value by itself does not 
distinguish between impurities and, 
hence, tells little. Individual constitu- 
ents can be determined by chemical pro- 
cedures that isolate and measure each 
one. Although most waters contain a 
large number of such constituents, for 
most industrial purposes it is only neces- 
sary to be concerned with a few, and in 
many instances only three or four. De- 
tailed methods already reported by Com- 
mittee D-19 are available for these 
analyses. 

Owing to the nature of the chemical 
methods that are used, the substances 
that are determined are generally ions 
and not salts or chemical compounds, 
For instance, in a water that contains 
sodium chloride (NaCl or common salt) 
there would be two determinations, one 
for sodium and one for chloride. Where 
more impurities are present in the water, 
it may be necessary to determine 8 or 10 
individual ions. From the results it is 
impossible to tell how these ions were 
linked or whether they were linked at all 
when they were present in the water, It 
is furthermore undesirable to attempt to 
make such hypothetical combinations 
for a complex solution. The same 


water, evaporated at two different boiler 
pressures, may deposit salts that are 
To 
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representation inherent in hypothetical 
combinations, it is usually desirable for 
the chemist to report the material which 
he actually determines in the ionic form.* 
Ions such as calcium (Ca), magnesium 
(Mg), sodium (Na), iron (Fe), carbonate 
(COs), hydroxide (OH), phosphate (PO,), 
sulfate (SO,), and chloride (Cl) are often 
very important in water analysis. The 
authors of the several papers in this dis- 
cussion will point out how these ions 
behave in the industrial processes under 
consideration and, if the effect is detri- 
mental, what methods of water treat- 
ment may be used to overcome it. 
Results of chemical analysis for gases 
in water are not reported in ionic form. 
The analysis usually represents gases 
dissolved in the water, and they are so 
reported. Oxygen, carbon dioxide, hy- 
drogen sulfide, chlorine, and hydrogen 
are types of gases that may exert marked 
effects in industrial processes. The 
reputation that dissolved oxygen has 
earned as a promoter of destructive types 
of corrosion is so well deserved and so 
universally known that it forms the 
background for much of the thinking on 
corrosion problems in atmospheres of 
water vapor, or in water. Results for 
dissolved gases are not reported in the 
analyses of water samples which are used 
as a basis of classification in the papers 
in this Discussion. The gas content of 
natural waters is not fixed, but depends 
on the temperature, pressure, and other 
conditions of the sample at the moment. 
As a result, the gas analysis is generally 
significant only when it measures the 
volume and character of the gas as it 
actually exists in the water during the 
process. 
Chemical tests are sometimes made for 
other constituents, such as organic mat- 
Standard Method of Reporting Results of 


Industrial Waters (D 596-41), 1942 Book of A.S.T 
Standards, Part III, p. 814. 
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ter, silica, and oily matter. Their com- 
position is frequently unknown, and, in 
other cases, interpretation of their deter- 
mination is uncertain. Methods of re- 
porting these analyses are therefore 
arbitrary, but for comparative purposes 
they have value. 

These procedures for determining and 
reporting the impurities in water form a 
basis for the development of methods of 
classification. It is not believed that 
classification by formulas or graphs 
could as yet be developed for application 
to the wide variety of uses for water in 
industrial processes. Such methods 
would usually be more difficult to under- 
stand and to use than the original 
analytical data of the sample. 

Most specialists in water treatment 
judge the suitability of a water for a 
given industrial process by comparing 
its analysis with the analysis of other 
waters whose behavior in the process is 
known. Broad experience makes it pos- 
sible to do this accurately to predict the 
suitability of the unknown water. This 
process is extremely flexible, and yet it 
can serve as a means for greatly increas- 
ing the usefulness of water analysis even 
to the layman. 

On this basis, the problem of classifica- 
tion resolves itself into writing down, in 
a simple and systematic form, the experi- 
ence and knowledge that have been 
accumulated on treating water for vari- 
ous industrial purposes. As a first step, 
nine waters have been selected as a cross- 
section of the natural waters normally 
encountered in this country. ‘The water- 
treatment specialists who have prepared 
the papers for this Round ‘Table discus- 
sion will describe as concisely as possible 
the way each of these nine samples would 
be expected to act in certain applica- 
tions. So far as possible, they will indi- 
cate the basic chemistry that guides their 


thinking and emphasize the ions or con- 
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stituents that have the most important 
effect in the industrial processes under 
consideration. The nature of the treat- 
ment that may improve these waters for 
a given use will also be pointed out. 

A water identified solely by its chemi- 
cal analysis may then be classified by 
comparing its mineral content with the 
analysis of the nine standard samples." 
It can be assigned a number indicating 
that its properties are relatively close to 
those of one of the standards, or it may 
indicated as falling between two of the 
samples. The classification must take 
into account the process in which the 
water is used, for certain constituents 
will have different weight in different 
processes. The same water can thus 
fall into different classes depending on 
its use. This does not seem to, be an 
important defect in the scheme, for 
identification of the intended field of use 
must always be considered as the first 
step in classification. 

Application of the method of classifica- 
tion throughout this discussion is con- 
fined to the use and treatment of natural 
waters for industrial processes. No at- 
tempt has been made to extend the 
method to special waters, such as the 
concentrated brines that are used in some 
processes. 

The first paper in the symposium, by 
W. D. Collins, is concerned with the 
selection of the water samples that are 
the basis for classification. He shows 
why these samples were selected and 
suggest others that it may be desirable 
to include in the group. He also dis- 
cusses other constituents of the water, 
not shown in the table of analysis, which 
are important. 


© Committee D-19 has also considered a method of 
classification which is not based on the chemical analysis 
but instead on tests to determine the actual behavior of 
the water. Where well developed tests are available, this 
method can be useful, but its scope is still relatively 
limited. In many cases, however, tests to determine the 
behavior of the water are ‘of gre at assistance in interpreting 
the water analysis. 


The second paper, by L. B. Miller, is 
concerned with water used in paper 
manufacture. Since this field is too 
large to be covered adequately in a single 
relatively short paper, his discussion is 
confined primarily to the use of water in 
the single phase of paper manufacture. 
He indicates how and why certain con- 
stituents of the water have a marked 
effect on the process. This is the 
groundwork for pointing out the effect 
of the individual samples. 

The third paper, by J. A. Holmes, dis- 
cusses the use of the waters represented 
by these nine samples as feedwater for 
boilers operating between 100 and 400 
psi. He discusses when and why certain 
constituents form scale and others sludge, 
those substances that tend to cause 
corrosion, and what can be done about it. 
The paper succinctly presents the story 
of each of the waters as feedwater for 
low-pressure boilers (up to 400 psi.) and 
summarizes the effect of various methods 
of water treatment. 

The final paper, by R. E. Hall, relates 
to the use of the waters represented by 
these samples as feedwater for boilers 
operating above 400 psi. As the pres- 
sure increases, feedwater requirements 
become more stringent, particularly 
above 800 psi. Evaporated make-up is 
used for practically all boilers operating 
above 1000 psi., and even evaporated 
water is given some treatment for boiler 
use. Mr. Hall outlines the special 
problems that would be encountered for 
each of the nine waters in the operation 
of high-pressure boilers. 

The four papers in this Round Table 
Discussion are, of course, only the be- 
ginning of application of this method of 
classification to industrial waters. If 
this initial work indicates that the 
method offers a useful tool for expressing 
the meaning of a water analysis in lan- 
guage understandable to layman and 
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specialist alike, it will be extended to 
cover other industrial uses of water. 
The members of the committee are ask- 
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on the method which is being tried; papers. 


[See General Discussion, p. 1082.---Ed.] 
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second, on the water samples so far se- 
lected as a basis of classification; and, 
third, on the application of the method in 
ing for your discussion and advice, first, the industries discussed in the individual — 
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TYPICAL WATER ANALYSES FOR 


For the purposes of the discussion that 
is to follow, water analyses given in 
Table I were selected as typical of waters 
that are encountered in the operation of 
industrial establishments in the United 
States. 

Analyses Nos. 1, 3, 5, 6,and 7 make up 
a table of typical analyses that is dis- 
tributed by the U. S. Geological Survey 
in correspondence relating to the com- 
position of natural waters. Together 
they represent roughly the composition 
of public water supplies used by about 
45 per cent of the total population of the 
cities in the United States that have 
more than 20,000 inhabitants. 

To the five Geological Survey typical 
analyses it seemed desirable to add No. 2 
of Table I to represent a highly colored 
water of low mineral content such as is 
found in swampy areas, especially in the 
southeastern coastal area. Analysis No. 
4 was added to represent water with 
hardness intermediate between the water 
of the Great Lakes (No. 3) and the hard 
ground waters represented by No. 5. 
Analysis No. 8 was added to represent 
the waters much harder than No. 6 that 
are used for some public and private 
supplies. Analysis No. 9, ocean water, 
was added because it is used largely for 
condensers on ships and by some plants 
located by the ocean. 

Table I was prepared early in the 
formulation of the program for this 


1Published by permission of the Director, U. S. 
Survey. 
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Round Table Discussion. Table II gives 
some analyses that have been suggested 
as additions to Table I or possibly as 
substitutes for some of the analyses in 
Table I. 

Analysis A in Table II is submitted as 
a typical water of low mineral content 
that carries in solution an excessive 
amount of iron. Water of this character 
is found in many wells in the Atlantic 
Coastal Plain. Some of these wells 
supply water that is less hard than the 
water represented by analysis A. Ex- 
cept for the iron, these waters are similar 
to No. 1 in Table I in their content of 
dissolved mineral matter. 

A review of the individual analyses of 
which No. 4 in Table I is the average 
suggests that the silica reported is too 
high. The analyses represent a river 
water that usually carries a large amount 
of suspended matter. Much of the time 
a considerable proportion of the sus- 
pended matter is very fine and difficult 
to filter out. It seems likely that some 
of the individual analyses include silica 
from suspended matter that was not re- 
moved by filtration. Analysis B in 
Table II is probably more representative 
of the most widely used waters with hard- 
ness intermediate between the hardness 
of Nos. 3 and 5. 

There is a class of waters that carries 
in solution more silica than is reported in 
Analysis No. 4 of Table I. Analyses C 
and D in Table II are representative of 
the waters that carry in solution between 
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40 and 50 ppm. of silica. Most of these 
waters of high-silica content are sodium 
bicarbonate waters. 

The analyses in Tables I and II, except 
for No. 2 in Table I, show only the ordi- 
nary dissolved solids. They do not in- 
clude dissolved gases and other proper- 
ties that may have more effect than the 
dissolved solids on the industrial value 


TABLE I.—TYPICAL ANALYSES OF SURFACE 
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The hydrogen-ion concentration meas- 
ured by the pH value is probably, next 
to hardness, the characteristic of a water 
supply in which there is the most interest. 
Waters that could be represented by al- 
most any of the analyses in the table 
might have a pH from 5 to 8. In gen- 
eral, however, the lower pH is associated 
with the waters of low mineral content 


AND GROUND WATERS. 


Analy- | Analy- | Analy- an Analy- | Analy- | Analy- | Analy- | Analy- 
sis sis | sis No-4 sis sis sis sis sis 
No.1 | No.2 | No.3 | y | No.5 | No.6 No.7 | No.8 | No.9 
PARTS PER MILLION 
day 2.4 6.0 12.0 37.0 10.0 9.4 22.0 14.0 
0.14 0.01 0.02 0.73 0.09 0.2 0.08 1.8 
Calcium (Ca)........... 5.8 5.3 36.0 62.0 92.0 96.0 3.0 155.0 420 
Magnesium (Mg) 1.4 1.7 8.1 18.0 34.0 27.0 2.4 46.0 | 1300 
Sodium (Na)... 1.7 5.7 6.5 44 J} 8.2 183.0 215.0 78.0 | 10710 
Potassium (K) : 0.7 1.4 Dom \ 1.4 18.0 9.8 2.6 | 390 
Bicarbonate ite Os). 14.0 13.0 119.0 202.0 339.0 334.0 549.0 210.0 | 150 
Sulfate (SOx)... : 9.7 2.3 22.0 135.0 84.0 121.0 | 11.0 389.0 2 690 
Chloride (C1).... 2.0 10.0 13.0 13.0 9.6 | 280.0 22.0 | 117.0 | 19350 
Dissolved solids.................... 31.0 66.0 165.0 426.0 434.0 | 983.0 564.9 948.0 35 000 
Total hardness as CaCOs......... 20.0 20.0 | 123.0 229.0 369.0 | 351.0 | 17.0 576 eile 
EQUIVALENTS PER MILLION 
0.29| 0.26| 1.80{ 3.09 | 4.59! 4.79| 0.15] 7.74 
Magnesium (Mg) pavtheradipesuuedcs | 0.12 0.14 0.67 | 1.48 2.80 2.22 0.20 3.78 
| 0.07 0.25 0.28 |\ 1.91 0.36 7.96 9.35 3.39 
Potassium (K).. 0.02 0.03 0.03 |f 0.46 0.25 0.07 
0.50 0.68 2.78 6.48 7.79 15.43 9.95 14.98 
Bicarbonate (HCOs)............... 0.23} 0.21] 1.95 3.31 | 5.56] 5.47] 9.00] 3.44 
"err 0.20 0.05 0.46 2.81 | 1.75 2.52 0.23 8.10 ee 
0.06 0.28 0.37 0.37 0.27 7.90 0.62 3.30 
Nitrate (NOs).. 0.01 0.00 0.00 0.04 0.21 0.00 0.01 0.05 eee 
Total anions. 0.50| 0.54] 2.78 6.53 | 7.79| 15.89] 9.86 | 14.89 
Analysis No. 1—Catskill, supply of New York City. iq 
Analysis No. 2—Black C reek, Middleburg, Fla. Sinem water containing organic material). 
Analysis No. 3—Niagara River, filtered for public supply of Niagara Falls, N.Y d 
Analysis No. 4—Untreated Missouri River water- -average. 
Analysis No. 5—Wells 30 to 60 ft. deep used for feu supply of Dayton, Ohio. “ 
Analysis No. 6—Well 2,090 ft. deep used for public ead of Maywood, rll. —_ 


Analysis No. 7— Well 330 ft. deep at Smithfield, V 


Analysis No. 9—Ocean water—average. 


of a water. The content of gases may 
be variable for water from a given source. 
Waters almost identical in general chemi- 
cal character may have very different 
amounts of dissolved gases, color, or sus- 
pended matter. Therefore it has seemed 
necessary to discuss these characteristics 
separately instead of trying to include 
them in individual analyses. 
ydrogen-Ion Concentration 


(pH). — 


Analysis No. 8—Wells 250 to 400 ft. deep, Reowell, N. Mex. 


like No. 1, No. 2, and A. The sodium 
bicarbonate waters like C and D are 
likely to have a pH around 8 or even 
higher. 

Carbon Dioxide—The free carbon 
dioxide in a water is usually the largest 
factor in determining the pH. Any of 
the waters shown may have either low 
or high content of free carbon dioxide. 
In general the waters low in dissolved 
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mineral matter like No. 1, No. 2, and A 
have proportionally higher content of 
free carbon dioxide than the harder wa- 
ters. The sodium bicarbonate waters, 
C and D, often contain no free carbon 
dioxide. 

Hydrogen Sulfide——Almost any water 
may carry in solution appreciable 
amounts of hydrogen sulfide. The pres- 


TABLE II.—ANALYSES OF WELL WATERS. 


Analy- |Analy-| Analy- |Analy- 
sis A | sis sisC | sisD 
Date of collection ...... 4/25/32 5/4/38 | 8/25/43 
‘Parts PER Mintion—Excert pH 
Silica (SiO). 18 is | 4 | 
26 0.25) 03 0.03 
Magnesium (Mg) 20 0.4 0.8 


Sodium (Na) 
Potassium (K).......... 
Bicarbonate (HCOs) . 4 

1 


Sulfate (SOs). .......... 54 1.0 1.0 
2.0 3.8 14 36 
Nitrate (NOs). . 0 1.8 0 0 
Total dissolved solids ..| 107 277 335 680 
Total hardness as CaCOs| 42 240 4.5 14 


Equivate: NTS PER 


Calcium (Ca)........... 0.49] 3.1 4| 0.06| 0.20 
0.35 1.64 64) 0.03 0.07 
Sodium (Na)............ 0.10} =0.31)) 
Potassium (K).......... 0.07; 0.05|f 5:25 | 11.64 
Total cations......... 1.01 5.14) 5.34 11.91 
Bicarbonate (HCOs)... . 0.72) 3.72) 4.87 10.75 
Sulfate (SOs). .......... 0.23 1.12) 0.02 0.02 
0.06) 0.11 6.39 1.02 
Nitrate (NOz).... 0 0.03 0 0 
Total anions 1.01 4.98) 5.34 11.91 


= Includes equivalent of 6.9 ppm. of COs. 
-Well No.1. Water Department, Annapo- 
is, Mc 

Analysis B—Well 105 ft. 
supply, Mansfield, O. 

Analysis C—Well No. 5, Alexandria, La. 996 ft. deep, 
12 in. diameter. 


deep, part of municipal 


Analysis D—Well No. 6, Alexandria, La. 448 ft. deep, 


12 in. diameter. 


ence of this gas may be the most impor- 
tant chemical characteristic of a water 
from the industrial viewpoint. Many 
waters high in hydrogen sulfide are ex- 
ceedingly corrosive. 

Oxygen.—The oxygen content of water 
may be anything from zero to satura- 
tion, or beyond. Its amount may be a 
large factor in the value of a water and 
in the cost of its treatment. There is no 
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necessary relation between the oxygen 
content and the content of solid mineral 
constituents. 

Color—Although Analysis No. 2 of 
Table I was included because of the high 
color, it is possible to have waters of al- 
most any composition with almost any 
amount of color, In general, however, 
the highly colored natural waters are low 
in mineral content. There are hard wa- 
ters in southern Florida that are highly 
colored. In Mississippi and other States 
in the Central Plain there are sodium bi- 
carbonate waters like C and D in Table 
II that are highly colored. In other 


TABLE III.—APPROXIMATE NUMBER OF CON- 
SUMERS IN LARGE CITIES SERVED WITH 
WATER OF THE GENERAL CHARACTER SHOWN 
BY TYPICAL ANALYSES IN TABLES I AND II. 


Dissolved Consumers 

Analysis Solids, 

ppm. — Per cent 
20 31) 37.68 

No.2... 20 | 11484 

42 107 31 0.10 
ae 123 165 13 075 42.91 
229 426 2 206 7.24 
6 240 277 1172 3.85 
No. 5 369 434 1731 5.68 
No. 6....... 351 983 206 0.87 
he: 8..... 576 948 270 0.89 
a 17 564 16 0.05 
_ ae 4.5 335 216 0.71 
D 14 680 0.02 
30 472 100.00 


parts of the country are well waters that 
have picked up considerable color from 
lignite and other carbonaceous material 
in the formations from which the waters 
are obtained. 

Suspended Sediment.—The tables of 
typical analyses give no results for sus- 
pended matter, although this may be the 
determining factor in the evaluation of a 
source of water supply. ‘The amount of 
suspended matter in well waters is nor- 
mally vanishingly small. The amount 
in a surface water may be from nearly 
zero up to almost 1 per cent by weight 
for many streams and up to 10 or 15 per 
cent at times in very muddy streams, — 
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In an effort to make a rough estimate 
of the relative use of the different types 
of water, excepting ocean water, the 
waters used for the public supplies 
of about 56,700,000 consumers were 
checked against the analyses in Tables I 
and II, mainly on the basis of hardness 
and dissolved solids. ‘The results shown 
in Table III account for about 53 per 
cent of the consumers in the larger cities 
of the United States. Omitted from 
Table III are fairly large groups served 


RounpD-TABLE DISCUSSION ON 


CLASSIFICATION OF WATER 


with water having hardness from 50 to 
60 ppm., from 90 to 110, and from 150 to 
160. For practical purposes _ these 
groups could probably be included with 
one or another of the groups represented 
by the typical analyses shown in Tables 
I and IJ. For the consideration of in- 
dustrial value and treatment require- 
ments some of the typical analyses 
might be combined, as will appear in 
other papers of this Round Table Dis- 
cussion. 


General Discussion, p. 1082.—Ed.| 
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THE USE OF SELECTED WATERS IN PULP AND PAPER 
| MANUFACTURE 


‘The purpose of this paper is to discuss 
the use of certain natural waters as 
process waters in the manufacture of pulp 
and paper products. These selected 
waters have been chosen by Committee 
D-19 as representative of natural waters 
of the United States which are used for 
industrial purposes. 

The analyses of the selected 10 waters 
are limited to certain inorganic constit- 
uents. These are pertinent to the use 
of these waters as process waters for the 
manufacture of pulp and paper; in some 
cases these constituents are very impor- 
tant and determine the types of paper 
or pulp which may be manufactured 
through their use. Certain other char- 
acteristics of the water, in addition to 
those inorganic constituents which are 
presented, are of greater or less impor- 
tance in determining the suitability of a 
given water source for the manufacture 
of pulp and paper products. Some of 
those properties which are of major 
importance, particularly in the manu- 
facture of high-grade pulp and paper 
products, are the following: 

1. Color.—Color in water may be due 
to natural organic materials such as are 
present in swamp water, to colored in- 
dustrial wastes such as dyes, etc., or to 
wastes such as emanate from the manu- 
facture of certain explosives. Most of 
these materials, if present in appreciable 
amounts, will affect the brightness and 
color of bleached pulp or paper products. 


? Chemical Engineer, Consulting Div., W. H. & L. D. 
Betz, Philadelphia, Pa., Chairman, Water Committee, 
Technical Association of the Pulp and Paper Industry. 


In general, in the manufacture of high- 


grade pulp and paper products, waters 
which contain color in excess of 5, ex- 
pressed in platinum units, are considered 
undesirable for such use. 

2. Organic Plant Growths.—The pres- 
ence of such materials as sticks, bark, 
and leaves interfere in the manufacture 
of the higher grades of pulp and paper, 
and steps are ordinarily taken to remove 
such substances before the water is used 
in the manufacturing process. Growths 
of aquatic plants in natural waters above 
or near the intake of manufacturing 
plants frequently interfere with operation 
by breaking off and floating into the 
intake where they may become entangled 
in the pumping machinery or become 
shredded in such equipment and pass on 
to the process water. Heavy growths of 
algae may be undesirable for somewhat 
similar reasons. 

3. Industrial Wastes.—Industrial 
wastes discharged to a natural water 
supply above the intake of a pulp or 
paper plant are frequently undesirable. 
Such wastes may be of an almost infinite 
variety, their effects upon the manu- 
facturing operations may be equally 
diverse, water treatment required to 
neutralize their effects is greatly varied, 
so that the presence of such wastes in a 
process water supply forms an individual 
problem. Secondary effects also arise 
from the presence of such wastes as may 
serve as a food supply for prolific growths 
of bacteria which may give rise to the 
development of slime in subsequent 
paper manufacturing operations, 


t 
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4. Water Temperature-—Water tem- 
perature is of significance in the manu- 
facture of paper products in that it 
affects machine operation and certain 
chemical reactions which occur in the 
paper making operation. 

5. Turbidity——Inorganic or organic 
constituents suspended in water in the 
form of turbidity affect the color and 
brightness of fine papers. The specific 
nature of the suspended materials un- 
doubtedly determines to some extent the 
degree of turbidity permissible in the 
manufacture of any specific grade of fine 
paper; thus culm from the anthracite 
coal regions would probably be more 
deleterious than a light-colored silica or 
clay in process water. In general, 10 
ppm. of turbidity is considered the upper 
limit of turbidity for process water. 
Many cases will occur where a lower 
limit for turbidity should be specified. 

6. Inorganic Constituents in Addition 
to Those Cited in the Analyses.—At least 
two other inorganic constituents of the 
water used in pulp and paper are of 
considerable significance; these are the 
manganese content of the water and its 
hydrogen ion concentration or pH value. 
Manganese is a more or less common 
constituent of process waters and, of 
course, every water possesses a pH value. 
Other inorganic constituents such as 
sulfides, heavy metals, etc., which are 
not commonly found in appreciable 
quantities in raw waters, may be of con- 
siderable importance in special cases in 
paper manufacture where these sub- 
stances are present in appreciable quan- 
tities. 

These brief remarks will serve to indi- 
cate that certain constituents and prop- 
erties of the water supply, in addition to 
those constituents chosen for describing 
the properties of the ten selected waters 
in Mr. Collins’ paper, are of importance 
and sometimes of major importance in 
the manufacture of pulp and paper. 
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Water Quality Required for Manufacture 
of Pulp and Paper Products: 


Considering the water quality require- 
ments for the pulp and paper industry 
as a whole is almost comparable to con- 
sidering water quality requirements for 
all types of industry, since the quality of 
water required for the manufacture of 
different grades of pulp and paper varies 
in the most extreme manner. Thus, in 
the processing of certain low-grade pulps, 
or perhaps these should be more correctly 
designated as wood fibrous products, and 
of low-grade papers such as asphalt 
roofing felts, quality requirements for 
process water are comparatively low. 
At the other extreme, is the quality 
requirement for process water used in 
the manufacture of certain facial, ciga- 
rette, filter, photo-sensitive papers and 
electrical and condenser tissues, where 
water of a very high quality is required. 
These preliminary remarks will indicate 
that to discuss the applicability of the 
ten chosen waters to the manufacture of 
all types of pulp and paper would require 
that the numerous grades of paper now 
on the market be first divided into certain 
arbitrary groups, depending upon the 
quality of water required for their manu- 
facture, and that the applicability of the 
several selected waters be then discussed 
in relation to paper manufacture for each 
of these groups. A similar service would 
then be required for the numerous varie- 
ties of pulp. This would be a task of 
hopeless length and one which we believe 
no individual at the present time is pre- 
pared to do. By limiting the discussion 
to the quality of water required for the 
manufacture of a definite group of paper 
products, it should be possible to discuss 
the applicability of the ten selected 
waters to such use to some purpose. 


Water Quality Requirements for the Manu- 
facture of Fine Papers: 
In this connection the Water Com- 
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mittee of the Technical Association of 
the Pulp and Paper Industry? has been 
investigating for the past four years the 
quality of water required for the manu- 
facture of certain high-grade or fine 
papers such as bond, ledger, book, and 
writing papers. These investigations 
have been carried out by direct discus- 
sions with the operators of mills manu- 
facturing these papers and through the 
medium of several questionnaires sent to 
such paper mills. A large amount of 
exact information on the quality of water 
required for the manufacture of these 
papers is, therefore, available. The 
present discussion will, therefore, be 


j . . ; MILLER ON USE OF WATER IN PULP AND PAPER MANUFACTURE 1063 


TABLE I.—TYPICAL ANALYSES OF SURFACE AND GROUND WATERS. 


Water | Water | Water | Water | Water | Water | Water | Water | Water | Water 
No.1 | No.2 | No.3 | No. No. 5 | No.6 | No. 0. 8 No.9 | No. 10 
| 

ee 2.4 6.0 12.0 37.0 10.0 9.4 22.0 14.0 17.5 
0.14 0.01 0.02 0.73 0.09 0.2 0.08 1.8 27.1 
C4. 5.8 $3 36.0 62.0 92.0 96 3.0 155.0 420.0 10.6 
Magnesium as Mg..........| 1.4 3 8.1 18.0 34.0 27 2.4 46.0 1 300 5.0 
Potassium asK .......... 0.7 1.4 1.2 1.4 18 9.8 2.6 390 i 
Bicarbonate as HCO; 14.0 13.0 119.0 202 339 334 549.0 210.0 150 37 
Sulfate as SO, Pre eS 2.3 22.0 135 84 121 11.0 389.0 2 690 43 
Corereee a6. Ch..............4 2.0 10.0 13.0 13 9.6 | 280 22.0 | 117.0 | 19 350 Trace 
Nitrate as NO3..... 0.54 0.1 13.0 0.2 0.52 3.4 
ae dissolved solids.......| 31 66 | 165 426 434 | 983 564.0 948.0 35 000 126 
Total hardness as CaCOs...| 20 20 123 229 369 351.0 17.0 576 ~ 
pH of saturation at 60 F.. 9.4 9.5 8.0 7.3 7.8 7.3 8.4 7.3 9.0 


book, and writing papers is not as exact- 
ing as that required for the manufacture 
of filter, photo-sensitive, electrical and 
condenser papers, etc., but the quality 
requirement is considerably higher than 


for most types of papers. 


Discussion of the Selected Waters: 


The analyses of the ten selected surface 
and ground waters are presented in 
Table I taken from Mr. Collins’ paper.’ 
In addition, the pH of saturation (pHs) 
as calculated by the Langelier formula, 
is given for each of the selected waters. 

For reasons of clarity and conciseness, 
the writer has chosen to discuss the 


limited to a consideration of the appli- 
cability of the ten selected waters to the 
manufacture of such high-grade papers. 
To further clarify the discussion, it 
should be remarked that the quality of 
water required for the manufacture of 
high-grade papers such as bond, ledger, 


2 The Water Committee of the Technical Association 
¢ the Pulp and Paper Industry has the following member- 
ship: 

L. B. Miller, Chairman 

C. M. Connor, Glassine Paper Co. 

Miss L. E. McGrath, Booth Chemical Co. 

R. B. Martin, Wallace and Tiernan Co. 

W. F. Mitchell, Pennsylvania Salt Mfg. Co. 

J. G, Patrick, West Virginia Pulp and Paper Co. 

E. N. Poor, American Cyanamid & Chemical Co. 

The Water Committee has also received extensive assist- 
ance in the course of these investigations from R. G. Mac- 
donald, Secretary of the Technical Association of the Pulp 
and Paper Industry, Richard Bingham, Assistant to the 
Secretary, and Vincent F. Waters, formerly Assistant to 
€ = and now Editor, Southern Pulp and Paper 
Journal. 


All values expressed in parts per million except pH and color. 


effects of each constituent of water upon 
the manufacture of high-grade papers, 
and to apply the principles thus presented 
to the cases of the individual waters, 
rather than to discuss at length the effects 
of each constituent in the case of each 
water, 


Effect of Silica: 


In general, soluble silica in the quanti- 
ties encountered in process waters is of 
minor importance in the manufacture of 
high-grade papers. It is well known that 
soluble silica, if present in sufficient con- 
centrations, will impart a quality desig- 


3W. D. Collins, ‘Typical Water Analyses for Classifi- 
cation with Reference to Industrial Use,” see p. 1057 
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nated as “‘tinniness” to papers, which in 
most cases is considered undesirable. It 
seems doubtful that the concentrations 
of soluble silica encountered in the sev- 
eral selected waters would have any 
great effect upon this property of the 
paper. (It may be added parenthetically 
that soluble silica in quantities such as 
are encountered in some of the waters 
under discussion has been found to have 
a definitely deleterious effect when such 
waters are used for washing certain types 
of pulp. Under these conditions and 
with the water used, the silica appears 
to coagulate and adsorb on the pulp and 
cannot be washed out. An undesirable 
increase in the ash content of the pulp 
occurs.) 


Chloride Content: 


In the manufacture of the high-grade 
papers indicated, the chloride content of 
the paper is ordinarily of little signifi- 
cance, except as it affects the total dis- 
solved solids content of the water. This 
statement is intended to refer to the 
effect of the chloride upon the quality of 
paper itself. High chloride content of 
water does have a marked effect upon 
paper manufacture because of its cor- 
_ rosive effect and because of the accelerat- 
ing effect which it has upon electrolytic 
corrosion of the metal parts of the paper 
machine. This is particularly marked 
and particularly undesirable in the case 
of cylinder mold and Fourdrinier wires 
upon which formation of the paper sheets 
takes place. These corrosive effects are 
observed in pitting, de-zincification, and 
fatigue cracking of the Fourdrinier wires. 
In a secondary way, this destruction of 
the wire may have its effect upon the 
quality of paper through lack of uni- 
_ formity, imperfections, etc., of the paper 
due to imperfections in the wire resulting 
from corrosion. 

Sea water as exemplified in water 
sample No. 9 and brackish waters are 
undesirable for the manufacture of papers 
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of any quality because of their corrosive 
effect, and this applies equally to high- 
quality papers. Waters such as Nos. 6 
and 8 may contain sufficient chlorides to 
have a slight effect in this way, but the 
effect would not be marked. 

It may be remarked in passing that in 
the manufacture of electrical insulating 
paper even a few parts per million of 
chloride in a process water may be very 
undesirable because of the effect upon 
the electrical properties of the resultant 


paper. 
Tron Content: 


From the standpoint of the manu- 
facture of fine papers, iron is one of the 
worst offending substances present in 
process water. Even in very small 
amounts its presence causes staining of 
the resultant paper and a decrease in 
brightness. It is generally considered 
that for the manufacture of high-grade 
papers, process water should not contain 
iron in excess of 0.1 ppm. expressed as Fe. 
Quantities of iron much in excess of that 
indicated cannot be tolerated. 

In addition to affecting the quality of 
paper directly due to its presence in the 
process water, this substance always 
presents a danger through the possible 
growth of crenothrix (iron bacteria) with 
all of its attendant undesirable features. 

Although the waters under considera- 
tion were not analyzed for manganese 
content, this element is being included 
with iron and discussed at this point 
because the effects of manganese ‘upon 
paper manufacture are very similar to 
those of iron. If anything, it is a worse 
offender than iron and it is generally 
considered that manganese present in 
process water in excess of 0.05 ppm. is 
undesirable. 


Effect of Color: 


In an earlier paragraph of this paper, 
some reference was made to color and 
its undesirable effects. In the waters 
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under consideration only water No. 2, 
which is a swamp water, has been investi- 
gated for color. For the manufacture of 
high-grade paper it is generally con- 
sidered that the water should not contain 
more than 5 units of color. Obviously, 
water No. 2 does not lend itself without 
treatment to use as process water in the 
manufacture of this type of paper. 


Nitrate: 


We have no information indicating 


that the presence of nitrate in the con- 


centrations noted in the several waters 
under discussion has an _ undesirable 
effect upon the manufacture of high- 
grade papers. 


Bromine: 


We have no information indicating 
that bromine in the form of bromide in 
process water is in itself undesirable. 
Normally, however, bromine is not pres- 
ent except in sea water or brines which 
are undesirable because of their high salt 
content. 


Sodium and Potassium: 


We have no data to indicate that the 
presence of sodium and potassium is 
particularly undesirable in the manu- 
facture of high-grade papers, except that 
their presence in quantity indicates the 
presence of a high total salt content in 
the water. The effect of high alkali 
chloride content in accelerating corrosion 
of metal parts of the paper machine and 
particularly of the costly wire upon 
which the paper is formed has been 
previously discussed. 

The presence of potassium or sodium 
salts, especially the chlorides of these 
metals, is very undesirable in the manu- 
facture of electrically resistant papers. 


Total Dissolved Solids: 


When considering the effect of total 
dissolved solids, much depends upon the 
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nature of the dissolved solids in question. 
In general, it is considered that process 
water for the manufacture of fine papers 
should not contain in excess of 200 ppm. 
of dissolved solids, even when these dis- 
solved solids are of the less objectionable 
type. Under this condition, only waters 
Nos. 1, 2, 3, and 10 would be considered 
as satisfactory from the standpoint of 
total dissolved solids content. 


Sulfate Content: 


In general, sulfate content of process 
waters is of lesser significance except as 
the sulfate content is an index of dis- 
solved solids content. Since calcium 
sulfate scale is not formed until calcium 
sulfate is present in concentrations con- 
siderably in excess of 1000 ppm., the 
specification as regards total dissolved 
solids automatically limits the content of 
sulfate far below a concentration at which 
a calcium sulfate scale may form. Sul- 
fate may therefore be considered to be of 
minor importance in process water. 


Calcium, Magnesium, and Total Hardness 
Content: 


Since the calcium, magnesium, and 
total hardness content are closely inter- 
related in thvir effects on fine paper 
manufacture, these substances will be 
discussed together. It is well known 
that many types of sizing, such as rosin 
size, react with soluble calcium and 
magnesium compounds to form slightly 
soluble rosin soaps. These rosin soaps 
are slightly soluble, sticky products which 
do not result in an appropriate sizing 
effect upon paper such as is obtained by 
the products resulting from the reaction 
of these rosin sizes with alum. The 
result is that the rosin which reacts with 
the hardness in the water is lost and 
larger quantities of the sizes are required 
in order to obtain the desired sizing 
effects upon the papers. ‘Thus, increase 
in size usage occurs, resulting in an in- 
creased manufacturing cost, and fre- 
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quently in a non-uniform sizing effect on 
the paper itself. In this connection, 
total hardness is of importance since 
both magnesium and calcium compounds 
behave similarly in this respect. 

In the terminology of the water chem- 
ist, hardness is considered to be of two 
types: carbonate hardness and non- 
carbonate hardness. If the calcium or 
magnesium present in the water is com- 
bined with the carbonate radical to form 
either soluble carbonates or bicarbonates, 
the hardness is considered to be of the 
carbonate variety. If the calcium and 
magnesium are present as soluble com- 
pounds other than carbonate or bicar- 
bonate, they are considered to be hard- 
ness of the non-carbonate variety. 

The non-carbonate type of hardness is 
undesirable, primarily because of its 
effect upon sizing, as indicated above. 
If the hardness present is of the carbonate 
variety, it may have undesirable effects 
upon paper manufacture in addition to 
the effect upon sizing. The carbonates 
and bicarbonates of magnesium are com- 
paratively soluble. On the other hand, 
the bicarbonate of calcium is fairly solu- 
ble, whereas the normal carbonate is 
highly insoluble. Consequently, with 
calcium bicarbonate present, if an in- 
crease in the pH of the water occurs due 
to the addition of an alkaline chemical 
or through loss of soluble carbon dioxide 
from the water due to an increase in 
temperature or an aeration effect, slightly 
soluble calcium carbonate forms,—fre- 
quently in the form of scale. One of 
the points at which it is very easy to 
lose carbon dioxide from the water is at 
the point where the paper sheet is formed; 
that is, where the stock goes upon the 
wire, because of the large area exposed 
to the atmosphere at this point. Slightly 
soluble calcium carbonate formed at this 
point tends to form a scale upon and to 
plug the openings in the wire. This 
reduces the ease of formation of the 
sheet and eventually requires that the 
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wire be cleaned. This normally requires’ 


a shut-down of the paper machine and 
treatment of the wire with dilute acid. 

In addition to the undesirable effects 
noted above, the presence of the bi- 
carbonate radical in the form of carbon- 
ate hardness or of sodium carbonate or 
bicarbonate may have a further unde- 
sirable effect through the release of 
carbon dioxide. This may occur through 
the addition of acidic substances, such 
as alum, to the paper stock, with the 
result that the carbonates are converted 
to free carbon dioxide. Some of the 
free carbon dioxide may escape from the 
stock at any time after the addition of 
the acidic material, but it is most apt 
to escape where the stock is exposed to 
the atmosphere to the greatest extent 
and this is at the point of formation of the 
paper sheet. The escape of carbon di- 
oxide gas at this point may result in 
pinholes and blisters in the finished 
paper sheet. 

For the manufacture of fine papers, 
it is generally considered that the total 
hardness should be limited to a maximum 
of 100 ppm. expressed as CaCO; and 
that the bicarbonate, or as it is commonly 
expressed, the alkalinity to methyl 
orange, should be limited to 45 ppm., 
both expressed in terms of HCO;. Under 
these circumstances and from the stand- 
point of hardness and bicarbonate con- 
tent, only waters Nos. 1, 2, and 10 would 


be considered satisfactory. Zz 


From the standpoint of their use as 
process water, one of the important 
properties has not been determined on 
these waters, with the exception of water 
No. 10. We are referring to the pH 
value. For the purposes of the present 
discussion, however, we are assuming 
that the pH of these several waters did 
not vary more than 0.5 pH from neu- 
trality. With this consideration in mind, 
we have calculated the pH of saturation 


Stability of the Water: 
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(pHs) for the water at 60 F. by the 
Langelier method. These values are 
presented in the last line of the table. 
The pH of saturation for a specific water 
is that pH at which stability exists for a 
given temperature. Above the pH of 
saturation, scale formation may occur, 
whereas below that pH value corrosion 
may occur. The further the pH of 
saturation departs from the true pH of 
the water, as determined by experiment, 
the greater will be the tendency toward 
scale formation or corrosion, other things 
being equal. Assuming that the pH of 
each water is somewhere near neutrality, 
this would indicate that waters Nos. 1, 2, 
and 10 are quite corrosive, waters Nos. 3 
and 7 somewhat so, while the remaining 
waters are substantially in equilibrium. 
(No attempt has been made to compute 
the pH of saturation of water No. 9, 
which is sea water.) This calculation is 
of some importance, since it indicates 
to the operator in a general way the 
tendency of the process water in question 
to cause corrosion or to form scale. 


Summary and Conclusion: 


In summarization, a brief statement 
will be made regarding the applicability 
of each of the individual waters. to the 
manufacture of papers of high quality, 
the reason for their rejection where they 
are found unsatisfactory, and an indica- 
tion of what treatment may be used to 
render them satisfactory for use in the 
manufacture of fine papers. 

Water No. 1.-This water is an excel- 
lent water for the manufacture of fine 
papers with the exception of the fact 
that the iron content is slightly above 
the preferred maximum specification for 
this constituent. For some types of 
high-grade papers, however, this water 
may be quite satisfactory. If necessary, 
the iron content may be further reduced 
by a suitable method of treatment such 
as by passing the water through an ap- 
propriate type of zeolite. 
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Water No. 2.—This water is entirely 
suitable for paper manufacture, except 
for its high color content. The color can 
be satisfactorily reduced by flocculation 
of the water under carefully controlled 
conditions. 

Water No. 3——This water is satis- 
factory as a process water for the manu- 
facture of fine papers although it is some- 
what above the values in hardness and 
in bicarbonate content, which are pre- 
ferred in waters for this use. If found 
necessary, it could be reduced in hard- 
ness and in bicarbonate content some- 
what by the addition of lime. If, on the 
other hand, it was found that bicarbonate 
was causing difficulty in operation rather 
than hardness, the bicarbonate could be 
reduced and converted to sulfate by 
treatment of the water with sulfuric acid, 
followed by aeration to drive off the 
carbon dioxide. 

Water No. 4.—This water is undesir- 
able for use in the manufacture of fine 
papers for several reasons: It is some- 
what on the high side in silica content, 
although this is one of the points of lesser 
importance. It is much too high in iron 
content, in hardness, and bicarbonate 
content, and in total solids content. 
There is probably no economical method 
of treatment to make this water suitable 
for the use desired, but it could be 
greatly improved by cold lime-soda treat- 
ment which would suitably reduce the 
iron and appreciably reduce the bicar- 
bonate and hardness content. Total 
dissolved solids would be too high fol- 
lowing such treatment, and total solids 
could not be reduced within desirable 
limits except by a very costly method of 
treatment. 

Water No. 5.—This water is too high 
in bicarbonate and in total hardness 
content. It is also high in total dis- 
solved solids. The same remarks apply 
to this water regarding the reduction of 
these particular constituents as were 
made in connection with water No. 4. 
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Water No. 6.—This water is too high 
in iron content, in hardness, in bicar- 
bonate, and in total dissolved solids 
content. The same remarks apply to 
this water as were made regarding water 
No. 4. This water is also rather high in 
chloride content. 

Water No. 7.—This water is high in 
sodium bicarbonate content and in total 
solids. No economical form of treat- 
ment would overcome this feature of the 
water, but its qualities could be con- 
siderably improved by acid treatment 
followed by aeration to reduce the bi- 
carbonate content. 

Water No. 8.—This water is too high 
in iron, hardness, soda, bicarbonate, 
sulfate, and chloride content, and in total 
dissolved solids. No system of treat- 
ment that would prove economical could 
be applied to render this water suitable 
for process use in the manufacture of 
fine papers. 

Water No. 9.—Water No. 9 is sea 
water and is not suitable for use in the 
manufacture of fine papers. 

Water No. 10.—This water contains 
27.1 ppm. of iron and would be totally 
unsuited to the manufacture of fine 
papers from this standpoint. In other 
respects it would be satisfactory. Suit- 
able treatment as by aeration and filtra- 
tion would render the water satisfactory 
for use as process water. 


(1) T.A.P.P.1. Tentative Standard E 600 s-44, 
“Chemical Composition of Process Water 
for Fine Paper Manufacture,” Paper Trade 
Journal, May 25, 1944. 

(2) T.A.P.P.1. Special Report No. 298, “Survey 
of Paper Mill Water Requirements.” Re- 
port prepared by T.A.P.P.I. Water Com- 


by the Technical Association of the Pulp 


” mittee and published as a confidential report 


and Paper Industry. 
(3) Lewis, B. Miller, ““T.A.P.P.1. Survey of 
Paper Mill Water Requirements,” 7.A.P. 
P.I. Tech. Assn. Papers, Series 23, p. 433 


(See General Discussion, p. 1082.--Ep.] 
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In conclusion, it has been the objective — 


in this paper to indicate the quality of 
water required for the manufacture of 
certain types of high-grade papers and 
the waters under consideration have been 
discussed from this standpoint. This 
particular group of fine papers has been 
chosen as a means for discussing the 
applicability of the ten selected types of 
water as process water for the manu- 
facture of these papers since they have 
been studied intensively from this stand- 
point for the past four years by the 
Water Committee of the Technical Asso- 
ciation of the Pulp and Paper Industry, 
and a great deal of information is avail- 
able on this subject. It has been pointed 
out that a few high-grade papers require 
an even higher quality water for process 
water than those discussed here. Many 
lower grade papers have far less rigid 
requirements for process water. Paper 
pulps also have greatly varied water 
requirements from the quality stand- 
point, the same as with paper manu- 
facture. That is, high-grade pulps re- 
quire comparatively pure waters, whereas 
low-grade pulps are far less rigid in their 
requirements. Because of the great 
variety of pulp and paper products, 
no attempt has been made to discuss the 
applicability of the several waters in 
question to the entire field of pulp and 
paper manufacture. 


(1940). This is a brief resume of Special 
Report No. 298. 
(4) T.A.P.P.I. Special Report No. 333, “Process 
Water Used for Fine Paper Manufacture.” 
Report prepared by T.A.P.P.I. Water Com- 
mittee and published as a_ confidential 
report by the Technical Association of the 
Pulp and Paper Industry. 
Lewis, B. Miller, “Process Water Used for 
Fine Paper Manufacture.” Paper Trade 
Journal, December 30, 1943. This is a 
brief resume of Special Report No. 333. 
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TREATMENT OF VARIOUS TYPES OF WATERS FOR OP saieieaes byw. 


PRESSURES ABOVE 400 PSI. 


As the title indicates, this discussion 
of industrial waters is limited to the use 
thereof for steam-generating purposes. 
As its main feature, the discussion must 
emphasize any special treatment needs 
engendered by higher operating pres- 
sures. In so doing, however, it must 
answer a number of pertinent questions: 
Is 400 psi., or in general operating pres- 
sure, a logical basis on which to make 
distinctions of treatment? Are not such 
distinctions better based on rate of heat 
input to the evaporative surfaces than on 
a few pounds per square inch of operating 
pressure one way or the other? Or, on 
the ratio of the density of liquid and 
vapor, a figure indicative of the driving 
force of steam bubbles in promoting 
circulation? 

Also, are there other factors than those 
given in the tables presented by Mr. 
Collins which if included in the analytical 
data on waters will be guideposts on the 
type, or, for that matter, merely the 
need, of treatment? In classifying or 
interpreting water analyses consideration 
must be given particularly to the small 
users and the small power plants, since 
large users and large power plants will 
have their experts on water to guide 
them. Any approximations or simplifi- 
cations however must apply in all cases. 

Is it feasible to agree on a few general 
criteria for boiler waters and steam, and 


' Director, Hall Laboratories, Inc., Pittsburgh, Pa. 


on the basis thereof reach conclusions 
concerning interpretation of any water 
analysis in question? 

In attempting to answer these ques- 
tions, we shall start with principles 
applicable to all operating pressures, 
dealing thereafter with more specific 
conditions. 


PRINCIPLES APPLYING TO TREATMENT 
FOR ALL OPERATING PRESSURES 


In addition to deaeration, which is 
mechanical, two distinct considerations 
are involved in any treatment of waters 
to be used in generation of steam. a 


1. Limitation of Impurities in Steam: — 


Steam of all pressures terminates 
similarly with condensation to water. 
Hence in all cases, impurities in the 
original water must be manipulated in 
such a manner as to prevent their im- 
parting detrimental, for example, de- 
posit-forming or corrosive qualities to 
the steam. Organic contamination which 
promotes carryover of boiler water in 
the steam, ammonia, carbon dioxide, and 
silica are the principal offenders. Ex- 
ceptions to this general principle are 
those cases in which the steam condenses 
without contact with metal conduits 
which guide the flow of condensate, for 
example, by being exhausted to atmos- 
phere. But in all cases in which effort 
is made to save the condensate, or in 
steam heating, whether the condensate 
is saved or not, these principles apply. 
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In the boiler water we must provide 
for two drastically different sets of con- 
ditions as follows: 

(a) Those characterizing the dilute 
over-all boiler water, whose concentra- 
tion of dissolved and suspended com- 
ponents may be controlled as desired by 
blowdown. The alkalinity relationship 
and the concentration of treating chemi- 
cals to be maintained therein, also the 
various types of pretreatment best suited 
and commercially available for the raw 
waters to be used, have been widely 
discussed in the engineering journals and 
power magazines, so that we can well 
omit further discussion here. As a part 
of its work in interpreting waters or 
arriving at some classification of them, 
we believe this committee cooperating 
with the Joint Research Committee on 
Boiler Feedwater Studies, might well 
agree upon some maximum concentration 
of total solids to be maintained in the 
boiler water; perhaps 2500 ppm. or even 
3500 ppm. for pressures below 400 psi., 
and perhaps 1500 ppm. for pressures 
above 400 psi. We emphasize, however, 
that in any such recommendations, the 
question again becomes paramount, 
: whether rating, or rate of heat absorp- 

tion, is not a better criterion of the 
dividing line than operating pressure. 
(b) Those conditions obtaining as the 
over-all boiler water or films thereof 
evaporate and concentrate at steam- 
water interfaces such as those of the 
boiler evaporative surfaces, and of any 
boiler water carried mechanically by the 
steam into the superheater. The con- 
| centration of dissolved solids therein at- 
tained at equilibrium has no dependence 
on blowdown, but, instead, is a function 
of temperature increment at the inter- 
face, boiler pressure, and the behavior of 
the dissolved solids in relation thereto. 
Very definitely, the extent to which 
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these conditions obtain is more influenced 
by rating or by circulation than by pres- 
sure. We shall consider these conditions 
later in this discussion. 

Let us assume now that satisfactory 
treatment can be attained by using well- 
established commercial processes, and 
turn our attention to the question: What 
relationships can be derived from analyti- 
cal data on waters such as presented by 
Mr. Collins that will be guideposts on 
type of treatment, or neéd for treatment? 


Available Carbon Dioxide: 


Let us consider the question of the 


bicarbonate radical first. It might be’ 


well to list as one item of the analysis, 
the carbon dioxide available in the bi- 
carbonate and carbonate radicals found 
in the water, since in boiler use, some, 
and at times much of this may find its 
way into the steam to contaminate it. 
In the analyses of Mr. Collins’ Table I,? 
the available carbon dioxide thus de- 
rived varies from a minimum of 9.4 ppm. 
for No. 2 water, to a maximum of 396 
for No. 7 water. Dependent upon the 
temperature at which the feedwater 
heater operates, and also on its venting, 
some decomposition of the bicarbonate 
radical will occur with loss of carbon 
dioxide, presumably to the extent of 30 
to 50 per cent. If the final equilibrium 
in the boiler water is maintained by 
treatment with phosphate, practically 
all of the carbon dioxide carried into the 
boilers, except that small portion lost 
in blowdown, will be evolved into the 
steam. If there is no treatment of the 
boiler water, some proportion of the 
available carbon dioxide will be precipi- 
tated as calcium carbonate. If the 
boiler water is maintained alkaline by 
use of sodium carbonate, considerable 
carbon dioxide will be provided in the 
steam by decomposition thereof. 


2W. D. Collins, *“Typical Water Analyses for Classifi- 
cation with Reference to Industrial Use,”’ see p. 1057. 
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7. Suppose this committee, in agreement 


with the Boiler Feedwater Studies Com- 
mittee, were to stipulate a maximum 
limit to carbon dioxide in the steam, for 
example, a maximum of 15 ppm., which 
corresponds approximately to its con- 
centration in steam made from lime- 
soda treated water. It then becomes 
possible to estimate roughly whether or 
not the water requires external treat- 
ment, and the permissible types of treat- 
ment. Thus, assuming 50 per cent loss 
of the available carbon dioxide through 
the vent of the heater, we may establish 
the following relationship: 


its proper limitation in the steam. Only 
in the case of high value for HCO ; and 
low for total hardness as CaCOz (No. 7, 
Table I; C and D, Table II) is simple 
elimination of CO, by acid treatment 
alone advisable. 

In a great number of cases, of course, 
the maximum of 15 ppm. of COz in the 
steam will be considered too high, a 
minimum of as little as possible fre- 
quently being the objective. These 
cases will represent mostly larger oper- 
ations, however, usually with personnel - 
skilled in interpreting waters. 


= CO, ppm. X 0.5 X Percentage of Make-up Water 
100 


If the value found is equal to or less 
than 15 (Nos, 1 and 2, Table I, for 
maximum make-up) external treatment 
may be omitted, unless the value of 
total hardness as CaCO; considerably 
exceeds that of the HCOs radical (both 
best expressed as e.p.m.); or in other 
words, unless permanent hardness largely 
predominates. In that case, dependent 
on the amount of the permanent hard- 
ness, treatment for hardness removal by 
any of the standard commercial methods 

may be advisable. (We note that in 
Mr. Collins’ tables, no example is given 
of a water low in bicarbonate but high 
in permanent hardness, a_ condition 
found in the Ohio River at Wheeling, 
the Schuykill River at Philadelphia, and 
the Monongahela River at Pittsburgh.) 
If the value found is greater than 15 
(Nos. 3, 4, 5, 6, 8, Table I; A, B, Table L, 
for maximum make-up) and the value of 
total hardness as CaCO; is comparable 
to or greater than that of HCOs, it be- 
comes advisable to treat the water by a 
process which simultaneously effects re- 
moval of hardness, and, elimination of 
available CO, to the extent required for 


= 15 


Approximation of Blowdown: 


If, as noted above, a general criterion 
is established for permissible total solids 
in the boiler water, the items in the 
analyses of dissolved solids and total 
hardness as calcium carbonate provide 
simple means of approximating blow- 
down required. We shall assume clear 
feedwater. If the natural water is one - 
in which suspended matter to any extent 
is usually present, it should be filtered. 
If the water is subject to occasional 
periods of turbidity, then, as required, 
the blowdown can be adjusted to take 
cognizance of the turbid condition, or, 
filtration can be provided, justified by 
the severity of the occasional turbidity. 
Properly, we believe, the analyses as 
presented by Mr. Collins, do not include 
an item of suspended solids. The func- 
tion of the analyses is to record the 
fundamental characteristics of a water; 
transient variations therefrom can 
scarcely be considered in a typical analy- 
sis. However, the analysis might record 
that the water in question is subject to 
seasonal or aperiodic variation of tur- 
bidity, or both, as the case may be. 
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Such variations must, of course, be 
known, and allowance therefor be made 
in uses of the water for specific purposes. 
A good example of aperiodic variation is 
given by Elliott in his study of the 
Delaware River during full flow and 
during periods of drought, when salt 
water invades the river from the bay. 
(Oil and Gas Journal, Vol. 42, No. 39, 
February 3, 1944, pp. 103-108.) 

If no treatment of a water is con- 
templated, then blowdown in per cent, 
calculated on the basis of feedwater, 
may be approximated as follows: 


Below 400 psi.: Blowdown (Dis- 
solved Solids ppm./3500) X Per 
Cent Make-up. 

Above 400 psi.: Blowdown (Dis- 
solved Solids ppm./1500) X Per 
Cent Make-up. 


If treatment in the boiler is contem- 
plated, the approximate percentage of 
blowdown on the basis of feedwater 
becomes: 


Below 400 psi.: Blowdown = [(Dis- 
solved Solids ppm. + Hardness as 
Calcium Carbonate ppm.)/3500] 
Per Cent Make-up. 

Above 400 psi.: Blowdown [(Dis- 
solved Solids ppm. + Hardness as 
Calcium Carbonate ppm.)/1500] X 
Per Cent Make-up. 


In case of external treatment, no gen- 
eral considerations on blowdown are 
possible until after a decision has been 
reached regarding type of treatment to 
be used, in accordance with the require- 
ments of limiting carbon dioxide in the 
steam, as discussed above under the 
heading ‘‘Available Carbon Dioxide.” 


Sludge Content of the Boiler Water: 


How much sludge can be tolerated in 
the total solids of the boiler water? 
Quite frequently a limit is given thereto 
in terms of percentage of the total solids. 
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With such a limit established, and with 
amount of blowdown known, it becomes 
a simple matter to calculate approxi- 
mately the sludge that would be present 
in the boiler water from the figure of 
hardness as calcium carbonate in the 
analysis. Thus: 


Sludge (in Boiler Water) ppm. 
Hardness as Calcium Carbonate X 
Per Cent Make-up/Per Cent Blow- 


down (on Feedwater).. 


Color and Carryover: 


One other factor of the analysis be- 
comes of value in calculations of this 
type. When concentrated in the boiler 
water, the natural organic contamination 
of a water as measured by color is usually 
decidedly contributory to contamination 
of the steam by carryover. ‘The waters 
of the Androscoggin and Wisconsin 
Rivers are good examples. An approxi- 
mate measure of this effect for the condi- 
tions of any one case is given by 


Color (in Units Reported) X Per Cent 
Make-up/Per Cent Blowdown 
(on Feedwater). 


If the value thus obtained exceeds 
some standard value agreed upon, the 
advisability of treatment for removal of 
the contamination is thus clearly indi- 
cated. Where evaporators are used, and 
their brine is treated, consideration of 
this factor becomes important in the 
avoidance of carryover and the concur- 
rent addition of impurities to the evapo- 
rated make-up. 

These few examples show that by the 
adoption of a few criteria for the over-all 
boiler water, analyses of water can be 
readily interpreted in relation to their use 
as feedwater. It seems well nigh im- 
possible to establish any general rules 
for the myriad specific cases, of which 
the following is an interesting example. 
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The analysis of the water concerned is as 
follows: 


ppm. epm 
Carbonate (COs) 32 1.07 
Bicarbonate (HCO;) 250 4.09 
189 3.95 
24 0.80 
trace 

19 0.95 
Magnesium (Mg).......... 6.6 0.54 
357 15.56 
Dissolved Solids........... 1033 

Hardness as CaCO;3........ 74.5 1.49 
203.5 9.25 


On the basis of available carbon di- 
oxide, it lies between No. 8 and No. 5 
of Mr. Collins’ Table I but resembles 
No. 7 more closely, however, because of 
its relatively low hardness, and conse- 
quent high content of sodium bicar- 
bonate. On the basis of hardness, it 
lies about midway between No. 2 and 
No. 3. On the basis of chloride and 
sulfate, it more nearly resembles No. 6. 
It is higher in total solids than any 
water listed in the tables. The supply 
of water is limited. Sufficiently effective 
carbon-dioxide removal can be accom- 
plished by lime-acid treatment, or by 
sodium-hydrogen-zeolite. Treatment by 
lime-acid will result in considerably 
higher total solids than treatment by 
sodium-hydrogen-zeolite, the former, 
therefore, necessitating higher blowdown 
value. On the other hand, backwashing 
and rinsing of the zeolite requires con- 
siderable water. In this case, decision 
was reached that it was better to accept 
the higher blowdown required by the 
lime-sulfuric acid treatment, than to 
obtain the lower blowdown of the sodium- 
hydrogen-zeolite at the éxpense of the 
water necessary for backwashing and 
rinsing. Besides, if necessary in spite 
of high blowdown, reduction of silica 
can be effected as part of the regular 
procedure. 

In general, analogues of waters avail- 
able for use in specific plants are rather 
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readily found in the well-chosen examples 


of waters presented by Mr. Collins. 
The characteristic type of any water as 
thus determined readily suggests the 
best-suited procedure in its treatment. 
At times, of course, as in the above 
instance, the final choice of treatment is 
necessarily made on the basis of ex- 
traneous circumstances. But as_ this 
work on classification or interpretation 
becomes recognized, and the correct 
procedure of treatment may thus be 
judged, at least the number of arbitrary 
decisions regarding treatment may be 
held to a minimum with resultant better 
protection of boilers, and improvement 
of steam quality. 


PRINCIPLES OF TREATMENT More SPE- 
CIFICALLY APPLYING TO HIGHER 
OPERATING PRESSURES 


In general, as operating pressures are 
higher, the trend is toward more com- 
plete removal of all impurities in the 
water to be treated, as by evaporators, 
or by anion-cation exchangers. This ap- 
plies especially where condensate is 
available in considerable percentage, as 
in the utilities. In this way, impurities 
in the boiler water, other than chemicals 
added as treatment, are limited in origin 
to evaporator carryover and condenser 
leakage plus incidental foreign material 
which drifts into the system as it oper- 
ates, but which can be held to low values 
with care. In industry, however, this 
trend, while apparent is not so prevalent, 
particularly through the pressure range 
of about 900 psi., or higher in some 
instances. 

The typical characteristics of the 
dilute over-all boiler water for pressures 
above 400 psi. are not markedly different 
from those recognized as satisfactory for 
pressures below 400 psi. Where the 
boiler water is kept very pure by the 
use of evaporated make-up, and by 
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holding condenser leakage to a minimum, 
lower alkalinities, frequently composed 
entirely of captive alkalinity, are per- 
missible, but if the percentage of treated 
make-up is considerable, and total solids 
in the boiler water and separation of 
sludge are greater, alkalinities much in 
line with those held for pressures below 
400 psi. are advisable. Usually, the 
total solids in the boiler water, and the 
percentage of sludge therein, are main- 
tained lower the higher the operating 


pressure. 
Even with these things done, troubles 
develop. Scales containing silica or 


analcite or acmite develop, particularly 
under any layers of sludge that may form 
in tubes where evaporative rate is high. 
Iron-oxide sludges accumulate in the 
boilers, and tubes become pitted or 
channeled through loss of metal by 
combination with the bonded oxygen of 
the boiler water. These troubles develop 
as films of the over-all boiler water 
evaporate and concentrate at steam- 
water interfaces. This occurs independ- 
ently of the concentration of dissolved 
solids in the main body of the boiler 
water, and is dependent upon temper- 
ature increment at the interface, upon 
boiler pressure, and upon the physical- 
chemical characteristics and the relative 
proportions of the dissolved solids in the 
boiler water. Such conditions develop 
more commonly in boilers of higher 
pressure, and there are reasons for this 
which will be advanced shortly. They 
may be caused as well in boilers of lower 
pressure where the heat input rates are 
exceptionally high. For instance, a 
boiler which has operated very satis- 
factorily using coal for fuel may, if gas 
is substituted for coal, begin losing tubes 
by the development of analcite scale on 
the generating tube surfaces. Under 


these circumstances, the tube surfaces 
on the furnace side, devoid of slag, espe- 
cially those of the first row of generating 
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tubes, absorb far more heat, and the 
higher rate of evaporation results in the 
scale formation. 

As explained in our paper “A New 
Approach to the Problem of Conditioning 
Water for Steam Generation,” Transac- 
tions, Am. Soc. Mechanical Engrs., July, 
1944, pp. 457-474, results such as these 
are due to increment of temperature Af, 
of the evaporative surfaces, whereupon, 
the film of boiler water in contact evapo- 
rates to a concentration that represents 
equilibrium with the operating pressure 
of the boiler at the increased temperature 
imposed upon it, thus developing what 
we have termed a _ concentrating-film 
boiler water, with the surprising char- 
acteristics which have been described in 
the above paper. 

Why are these effects more pronounced 
in boilers of higher operating pressures? 
To answer the question, let us consider 
some of the factors associated with the 
generation of a cubic foot of steam, at 
400 psi., and at pressure intervals of 
800 psi. 


SomE Factors MET IN GENERATING 
1 cu. FT. OF STEAM 
Temperature Increase: 


The temperature of the saturated 
steam generated at these intervals of 
pressure is as follows: 


Temper- Temperature Increase, 
ature deg..Fahr. 
Pressure, psi. Saturated = 
Steam 
~af. 0 to 400 400 to 2800 
deg. Fahr. psi. 
ees 212 236 238 
448 
1200 569 
637 
686 


The temperature increase with change 
in operating pressure from 0 to 400 psi. 
is 236 F.; from 400 to 2800 psi., 238 F. 
Over this temperature range, the solu- 
bilities of the boiler-water salts undergo 
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change. Some, like sodium chloride and 
sodium hydroxide, increase in solubility; 
others, like sodium sulfate, sodium phos- 
phate, and sodium silicate, decrease in 
solubility. But increase in temperature 
in the over-all boiler water in itself is 
not enough to account for the develop- 
ment on the one hand of hide-out, and 
on the other, of hard deposits such as 
sodium silicate, sodium aluminum, and 
sodium iron silicate, with lesser amounts 
of sodium sulfate and sodium phosphate. 
In the above-mentioned paper, we 
have considered what happens to a film 
or thin layer of boiler water which as a 
steam bubble forms remains in contact 
with the evaporative surface of the tube. 
If the temperature of the latter on the 
water side is raised a few degrees above 
temperature of the saturated steam, we 
point out that deposition of sodium salts 
of inverse solubility curve is readily ex- 
plained. In such a film, high concen- 
tration is developed by substances whose 
solubilities increase with increasing tem- 
perature. Thus, such increase in con- 
centration of caustic soda readily pro- 
motes the formation of magnetic iron 
oxide by combination of the boiler meta] 
in the tube with the bonded oxygen of 
the boiler water. ; 
Whatever most effectively promotes 
the development of these effects in 
steam-water interfaces occurring at evap- 
orative surfaces likewise promotes the 
problems characteristic in boilers of 
higher operating pressure, but also met 
in boilers of lower pressure at points of 
especially high heat input as in the ex- 
ample cited relative to change from coal 
to gas fuel. 


Density Ratios: 


In searching for a reason why higher 
operating pressures should be particu- 
larly effective in developing conditions 
typical of temperature increment at 
steam-water interfaces, let us consider 


the density or number of pounds of 
saturated steam per cubic foot, and the 
ratios of the higher pressure densities 
to that of 400 psi. The values are as 


follows: 
Ratio, Density 
Pressure, psi. to at 
0.894 1.0 
2.83 3.05 
5.39 6.03 
9.92 11.1 


These data show the rapid increase of 
density with pressure. Thus, if two 
bubbles of steam of equal size are gen- 
erated at an evaporative surface, one at 
400 and the other at 2000 psi., at the 
latter pressure the weight of steam in 
the bubble is 6.03 times that in the 
bubble generated at 400 psi. 

More work has been done to generate 
the steam bubble at 2000 psi. than that 
at 400 psi. Is the work actually 6.03 
times as much? 

44 


A measure of the work is found in the 
heat input through the tube to produce 
the bubble. So, let us next consider the 
amounts of heat required to develop one 
cubic foot of saturated steam from water 
at the same temperature, and the ratios 
of these amounts to that required at the 
temperature corresponding to 400 psi. 
The data are as follows: 


Btu. Ratios: 


Heat Required to 


Pressure; 
psi. 


Produce 1 cu. ft. of 
Saturated Steam 
from Water at the 


Ratio of Heat Re 
quired at Different 
ressures to That 


Same Temperature, 


Required at 400 psi. 
Btu. 


400 693.7 
1200 1704.2 


The ratio of the heat required at 
2000 psi. to that required at 400 psi. to 
produce 1 cu. ft. of steam is 3.55. Thus, 
in the production of steam bubbles of 


-46 
2000 2463.8 3.55 
2800 2654.6 3.83 
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equal size at 2000 psi. and 400 psi., the 
heat input through the tube must be 
3.55 times as much for the former as 
for the latter. For bubbles of equal 
volume, therefore, it is natural that 
troubles originating at the steam-water 
interface thereof with the film of water 
on the boiler tube, should be greater the 
higher the operating pressure. On the 
one hand, the bubble of higher pressure 
attains its volume more slowly than the 
bubble of same volume at 400 psi. if at 
equal rates of heat input, thus making 
the life period of any such steam-water 
interface longer. On the other hand, if 
the rate of heat input is faster at the 
higher pressure, greater opportunity ex- 
ists for development of incremental 
temperature at the steam-water inter- 
face (At), increase of which results in 
higher concentrations in the concen- 
trating-film boiler water, with corre- 
spondingly greater chance of scale deposi- 
tion, or combination of boiler metal with 
the bonded oxygen of the boiler water. 


Liquid - Saturated Vapor Ratios: 


There is still another angle to be con- 
sidered in summing up why the reactions 
occurring at the steam-water interface 
are more severe at higher pressures than 
lower. At the several pressures used in 
presenting these data, the densities or 
pounds per cubic foot of liquid and 
saturated vapor, and their ratios, are 
as follows: 


Density 
| Density, lb. per cu. ft. Ratio, 
Pressure, psi. = to 
Saturatec yaturated 
| Liquid | Vapor Vapor 
400... 51.5 | 0.894 57.6 
1200... 44.1 2.83 15.6 
2000. . 37.6 5.39 7.0 
2800. 29.9 | 9.92 3.0 


At 490 psi., the density of the liquid 
water is 51.5, and of the saturated vapor, 
0.894, their ratio being 57.6. At 1200 


psi., this ratio has diminished to 15.6. 
These figures signify a great decrease in 
the driving force of steam bubbles in 
promoting circulation as between 400 psi. 
and 1200 psi. This also means less 
driving force to separate the bubble from 
the evaporative surface of a tube, and 
consequently a longer life period of the 
steam interfaces at the surface. Another 
point that arises for the same reason of 
lesser driving force is that freedom of 
passage to the steam drum without inter- 
position of any deterrent forces is the 
more necessary as operating pressures 
increase. 


An Illustrative Example: 


Let us consider an illustrative example 
which is furnished by boiler X operating 
at 1250 psi. It is comprised essentially 
of water walls, and a boiler-tube section 
with some 20 sectional headers. The 
boiler is thus in reality a community of a 
few more than 20 practically separate 
“boilers” with the drum serving as the 
community center, all separate circuits 
leading therefrom eventually return ng 
thereto. 

Early in March, the third row boiler 
tube of sectional header 11 failed because 
of scale and corrosion beneath the scale, 
necessitating replacement of the tube. 
Sludge and scale underneath character- 
ized a number of the top or first rowof 
boiler tubes across the sectional headers. 
The same condition existed spottily in 
the second, third, and fourth rows. 
(QJuite evidently, beneath the sludge, 
conditions of concentrating-film boiler 
water existed with resultant hard scale 
formation. The boiler section was 
thoroughly cleaned. 

One month and two days later, tube 
11-3 again failed from corrosion by the 
bonded oxygen of the boiler water. The 
first row tubes contained sludge begin- 
ning about 1 to 3 ft. in from the downtake 
header, and extending several feet up- 
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ward in the tubes. Underneath the 
sludge was the inevitable hard scale. 
Likewise, under the patches of sludge 
in the other rows of tubes, hard scale had 
formed. 

Other headers and tubes in the water- 
wall “boilers” were not inspected because 
repeated examinations had shown noth- 
ing but excellent conditions, and no diffi- 
culties had been experienced in them. 
The records bear out that statement. 

Thus, in this assembly of “boilers,” 
operating on identical water, with oper- 
ating pressure of 1250 psi., and with the 
drum as the community center, the 
water-wall members remain clean, the 
boiler-section members become dirty. 
Can it be that with identical treatment 
conditions for all members, these condi- 
tions are ineffective in those several 
“boilers” constituting the boiler section, 
and particularly in certain ones as sec- 
tion 11, while at the same time being 
fully effective in those boilers consti- 
tuting the water walls? Is it not more 
likely that the identical treatment condi- 
tions are equally effective in all of the 
“boilers,” but in some of them the driv- 


CONCLUSION 


[See General Discussion, p. 1082. -ED.| 


HALL ON TREATMENT OF WATER 1077 


ing force of the steam bubbles in pro- 
moting the required circulation must 
overcome too much resistance to function 
effectually? In other words, do the 
water-wall members clean house spirit- 
edly and effectively at the expense of 
their more sluggish neighbors? 

If the answer to the first of those three 
questions is “‘yes,”’ this committee should 
inaugurate an interpretation or classifi- 
cation of boiler waters based on such 
differences of behavior. 


Quite obviously, the writer has over- 
stepped the apparent limits of a discus- 
sion on interpretation or classification 
of natural waters. In_ justification 
thereof, he believes that any such inter- 
pretation or classification of water for the 
use of generating steam must envisage 
the diverse conditions met in the span 
of operating pressures and rates of heat 
input. Reasonably, as a first step, clas- 
sification might be subdivided on the 
basis of uses in which steam is the prod- 
uct, and those in which it is not. 
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~ CLASSIFICATION OF FEEDWATER FOR BOILERS OPERATING 


BETWEEN 100-400 PSI. 


By J. A. HOLMES! ; 


Very few natural waters are suitable 
for boiler feed use without some form 
of treatment. The science of water 
treatment is rather involved because no 
two waters nor any two boiler installa- 
tions are exactly the same. However, 
from experience the analyst learns to 
make certain observations of a water 
analysis so that the general character- 
istics and behavior of these waters as 
boiler feed can be forecast. 

It may be stated that any solid or gas 
in water is or can be undesirable and in 
some way helps to cause scale, foaming, 
or corrosion, the compounds of silica, 
calcium, and magnesium forming sludge 
(often called mud) or scale, the com- 
pounds of sodium and potassium causing 
foaming or carryover, and the gases 
causing corrosion. The question as to 
whether sludge or scale is formed (as- 
suming no boiler feedwater treatment is 
applied) depends upon: 

1. Pressure 

2. Rating 

3. Amount: of calcium or magnesium 

and bicarbonate or carbonate 
ions. 

The term sludge defines that solid 
material that is fine and loose either to 
settle or to circulate with the boiler 
water, and scale defines that which pre- 
cipitates or adheres directly onto the 
boiler metal. Sludge can nearly always 
be washed out of a boiler, but scale re- 
quires mechanical or chemical removal. 


1 Assistant Vice President, National Aluminate Corp., 
Chicago, Ill. 
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Under certain conditions sludge may be- 
come baked onto the boiler metal and 
cause scale. Scale may be either soft or- 
hard, depending on composition rate or 
method of formation. 

Considering pressure only, between 
100 and 400 psi., the rate and type of 
scale formation is not as greatly different 
as would be expected. Variations in 
rate of steam production at the boiler 
surfaces have more effect, and, since the 
rating, especially in certain sections, 
often increases with the pressure, there 
will be more evaporation at that point 
and hence more conversion of the solids 
in the water to scale or sludge at that 
location. Consequently, more deposits 
‘are expected at a point where there is a 
high rate of evaporation. 

Theoretically, as the soluble bicar- 
bonate ion is converted by heat to the 
insoluble carbonate ion, calcium or mag- 
nesium carbonate is formed and _ the 
resultant carbonates should be sludge. 
However, many boiler scales will show 
the presence of carbonates due either to 
direct formation, baking on after forma- 
tion, or occlusion with other types of 
solids that act as cementing agents. 
This is especially true in heaters, feed- 
lines, feed troughs, and economizers 
where carbon dioxide is driven off but 
little or no evaporation occurs. 

If there are insufficient bicarbonate or 
carbonate ions, then calcium sulfate 
scale tends to form which is harder than 
carbonate scale and also which may act 
as a binder to help cement on boiler 
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sludge. Calcium sulfate rarely forms 
except where there is evaporation. 

The siliceous deposits are more com- 
plex, and it is less easy to forecast just 
how they will precipitate from water. 
The higher the temperature the more 
apt they are to form scale and thus more 
siliceous deposits are generally experi- 
enced with increase of pressure and where 
higher temperatures are encountered due 
to excessive evaporating rates or in 
starved sections due to insufficient or 
improper circulation of the boiler water. 
The ratio of silica to various amounts of 
calcium, magnesium or alkalinity of the 
boiler water influences rate of silica 
scale formation. In general the harder 
waters (high in calcium and magnesium) 
have less silica scale trouble because the 
percentage of silica is so low that it 
either is occluded or precipitated in the 
boiler sludge. When magnesium is also 
present in sufficient quantity, silica is 
rarely found in any appreciable quantity 
in boiler scale because magnesia-silica 
combinations tend to form sludge rather 
than scale. However, it is not unusual 
to find magnesia-silica combinations in 
feedline scale. 

In general foaming or even excessive 
solids in steam without any noticeable 
foaming is due to the concentration of 
soluble salts in the boiler water. Most 
of these are considered present as sodium 
or potassium salts. Since potassium is 
usually present in raw water in only 
small quantities, it is rarely separated 
from the sodium in analytical procedures. 
Here again, however, the associated 
anion affects the amount of total dis- 
solved solids that can be carried in the 
boiler water before carryover. Chlo- 
rides are considered less apt to cause 
carryover than sulfates, and the car- 
bonates and hydrates are considered the 
worst. Suspended solids, oil, and organic 
matter of certain types also influence 
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The total dissolved solids are a meas- 
ure of the amount of material in the 
water. For each part per million of 
solids in the water, there is one pound 
of solids for each million pounds of 
water entering a boiler. For each part 
per million of total hardness as CaCOs, 
there is approximately one pound of 
sludge or scale-forming material entering 
a boiler. 

Color naturally present in water is 
usually associated with swamp water, 
but can also be due to sewage, plant 
effluent, or process contamination. Such 
contaminations are to be avoided be- 
cause of effect on foaming or scale for- 
mation. 

Mr. Collins’ table of typical analyses 
does not show oxygen or free carbon 
dioxide These are generally not con- 
sidered for raw water, but rather for the 
boiler feed analysis or as the water enters 
the boiler after passing through heaters 
designed to remove these gases. How- 
ever, in cases where heaters are not used, 
the quantity of those gases should be 
determined. Usually the higher the oxy- 
gen and carbon dioxide content, the more 
corrosive the water. 

The table also does not show sus- 
pended solids which are very important 
in considering the use of any water. 
The higher the suspended solids the 
more mud or sludge is created in the 
boiler and the presence of any appre- 
ciable suspended solids in the water 
supply usually means the need of proper 
equipment for its removal. Oil is usu- 
ally present in water due only to con- 
tamination after entering a plant but 
nevertheless it can be present in some 
surface waters and its presence greatly 
affects scale or foaming tendencies of the 
water and also whether such water needs 
to be pretreated. Even in minute quan- 
tities oil should be removed. 

With the above in mind the various 
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waters in Table I of Collins’ paper’ can 
be discussed. Analyses 1 to 9 are prac- 
tically in the order of the increasing 
total dissolved solids and total hardness. 
Their undesirability as boiler feedwater 
correspondingly increases, making it 
more necessary to use some type of 
treatment. 

No. 1 is the best boiler feedwater. At 
lower ratings and pressures or where 
return condensate is a major part of the 
total feed, little or no treatment for 
scale is needed because of the low total 
hardness and silica. However, a small 


TABLE [.—APPROXIMATE DISSOLVED SOLIDS 
(ppm.) AFTER TREATMENT. 


! 


Treatment 6161616! 61616] 6| No.9 

None -| 66)165|426) 434/983)564/948) 35 000 

Internal 35| 70) 565/795 

Lime-soda * | * 


Na-exchanger 31| 560/945 
Na-H exchangers.. | 31) 66| 


* | * * |810 
* 


* Not applicable. 
amount of treatment may be needed to 
insure against scale and to prevent cor- 
rosion. At higher ratings with greater 
percentages of make-up and above 250 
psi., treatment is nearly always neces- 
sary. No foaming difficulties will be 
encountered with reasonable control of 
blowdown and boiler operation. Waters 
of this type can practically always be 
treated directly in the boiler unless high 
in suspended solids, when filtration may 
be needed to prevent excessive accumula- 
tion of mud. No difficulty may be ex- 
pected from feedline scale. 

No. 2 is little different from No. 1 
except for color. Frequently natural 
colors due to tannin leached from logs 
reduce scale and corrosion. However, 
in too high quantities, foaming may re- 
sult. The chief disadvantage of this 
water is that it would discolor the boiler 
water to a point where it would be diffi- 


2W. D. Collins, ‘“Typical Water Analyses for Classifi- 
cation with Reference to Industrial Use,” see p. 1057. 


cult to test and to control treatment for 
scale prevention by these tests. Water 
of this type is usually treated directly 
in the boiler without external treatment 
except to remove suspended solids. No 
difficulty is to be expected with feedline 
scale. 

No. 3 is typical of the Great Lakes 
water supplies. Such waters cause con- 
siderable sludge and have just enough 
sulfate and silica to act as binders. In- 
ternal treatment will, in general, give 
good results if properly handled but for 
high ratings and pressures external treat- 
ment is preferred. No. 3 might be con- 
sidered the dividing point wherein if the 
total dissolved solids and total hardness 
are lower, then internal treatment can 
be used, but, if higher, external treat- 
ment becomes more desirable. This 
water may or may not cause feedline 
scale depending somewhat on temper- 
ature and type of auxiliary equipment. 

No. 4 is a water that without treat- 
ment would rapidly form boiler scale 
and sludge because of sulfates and silica 
present. This water, unless used at low 
pressures or with low percentages of 
make-up, should be treated before en- 
tering the boilers. Considerable feed- 
line scale would be formed with this 
water. 

No. 5 is different from No. 4 in that 
it would cause more sludge because of 
higher carbonates. The silica is low 
enough to cause no trouble. This water 
would cause much feedline scale. It 
should be externally treated. 

No. 6 is different from No. 5 in that 
the chlorides are high and even with 
external treatment will have a high dis- 
solved solids content to cause carryover. 
It likewise will cause much feedline 
scale. 

No. 7 has low hardness with high 
alkalinity and sodium and potassium 
and is popularly called “alkali water.” 
Some boiler installations may never ex- 
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perience any scale with this type of 
water, but foaming will result unless 
percentage of blowdown is high. This 
type of water is also typical of those 
that have caused embrittlement. Treat- 
ment by acid exchangers is the best 
means of reducing total dissolved solids. 

No. 8 is popularly known as “gyp 
(gypsum) water” and requires external 
treatment and high percentages of blow- 
down. It is a difficult water to use as 
boiler feed—being very scale-forming in 
the boiler and its auxiliaries. 

No. 9 is a typical analysis of sea water 
and is included to help check for salt 
water contamination in samples of water 
from near coastal areas or from deep 
wells. 

Table I shows approximately the 
effect of the more common methods of 
treatment on the typical waters to reduce 
the total dissolved solids and total hard- 
ness. The choice of any of these systems 
for a particular water depends on the 
presence of suspended solids, heat bal- 
ance, available space, and general layout 
of the boiler plant. There are refine- 
ments of these methods and also ex- 
changers that take out anions. A combi- 
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nation of cation and anion exchangers 
will remove all solids except silica and 
organic. For certain waters and uses 
they are practical—cost usually being 
the deciding factor for this system. 

The solids in Table I may vary some- 
what according to the residual alkalinity 
left in the treated water or to the effi- 
ciency of the treating equipment. In- 
ternal treatment will produce approxi- 
mately one pound of sludge per million 
pounds of water for each part per million 
of hardness in the original water. The 
externally treated waters will have an 
average residual hardness of from one to 
four parts per million in exchanger 
treated water and from three to ten parts 
per million in lime-soda softened water. 
The soluble silica in the boiler water will 
be somewhat less with internal, lime- 
soda, or lime-exchanger methods than 
with exchangers alone. 

Waters that have been externally 
treated may still require some additional 
treatment to prevent scale, corrosion, 
foaming, or excessive alkalinity in the 
boilers or auxiliary equipment. This is 
especially the case with higher pressures 
and ratings. 


[See General Discussion, p. 1082—ED] 
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Mr. C. M. Joyce.’—In my experience 
with industrial waters and their treat- 
ment for use in the nitrate plastics in- 
dustry, it is necessary to get as low as 
0.01 ppm. iron and not ever 0.002 ppm. 
manganese. When Mr. Miller says that 
(0.1 ppm. of iron is present does he mean 
that that was the amount before purifica- 
tion? 

Mr. L. B. the manufac- 
ture of fine papers, you can use water 
up to 0.1 ppm. in many cases. It is 
desirable to go below that, especially in 
the plastics products that you refer to. 
It is well known that you do have to 
have water of far Jower iron and man- 
ganese content for plastics of some types 
than you do in the manufacture of paper 
products. But it seems as though in 
the treatment of pulp, particularly the 
washing of the pulp, the iron is adsorbed, 
and even though you have very low iron, 
in the water it builds up and up until 
you actually get quite an undesirable 
effect in the pulp. 

Mr. Joycr.—Well, the water we puri- 
fied had only 0.1 ppm. of iron and we 
have to bring it down to 0.01 ppm. to 
use it, 

Mr. Mitter.--In the treatment of 
the water to remove iron, it is quite 
difficult, as you know, to get it down to 
that concentration of iron; as a matter of 
fact, one tenth is moderately hard to 
obtain, although it can be done, and it 
is much easier if you do not have to re- 
duce the iron content of the water to 


1 Chemical Engineer, E. 
Co. Inc., Arlington, N. J. 

2 Chemical Engineer, Consulting Div., 
Betz, Philadelphia, Pa. 
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below 0.2 to 0.3 ppm.; but in the case of 
high-grade papers, it would probably 
become too expensive to decrease the 
iron down as low as you need to have it 
but this is advantageous. 

Mr. WILLIAM STERICKER.*—In con- 
nection with the statement on the hard- 
ness, I did not understand Mr. Miller 
to bring out one point which I think is 
important. High bicarbonate content 
often interferes with sizing by requiring 
much larger amounts of alum. 

I also raise the point here that I do 
not think it is objectionable to have the 
amounts of silica that were stated. I 
agree that it is taken up in the pulp, 
but this is advantageous. 

Mr. MILrer.—In regard to your latter 
point, in my paper it is stated that even 
37 ppm. of silica probably would not 
cause an undesirable effect, although 
there was a possibility that under certain 
conditions, you might get a slightly un- 
desirable effect. Actually, I don’t know 
precisely what the limit is. We were 
not able to determine that from the 
questionnaires and from the information 
that we obtained from the industry. 
All we could get was a rather general idea 
on silica, because it is one of the things 
that isn’t particularly undesirable and 
therefore it has not been investigated 
very closely. The presence of silica in 
process water is not especially unde- 
sirable in the manufacture of fine 
papers, unless present in considerable 
quantities. In the washing of high- 


3 Development Chemist, Chemical Dept., Philadelphia 
Quartz Co., Philadelphia, Pa. 
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grade pulps, however, silica is adsorbed. 
This increases the ash content of the 
pulp and this is undesirable. 

Now, take iron; of course, we know 
pretty well where we stand there. 

Regarding the effect of high bicar- 
bonate content, perhaps it would have 
been better if I had stated that it in- 
creased the usage of chemicals and in- 
cluded both alum and sizing. I revert 
to sizing because sizing, of course, is 
much more expensive than alum, and 
alum is comparatively cheap, but it is 
perfectly true that a high bicarbonate 
water requires both more sizing and more 
alum in it. 

Mr. Rospert C. Apams* (presented in 
written form).—This discussion has pro- 
vided a framework which can be de- 
veloped into a system of classification 
suitable to the need of Committee D-19 
and the Society. This need is for a 
method by which both the similarities 
and differences among various waters 
can be shown in an understandable way. 
No two waters are identical but the 
treatment of each water for each pur- 
pose must not always be custom de- 
signed. 

Mr. Collins has selected a represen- 
tative group of waters based upon the 
six ions considered. This group could 
be enlarged to include some unusual 
waters but I think very few additions 
will be desired. The simplicity and 
usefulness of the classification will suffer 
if the number of specimens becomes so 
large that they must be grouped instead 
of standing as individuals. Most of the 
variants will introduce problems of one 
or a few additional constituents. For 
instance iron, or color, or silica might be 
an additional constituent of any of these 
waters and the treatment problems 
which they introduce should be dealt 


‘ Assistant Head of Chemical Laboratory, U'S. Naval 
Engineering Experiment Station, Annapolis, Md. 
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with separately in discussion of the appli- 
cations which they affect. 

Mr. Miller’s paper is of exactly the 
type required to fill out the framework 
and vitalize the proposed system of 
classification. It does not presume or 
attempt to provide complete instruc- 
tions for water treatment in the field 
considered but it does give a clear state- 
ment of the problems to be expected 
from use of the specimen waters and the 
special additional considerations in- 
volved in use of water for paper making. 

Mr. Holmes’ and Mr. Hall’s papers, 
especially the latter, show that no un- 
treated natural waters can be expected 
to be completely satisfactory for steam 
generation. The nature and cost of the 
reconstitution and treatment of the sev- 
eral specimen waters varies not only 
with their composition but with many 
other factors than the operating pressure 
dividing the two papers. This is too 
complex a problem for summary treat- 
ment but mere listing of the variables 
involved is valuable. 

The treatment of various waters for 
their manifold uses is so complex that 
exact instructions for the use of all 
waters for specific applications can 
scarcely be provided in any system of 
classification or any manual. Certainly 
Committee D-19 does not hope to pro- 
vide Everyman’s Water Consultant for 
publication by the Society. Because 
that task is too forbidding we should not 
shrink from the lesser one of indicating 
the general nature of water treatment 
and the applicability of water types to 
certain uses. The effort to make the 
problems of water use and treatment in- 
telligible to the layman and the beginner 
does not derogate the responsibility and 
skill of the specialist, for whom there is 
no substitute. The specialist, however, 
should avoid the attitude that his eso- 
teric knowledge cannot be understood by 
the uninitiated lest more articulate scien- 
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tists displace him as scientists have 


_ always displaced magicians. 


The framework of a system of classifi- 
cation has been erected and this group 


_ profitably can spend considerable time 


in completing the structure begun today. 

Mr. R. T. SHEEN® (presented in writ- 
ten form).—Mr. Collins’ selection of 
typical analyses for classification with 
reference to industrial use has been made 
primarily with reference to the distribu- 
tion of population in the United States, 
and he points out that these analyses 
represent roughly the composition of 
public water supplies used by ‘‘about 45 
per cent of the total population of the 
cities of the United States that have 
more than 20,000 inhabitants.” 

The use of water for industrial pur- 
poses does not necessarily follow popu- 
lation concentrations, and, in fact, is 
hardly compatible with the distribution 
of population. Two examples of in- 
dustrial waters not illustrated in the 
typical analyses given will serve to illus- 
trate this point. There is no typical 
analysis of waters such as found in the 
states of Washington and Oregon, with 
high silica but low total dissolved solids, 
with silica forming 30 to 50 per cent of 
the total dissolved solids. There is, 
however, a huge industrial use of this 
water by the paper mills in these states. 
A single moderately sized paper mill 
may require 10,000,000 gal. of water 
per day, sufficient for a population for 
domestic requirements of 100,000 people, 
and it will not take many paper mills to 
add up to a water demand comparable 
to a population far in excess of that found 
in those two states. Such waters should 
be considered in an industrial classifica- 
tion. 

The second type of water not illus- 
trated is that found in the city of Pitts- 
burgh and at the point of confluence of 


§ Associate Director, Consulting Div., W. H. & L. D. 
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the Monongahela and Allegheny Rivers — 7 


forming the Ohio River. It has been 
reported that due to the heavy industrial 
load in this section, the entire contents 
of these rivers are used several times over 
by the industries bordering on these 
streams, a tremendous industrial load 
in ratio to the population, a water of 
medium hardness but very low alkalin- 
ity. The ratio of industrial use to popu- 
lation, for example, will be many times 
that illustrated by analysis No. 1 on 
the New York City supply, where the 
principal load is purely a domestic load 
and industrial load to domestic load a 
small fraction of that found in the Ohio 
Valley section. 

While the above comments have been 
made with particular reference to the 
typical analyses as presented, I believe 
there is a serious question as to whether 
this is the correct approach to the prob- 
lem, referring to any typical analysis. 
The possible permutations and combina- 
tions of factors in an analysis are legion. 
It is not possible to use as a yardstick 
the actual combination of ions—as any- 
one versed in water technology will never 
say that a certain water is type 2, or 8, 
without qualifying the opinion with 
reference to variations in the content of 
certain individual ions, or the effect of 
these particular constituents or a group 
of constituents to a particular use. 
Each author that has dealt with a phase 
of this subject, in considering his subject, 
has dealt with the limitations on ions, 
or groups of ions, or characteristics 
based on these constituents. What is 
therefore needed is a classification sys- 
tem that will give the necessary yard- 
sticks for evaluating the behavior of 
water in a given application or in a given 
process. This cannot be done by con- 
sidering composite water analyses, but 
must be a consideration of the limits on 
those ions or constituents or qualities 
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that directly affect the use of the par- 
ticular water in the particular process. 
Such waters as listed may then be used 
as illustrative of the application of these 


TABLE I--SUGGESTED CLASSIFICATION SYSTEM 
FOR INDUSTRIAL WATERS. 


1. Classification for General Industrial Use: 
_ A. Corrosivity: 
(1) At temperature as received. 
(2) At elevated temperatures. - 
_B. Scale or Deposit-Forming Characteristics: 
(1) At temperature as received. 
(2) At elevated temperatures. 
C. Drinking and Sanitary Use: 
2. Classification for Treatment Methods: 
_A. Exchange Materials: 
: (1) Zeolites, greensand and synthetic. 
(2) Carbonaceous exchangers. 
(3) Resins. 
‘iB. Lime and Soda Softeners, Hot and Cold. 
C. Clarification and Color Removal. 
D. Evaporation (other than in boilers). 
Classification for Use as Boiler Feed Water: 


Characteristics of Boiler Feed Water. 


Effect on (1) Feed water lines 
(2) Heaters 
Economizers 
4) Regulators and other appur- 
tenances before entry to 
boiler. 
-B. Characteristics of Boiler Waters: 
(1) Limits on solids, dissolved and sus- 
pended. 
(2) Limits on ions and other constituents. 
(3) Effect of temperature. 
C. Characteristics of Steam and Condensate: 
Effect on (1) Steam lines. — ay 
(2) Turbines. 
(3) Condensers 
(4) Returned condensate lines. 
4. Classification for Use by Industry and by 
Process: 
Paper 
. Textile 
. Breweries and Distilleries 
. Tanneries 
Food 
. Chemical Process 
. Other Uses 


fundamental standards of classification— 
but these fundamental standards are 
first necessary—typical analyses should 
come later. This committee cannot 
hope and should not attempt more than a 
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certain characteristics. 


general classification of waters—the final 
interpretation of a water analysis for its 
application to a given process is the 
business of those specializing in water 
technology and with an intimate knowl- 
edge of the subject. To attempt more 
than a general classification would be to 
contribute to the confusion of the sub- 
ject rather than to the clarification. 

The question next arises as to what 
simple method of classification can be of 
service. Perhaps the general outline in 
Table I could serve as a starting point, 
with what modifications as may appear 
necessary or desirable following some 
study. 

Classification according to some such 
general system as shown above is a 
fundamental approach to the problem. 
For example, there are many industrial 
users of water who are interested only in 
the general classification as given under 
Section 1, that is, will the water corrode, 
will it form scale deposits, and is it fit 
to drink? There have been consider- 
able data published in the course of the 
past few years that will permit evalua- 
tion of waters according to such stand- 
ards. The work of Langelier and others 
will be helpful in this respect. Certain 
Treasury standards are already avail- 
able, to which reference can be made in 


standardizing on the potability of a 
water supply. 


Most of the waters 
shown in the various typical analyses 
could be either corrosive or scale-form- 
ing, depending on the pH value, and it 
is the behavior of a certain group of 
constituents that will determine these 
It should not 
prove too great a task for this com- 
mittee to define yardsticks that can be 
applied in classification of a water for 
general industrial use according to these 
characteristics. 

The second classification suggested is 
for treatment methods. Certain waters 
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are suitable for zeolite softening as re- 
ceived, others must be conditioned and 
limits may be defined for the pH value, 
limitations on anion or cation content, 
or general classification made defining 
the general characteristics required be- 
fore a water can be treated in one of 
these unit processes of treatment. For 
example, a raw river supply cannot be 
treated by base exchange methods prior 
to removal of the turbidity to below cer- 
tain defined limits. 

The third method of classification is 
for use as boiler feed water, and in this 
case the general characteristics can be 
classified in the three stages in which 
water is used and in which it is present 
in the cycle, namely, as the boiler feed 
water, boiler water, steam and conden- 
sate. Limits of concentrations can be 
defined on ions and on gases or at least 
certain general broad classifications made 
that will be of service. This system of 
classification is fully compatible with 
the remarks affecting classification made 
by the two authors writing on the sub- 
ject of boiler feed water. Any of the 
typical water analyses would have to 
be first classified for treatment methods 
and then further classified following the 
treatment, according to their characteris- 
tics in this third general classification. 

The last suggested system of classifica- 
tion is according to the use by industry 
or by individual process and it is well 
realized that this covers a very broad 
field. 

Mr. L. B. Miller’s paper gives us an 
excellent approach as to the complexity 
of this problem applied to the paper 
industry and here again it will be noted 
the classification is a question of toler. 
ance as far as individual ions 
constituents are concerned. Certain 
generalizations are possible for different 
types of paper to be manufactured. A 
similar approach can be made in the 
other industrial classifications as sug- 


gested for textile, breweries and distiller- 
ies, tanneries, food industries, and other 
processes. It must again be emphasized 
that classifications for these several fields 
can only be general, but it must be a 
classification according to certain charac- 
teristics or constituents of waters, not 
according to a certain type of water as 
illustrated by a given analysis. 

This committee can render a service 
to industry by attempting a classifica- 
tion of industrial waters along the lines 
as suggested or along some similar line, 
and while this undoubtedly will be a 
long-time project because of the scope 
of the work to be covered, if confined to 
the general system of classification, it 
should be possible to effect a system 
that would prove workable in its appli- 
cation. 

Mr. FRANK N. SPELLER.'—After hear- 
ing this discussion, I cannot help but feel 
that we have received a pretty good 
groundwork for consideration of a very 
complicated problem. If headway is to 
be made, I believe it must be somewhat 
along the lines just indicated by Mr. 
Sheen in his scheme of classification ac- 
cording to the use to which the water is 
put. It may be well to start with the 
problem of cooling and potable domestic 
water for example and first determine 
the range of composition that is permis- 
sible without treatment. 

Chemical or physical treatment would, 
no doubt, bring into such use some other 
waters and change the classification. 

The typical waters described by Mr. 
Collins gives us very useful information 
as to the range of composition in general. 
However, the problem is so complicated 
and so bound up with the special require- 
ments of specific industries, that it seems 
logical to consider the major uses of 
water separately. 


6 Metallurgical Consultant, Pittsburgh, Pa. 


| 1 
1 
i 
| t 
k 
h 
re 
li 
| I 
H 
Or 
We 
| Sh 
ce} 
an. 
sol 
| ity 
Mi 
tre 
iror 
try, 
| this 
gase 
cert 
bica 
addi 
in d 

Is st 
thin] 
in 
term 
pred 
of a 
of tl 


The principal objectionable properties 
of industrial waters are the corrosivity 
and scale-forming characteristics. These 
are the problems that were uppermost 
when the matter of classification was first 
discussed in Committee D-19. 

In conclusion it seems to me that be- 
fore embarking on a study of classifica- 
tion in general we should survey the 
water specification limits of the major 
industries and concentrate on one or 
two of the most important—forgetting 
boiler feedwater for the present which 
has received perhaps more than its share 
of attention. 

Mr. A. H. ReEynotps.’—I have a few 
remarks that are very much along the 
lines of some of the previous discussion. 
I believe that if Mr. Holmes or Mr. 
Hall were given the analyses that Mr. 
Collins has prepared, they would, based 
only on those analyses, be able to make 
a fairly satisfactory evaluation of these 
waters for certain purposes, but as Mr. 
Sheen has also brought out, there are 
certain things that appear lacking in the 
analyses if these analyses are to be the 
sole basis for determining the suitabil- 
ity of a water. For example, in Mr. 
Miller’s paper, he pointed out the ex- 
treme importance of manganese and 
iron in waters used in the paper indus- 
try, and, of course, we would not get 
this information from the above analvses. 

Mr. Holmes mentioned the various 
gases, and Mr. Hall went on to point out 
certain mechanical devices and the 
bicarbonates or semi-fixed COs as being 
additional factors of prime importance 
in determining whether or not a water 
is suited to do a certain job. Now, I 
think that those things that are omitted, 
in some instances at least, are the de- 
termining factors. They may be the 
predominating factors. If an analysis 
of a water is made and if the suitability 
of that water for certain purposes is 
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determined by comparison with stand- 
ard analyses, any other information 
that is available must not be discarded 
but must be considered along with that 
analysis. 

Along the line of added information, 
that we might find valuable, would be 
something of the history of these waters 
that Mr. Collins has used as standards. 
For example, he has told us that he used 
as No. 1 the Catskill water and No. 3, 
I believe, was the Lake Michigan water 
or the Great Lakes water. If we had 
no other facts about those two supplies 
other than their source, we would have 
a great deal of information. We would 
know how they are used in various in- 
dustries and whether satisfactory or 
unsatisfactory results were obtained 
from their use. If we knew, even with- 
out having an analysis of it, that a water 
was similar to that used in New York 
City or in the Great Lakes area, we 
would have valuable information as to 
its suitability for certain purposes. 

I think, therefore, it is somewhat of a 
mistake to choose as standard waters 
supplies from limited areas, where there 
is lacking ample information as to the 
results of their use in various industries. 
At least we should choose water from the 
largest community that would be repre- 
sentative of that type of water, and indi- 
cate the community from which it is 
chosen. I think such information would 
be valuable. 

Mr. Mitier.—As a basis for the dis- 
cussion of the use of industrial water, 
waters were classified by Committee 
D-19 on the basis of their more common 
inorganic constituents. This method of 
classification was used in the preparation 
of the several papers presented at this 
meeting on process water in the pulp 
and paper industry, and on- boiler feed- 
water for boilers operating over different 
ranges of pressure. In the discussion 
which followed the nen of these 
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several papers, other methods of water 
classification have been suggested. 

In this connection I wish to describe 
the method which has been used by the 
- Water Committee of the Technical Asso- 
ciation of the Pulp and Paper Industry 
in its investigations of the quality of 
water required for the manufacture of 
fine papers. The Water Committee 
first listed those ions and other constitu- 
ents which are rather commonly found 
in process water used in the manufac- 
ture of fine papers and some of which 
are known to influence the quality of 
paper products manufactured through 
the use of such process waters. Having 
listed the constituents believed to be of 
importance, the committee then pro- 
ceeded to collect pertinent information 
regarding the concentrations of the vari- 
ous ions and constituents which were 
found to be satisfactory in water used 
as process water and the concentrations 
which had been found by actual operat- 
ing experience to be detrimental to the 
quality of the resultant product or to 
interfere in the operating process. 

From the information obtained, per- 
_ missible limits for the concentrations of 
the several constituents were determined, 
and a T.A.P.P.I. Standard was pre- 
pared setting forth the maximum per- 
missible limits for these constituents in 
water used as process water for the 
manufacture of fine papers. This Stand- 
ard was published as T.A.P.P.I. Ten- 
tative Standard E-600s-44 in the Paper 
Trade Journal for May 25, 1944. I do 
not recommend this as another method 
of classification which Committee D-19 
of the A.S.T.M. should preferably use 
for its work on industrial water. I 
merely wish to point out that this system 
of classification did work reasonably 
well in the work on process waters used 
in the manufacture of fine papers in the 
investigations of the T.A.P.P.I. Water 
Committee. 


In the work of our T.A.P.P.I. Water 
Committee we did not consider that the 
method of classification of water was too 
important. We did have as our objec- 
tive the collection of information on 
water used as process water in the manu- 
facture of fine papers which would per- 
mit the paper industry to operate more 
intelligently in the selection of suitable 
sources of raw water, in determining 
what treatment was required in order to 
fit a selected water for use as process 
water in the manufacture of fine papers, 
or to determine whether difficulties en- 
countered in paper manufacture or in 
the quality of manufactured papers 
might be due to the quality of the water 
being used as process water. We be- 
lieve that we have achieved a certain 
degree of progress and obtained results 
which are at least reasonably satisfactory 
in this connection. 

As I understand it, the objective of 
Committee D-19 in their work on indus- 
trial waters is similar to the objective of 
the T.A.P.P.I. Water Committee in that 
both committees wish to obtain per- 
tinent information on the quality of 
water which it is permissible to use for 
different process purposes. In this con- 
nection, I use the term ‘“‘process pur- 
poses” in its widest meaning. This im- 
plies that we wish not only to obtain 
such pertinent information but, what 
is more important, to place it in the 
hands of those individuals who can use 
this information to advantage. The 
sooner this objective is accomplished, 
the better. Keeping this objective in 
mind, the question of the most suitable 
method of classifying waters becomes a 
secondary matter. We have had a 
number of methods of classification sug- 
gested. If possible, Committee D-19 
should select the best method of classifi- 
cation for its use. The selection of the 
most suitable method of classifying 
waters does not appear to the writer to 
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be nearly as important as fo select a 
method of classification which is at least’ 
reasonably satisfactory and to do so 
promptly so that rapid progress can be 
made in the assembly and dissemination 
of useful and pertinent information which 
will lead to a more intelligent use of 
industrial waters. No system of classi- 
fication will prove to be perfect. The 
more time that is spent in considering 
methods of classification, the longer it 
will be before the real objective of the 
committee is achieved. 
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alyses, much more comprehensive than 
those given. 


Fluctuation in Composition: 


Perhaps the greatest drawback to clas- 
sification of industrial waters, on the 
basis of chemical analysis, is fluctuation 
in composition of the source of supply. 
Presumably, the typical analyses of 
Tables I and II of Mr. Collins’ paper 
refer to waters of fairly constant com- 
position. However, natural streams 
supply a large portion of the water used 
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_ Fic. 1.—Fluctuations in pH Value and Dissolved Salts Concentration of the Ohio River at 
Pittsburgh, Pa. 


Mr. S. F. my opinion, 
it is well nigh impossible to classify 
natural waters for industrial use on the 
basis of chemical analysis alone. It 
seems to me that attempts along this 
line can lead only to greater confusion 
than already exists. Any such classi- 
fication, to be complete, would neces- 
sarily require hundreds, or perhaps 
thousands, of so-called ‘‘typical” an- 


_ 5Chief Chemist, Power Stations Dept., Duquesne 
Light Co., Pittsburgh, Pa. 


in industry, and, like the Allegheny, 
Monongahela, and the Ohio Rivers in 
the Pittsburgh area, they may vary 
widely in chemical composition. For ex- 
ample, in the accompanying Fig. 1 are 
plotted the pH and dissolved salts of the 
Ohio River at the James H. Reed Power 
Station over a period of several years. 
It is to be noted that the pH varied from 
approximately 3.5 to 7.5, and the dis- 
solved salts from 50 ppm. to 400 ppm. 
How would such waters be classified 
under this proposed scheme? 
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Let us pause for a moment and con- 
sider the objective in classifying waters 
for industrial use. If it is as Mr. 
Schroeder suggests, to “judge the suit- 
ability of water for a given industrial 
process by comparing its analysis with 
the analysis of other waters whose be- 
havior in the process is known,” then 
such a scheme may be of use where no 
chemical treatment is required; but cer- 
tainly, where treatment is necessary, 
the choice of methods should be based on 
scientific principles, and not on ‘‘follow 
the leader’ tactics. Just because a 
method of water treatment is reported 
to give satisfactory results does not 
mean that it is the most logical and best 
suited for the job. For example, a 
canvass of industry would show numer- 
ous cases where zeolite softening is giving 
results termed satisfactory, even though 
some other treatment would have been a 
more scientific choice, and vice versa, 
Standardization of treatment methods. 
based on industrial practices, would tend 
to perpetuate ‘“‘potato peeling” treat- 
ment, and definitely stymie progress. 

Furthermore, water quality is seldom a 
criterion in the location of most indus- 
tries. Other considerations, such as the 
source of raw material, the proximity of 
markets, availability of labor, quantity 
of water, etc., usually outweigh the water 
quality problem, and the chemist is 
forced to do the best he can with the 
water at hand. While this condition is 
not the most favorable from the chem- 


ist’s viewpoint, it is not too alarming,: 


since the science of water treatment has 
progressed to a point that any water 
can be conditioned for any industrial 
use; cost is the principal consideration. 

Another obstacle in classifying indus- 
trial waters on the basis of analyses is 
the fact that in most industries, water 


‘ for a number of purposes. 


from one or more sources is usually used 
For instance, 
in one of our power stations, the same 
source of supply, river water, is treated 
in four different ways for four distinct 
uses: namely, boiler feed; main unit 
condenser cooling; bearing, compressor, 
etc., cooling; and sanitary and drinking. 
At other stations, the river water supply 
is supplemented by deep well water, in 
one station for cooling water and at 
another for sanitary purposes. In many 
industries, the set-up is much more 
complicated, making classification of the 
supply waters of little or no value to 
similar industries. 

Instead of classifying industrial waters 
on the basis of analyses, it seems to me 
that Committee D-19 could render more 
valuable service to industry by classify- 
ing the various methods of water treat- 
ment on the basis of initial and final 
analyses, defining the limitations of 
each method and giving relative cost 
figures, as Mr. Holmes has done in part 
in his paper. To a limited degree, 
manufacturers of water treating equip- 
ment use this principle with their own 
figures in selling their products. 

Industry is primarily interested in the 
final water after treatment, and there- 
fore, Committee D-19 might also con- 
sider writing Water ‘Specifications for 
the various uses in each industry, essen- 
tially as Mr. Miller has done for the 
paper industry and Mr. Hall has initi- 
ated in steam generation. A good ex- 
ample of the successful use of such 
water specifications is the Drinking 
Water Standards of the United States 
Public Health Service. 

A knowledge of the proper applica- 
tions and limitations of the various 
water treating methods and water speci- 
fications for various uses in industry 
would aid both the operating en 
and the specialist. 
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GENERAL Discussion 


Mr. L. E. Day® (presented in written 
form).—Mr. ‘Collins presented a very 
simple and practical graphical method of 
reporting the results of water analyses. 
However, it has the disadvantage of 
being unable to show the analyses of 
waters of widely different total solids 


contents. If the scale were chosen 
such that a water of medium solids 


content would cover a fair portion of the 


_ sheet, the constituents of a very pure 


water would lie so close together that 
they could not be read. On the other 


hand those of extremely high concen- 
- trations would be off the scale. 


Percentage = 
of ions 2 
100 2.9000 
1.000 
» 200 
60} 
40+ 50 
20+ +10 
10 


I recommend that the committee con- 
sider the graphical presentation of the 
per cent of ions rather than the actual 
quantities. In this way a form sheet 
could be prepared with a block of a 
certain convenient size provided for the 
graphic chart of the ions. This block 
would be completely filled irrespective 
of the total solid concentration of the 
water. Besides ease of presentation, 
this method would show the type of 
water irrespective of the dilution or con- 
centration. A water having a certain 
graphical pattern as described above 


* Mechanical Apparatus Section, Engineering Dept., 
Westinghouse Electric Elevator Co., Jersey City, N. J. 


could be diluted with distilled water 
(condensate) or concentrated by evapo-_ 
ration as in a spray pond, provided no 
solids separated nor carbon dioxide 
escaped, without changing the pattern. 
Water of analysis No. 3 would be 
presented as calculated below: 


Cations epm. epm., epm., per cent, 
percent cumulative 
1.80 64.8 64.8 
Magnesium 24.0 88.8 
Sodium and pot....... 0.31 11.2 100.0 
Total cations....... 2.78 100.0 Ao 
Anions 
Bicarbonate.......... 1.95 70.2 70.2 
Sulfate ie .. 0.46 16.5 6.7 
13.3 100.¢ 
Total anions....... 2.78 - 
Mayor Minor 
Constituents, constituents, 


ppm. ppm. 


Total solids 
Total hardness 


af: 1 Fic. 3. 


In-some cases this chart, as shown in 
the accompanying Fig. 2, plus the figures 
for the various quantities in epm. and 
ppm. will be sufficient. However, when 
it is desired to present the quantities of 
the impurities by graphical means, an 
additional chart (Fig. 3) should be 
constructed plotted on a logarithmic 
scale so that waters of all concentrations 
may be shown. This second graph 
would show the impurities such as silica, 
iron and manganese which are not shown 
on the first chart, together with total 
solids and total hardness expressed as 


ppm. 
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Messrs. L. Drew Betz’ JOHN 
J. Macurre” (presented in written 
_ form).—The inclusion of the pH of the 
_ various water supplies in the analyses 
"% submitted would have been very helpful 
particularly with respect to the selection 
» _ of the various means of softening external 
to the boiler. This is not to be con- 
_strued as any criticism of Mr. Holmes’ 
paper as we understand he merely dis- 
_ cussed the analyses as submitted but this 
_ statement should be accepted as a sug- 
_ gestion in the submission of the various 
_ water analyses themselves. 
_ Our thoughts on the comments of the 
_ various water analyses are in substantial 
- agreement with those expressed by Mr. 
_ Holmes and the following remarks should 
be considered as an addition to these 
_ remarks rather than a criticism of the 
_ paper. We do wish to briefly discuss 
the characteristics of several of these 
supplies primarily to illustrate that when 
water is considered for use as _ boiler 
feedwater it is impossible to state au- 
_thoritatively what results will be ob- 
7 tained in the way of boiler scale or sludge, 
corrosion, pitting, intercrystalline crack- 
ing, carry over, turbine deposits, steam 
or return line corrosion and rate of blow 
down, without possessing at the same 
- time an exact knowledge of the physical 
and mechanical characteristics of the 
power plant. The type of boiler, oper- 
ating pressure, steam temperature, de- 
gree of deaeration, the installation of 
economizers, desuperheaters and blow 
down heat recovery apparatus are some 
of the factors possessing a direct bearing 
7 on the results obtainable in the treat- 
ment of a water supply and all have a 
bearing in choosing the best method of 
i either external or internal boiler feed- 
water treatment. In other words the 
complete treatment to be applied to any 
water cannot always be selected from 
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the water analysis alone but must be 
considered together with the equipment 
and the system in which the water is 
evaporated. 

The type of water available for a 
plant may, in turn, materially affect the 
mechanical installation that can be 
made. For example, if a plant were 
being considered to operate at 900 psi., 
100 per cent make-up and if water as 
indicated by analysis No. 8 were the 
only available supply, an inspection of 
Table B of Mr. Holmes’ paper will show 
that it would not be practical to treat 
this water by any of the methods of 
softening tabulated, as the water so 
treated would develop a total solids con- 
tent in excess of the allowable limits set 
by The American Boiler Manufacturers 
Assn. in their guarantees on steam purity. 
Approximately 50 per cent blow down 
would be required with the treated 
water of lowest solids content. Even 
if this plant were designed for much 
lower pressurc, the rate of blow down 
would be excessively high. 

In some cases where the dissolved 
solids content of the water is high, the 
installation of oversize steam drums, 
steam washers or separators are required 
and the choice of the mechanical equip- 
ment installed should be selected only 
after a careful study has been made of 
the characteristics of the available boiler 
feedwater. Consequently it is obvious 
that in the selection of the method of 
chemically conditioning the boiler feed- 
water, the power plant designer and the 
water chemist should work hand in hand 
in order to produce the plant installa- 
tion best adaptable to both mechanical 
and chemical requirements. Unfor- 
tunately, too many occasions occur where 
the water chemist is not consulted until 
after the mechanical equipment is in- 
stalled and ready to operate, and ob- 
viously it is then too late to include any 
recommendations of the water chemist. 
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As stated by Mr. Holmes, examples 
Nos. 1 to 9 increase in their undesirabil- 
_ ity as boiler feedwater and without ques- 
tion analysis No. 1 is by far the best. 
---The chief complicating factor with 
water No, 2 is, as stated, the color of 
200 units. Such waters do possess a 
- tendency to cause foaming, but our ex- 
Besa has shown that if proper in- 
ternal treatment control is exercised, no 
_ carry over will result. The development 
of special techniques in the control water 
analyses has been found necessary be- 
cause of the highly discolored boiler 
water and the resulting obscuring of ti- 
tration end points. 
The internal treatment of water No. 3 

-as 100 per cent make-up is feasible al- 

though it may not in all cases prove to 

be the most economical for low-pressure 
boiler operation. As another example 
of the effect of plant characteristics, if 

90 per cent condensate were returned 

and only 10 per cent make-up required 

using a water of the analysis of No. 3, 

the resulting boiler feedwater would then 

be superior in every respect to water No. 

1 and internal treatment alone is capable 

of producing excellent results over the 

entire 100 to 400 psi. range. 

The silica content of water No. 4 is 
particularly disadvantageous for pres- 
sures approaching 400 psi. and at higher 
percentages of make-up water the in- 
corporation of silica removal in the ex- 
ternal treatment process would be highly 
desirable. Because of the natural mag- 
nesium and iron content of this supply 
the lime-soda process would be favored 
over the zeolite process of water soften- 
ing. 

In respect to water No. 5, it might be 
added that the natural nitrate content 
of 13 ppm. as NO; is quite likely to be 
sufficient to develop a satisfactory so- 
dium nitrate—sodium hydroxide ratio 
for the inhibition of intercrystalline 
cracking with proper internal treatment 
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of the water, involving a decrease in the 
bicarbonate content. 

As stated, the sodium-hydrogen ex- 
change process is the best method for 
reducing the solids content of water 
No. 7. However, no reduction in the 
silica content would be effected by this 
process. With a reduction in solids as 
shown in Table B to 125 ppm., the silica 
would constitute 17.6 per cent of the dis- 
solved solids. At pressures approaching 
400 psi., full advantage of the lowered 
feedwater solids in permitting a low 
rate of blow down could not be secured. 
The silica content of the boiler water 
rather than the solids content would then 
be the main factor limiting the blow 
down rate. 

We agree with Mr. Holmes’ statement 
that the externally treated waters will 
possess an average residual hardness of 
from 1 to 4 ppm. in exchanger treated 
water but disagree with his statement 
that the residual hardness in lime-soda 
softened water will average 3 to 10 ppm. 
Hot lime-soda softeners, as usually 
operated for the treatment of boiler 
feedwater, show an average hardness 
which will vary between 15 to 20 ppm. 
as CaCOs. 

We appreciate the opportunity of dis- 
cussing Mr. Holmes’ paper and compli- 
ment him on the splendid manner he has 
handled this subject. 

Mr. J. A. Hortmes" (by letter).— 
Mr. Sheen’s discussion, as well as others, 
are deeply appreciated, however, the 
original idea of the tables presented by 
Mr. Collins was not for a definite classi- 
fication of waters, but rather to act as a 
guide for the analyst. As pointed out in 
previous discussions, an analyst may be | 
presented with the problem of analyzing 
a water, perhaps something which he has 
never done before. It was my idea that 
this analyst be given a yardstick or 


t Assistant Vice-President, National Aluminate Corp., _ 
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examples of what typical analyses of 
waters might be so that he would at 
least have some idea of what to expect. 

An exaggerated example of the need 
for such and which actually occurred 
was the report of an analyst showing 
calcium and magnesium contents in a 
water from one of the Great Lakes that 
was higher than that of sea water. Had 
the analyst referred to Mr. Collins’ 
table he would have been warned that he 
had better recheck his analysis, his 
calculations, or send the water to a 
laboratory specializing in water analysis. 

The purpose of the symposium was to 
determine whether this table could in 
some way be used as a basis for the start 
of a method for classifying water, or 
whether any method of classification 
was necessary. 

At the 1942 meetings it was the 
consensus of all but a minority that 
any classification was either impossi- 
ble or unnecessary and that the com- 
mittee should be dissolved, whereas 
at the 1944 meeting the majority seemed 
to think that some form of classification 
of waters would be of value. The classi- 
fication of deposits seems feasible, there- 
fore, some method should be devised 
enabling us to classify the waters that 
cause these deposits. 

Typical analyses are still used for 
metals, coals, etc., and I believe the 
Collins’ table should not be abandoned 
because it merit for comparison 
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purposes, which purpose should not be | 
misconstrued with classification as it 


was never intended to function entirely _ 


as such. 

Mr. W. C. SCHROEDER™ (author’s — 
closure by letter)—This_ session has 
achieved its purpose of securing expres- 
sions of opinion as to whether the 
classification of industrial waters is 
desirable and as to how it may best be 
done. The consensus of thought now 
appears to be that classification is fine— 
if an acceptable method can be found. 

A diversity of ways of grouping waters 
systematically has been proposed, rang- _ 
ing from pure comparison with “types” 
to complete definition of ‘‘tolerances.” 
In a sense these ideas are not incom- 
patible for they vary only in the exacti- 
tude with which they attempt to set up 
limits. It is quite probable that some 
industries which use water have rigorous" 
requirements with respect to certain 
concentrations of impurities. In many 
more cases limits cannot be set because 
of insufficient knowledge or because of 
lack of agreement. 

Mr. Holmes has indicated how difficult 
a problem classification has been for the 
Subcommittee. As its new chairman, 
he inherits the task of evolving a work- 
able standard. The retiring chairman 
wishes him well. 


12 Assistant Chief, Fuels and Explosives Service, U.S. 
Bureau of Mines. . 
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SUMMARY OF PROCEEDINGS OF THE CINCINNATI SPRING. 
MEETING—SYMPOSIUM ON THE APPLICATIONS OF 
a SYNTHETIC RUBBERS 


The fourteenth Spring Meeting of the Society was held in Cincinnati, 
Ohio, Wednesday, March 2, 1944, in conjunction with the Spring Group 
Meetings of the A. S. T. M. committees. - 

The meeting comprised a technical program—Symposium on the Applica- 
tions of Synthetic Rubbers—presented at a morning and afternoon session. 
The symposium was sponsored by Committee D-11 on Rubber Products | 
and was developed by the following special committee: 


A. W. Carpenter (Chairman), Manager of Testing Laboratories, The B. F. 
Goodrich Co. 

S. Collier, Manager, Inspection and Control Dept., Johns-Manville Corp. 

H. L. Ebert, Chief Chemist, Mechanical Goods, The Firestone Tire and Rubber _ 
Co. 

H. M. Frecker, Jr., Assistant Manager, Mechanical Goods Development, United — 
States Rubber Co. 

W. H. Gardner, representing A.S.T.M. Committee E-6 on Papers and Publica- 

tions. 

Oliver M. Hayden, Manager, Rubber Chemicals Division, E. I. du Pont de 
Nemours and Co., Inc. 

J. H. Ingmanson, Vice-President, The Whitney Blake Co. 

E. G. Kimmich, Mechanical Goods Development, The Goodyear Tire and Rub- | 

ber Co. 

Irving E. Lightbown, Assistant Manager, Stanco Distributors, Inc. 

S. Maner Martin, Jr., Development Manager, Thiokol Corp. 

W. J. McCortney, Engineer in Charge of Rubber-Plastics Laboratory, Engi- 
neering Dept., Chrysler Corp. 

W. D. Parrish, Technical Service Manager, Hycar Chemical Co. i 

Gerald Reinsmith, Office of the Chief of Ordnance, U. S. Army 

G. H. Swart, Research Director, The General Tire and Rubber Co. 7 


T. A. Werkenthin, Bureau of Ships, U. S. Navy 


/4 The purpose of this symposium was to make available latest information _ 
on properties and applications of the various synthetic rubbers as applied — 

to fields where rubber products are widely used. While for purposes of war Pp 
security, the complete picture was not permitted to be presented at the ~ 

symposium, it is felt that the papers represent a great contribution to the 3 
existing knowledge of synthetic rubbers. The symposium consisted of 
following 14 papers: 


Introduction—A. W. Carpenter 
The Origin and Dev ovemenns of Synthetic Rubbers—Harry L. Fisher 
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Physical Testing of Synthetic Rubber Products—L. V. Cooper 

The Physical Properties of the Synthetic Rubbers—J. M. Ball and G. C. 
Maassen 

Specifications for Synthetic Rubber Compounds—M. J. De France 

The Processing Characteristics of the Synthetic Rubbers and Their Use in the 
Manufacture of Extruded Products—A. E. Juve 


The Use of Synthetic Rubbers in Molded Products—M. J. Sanger A 
Cellular Rubbers—Louis P. Gould 7-49 
Hard Rubber Products from Synthetic Rubbers—Walter H. Juve 


Use of Synthetic Rubber in Footwear—Stanton Glover a 
Synthetic Rubber Adhesives—Fred J. Wehmer ' 


The chairman at the morning session was J. H. Ingmanson, Vice-Presi- 
dent, The Whitney Blake Co. At the afternoon session the presiding officer 
. was Simon Collier, Manager, Inspection and Control Department, Johns- 
Manville Corp. 

) There were more than 600 members and guests in attendance at both 
sessions. 
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Synthetic Rubber Tires and Inner Tubes—P. M. Torrance et ; 
Belting and Hose Made from Synthetic Rubber—W. L. White ,- * 


Synthetic Rubbers in the Wire and Cable Industry—R. A. Schatzel leas “i 
ap 
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_ Accelerated Testing. - 


Additions. 


3 


See Corrosion; Weathering. 


Application of Fly Ash for Lean Concrete 
Mixes—Harry A. Frederick, 810. Dis- 
cussion, 819. 

The.Data on Darex AEA—summarized by 
H. J. Gilkey. Report of Committee C-1, 
Appendix, 300. 

Proposed Method of Chemical Analysis for 
Darex AEA in Portland Cement. Report 
of Committee C-1, Appendix IT, 311. 

The Reaction of Vinsol Resin as It Affects 
the Air Entrainment of Portland-Cement 
Concrete—Charles E. Wuerpel and Albert 
Weiner. Published in ASTM Butzetm, 
No. 130, October, 1944, p. 41. Discussion, 
p. 43. 

Report of Working Committee on Additions. 
Report of Committee C-1, 299. 

Report on Cooperative Studies of Proposed 
Method of Test for Air Content of Portland- 
Cement Mortar. Report of Committee 
C-1, Appendix I, 306. 


Adhesives. 


Summary of Proceedings of the Cincinnati 
Spring Meeting—Symposium on the Appli- 
cations of Synthetic Rubbers, 1095. 


Admiralty Metal. 


Atmospheric Corrosion. Report of Subcom- 
mittee VI, Committee B-3, 224. 


Aggregates. 


Application of Fly Ash for Lean Conrete 
Mixes—Harry A. Frederick, 810. Discus- 
sion, 819. 
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_ A Comparison of Results of Sieving Procedures 
- in Soundness Tests on Maine Sands— 


Andrew Adams and Horace A. Pratt, 806. 
Concrete and Concrete Aggregates. Report 
of Committee C-9, 336. 


Air Entrainment. 


The Data on Darex AEA—summarized by 
H. J. Gilkey. Report of Committee C-1, 
Appendix, 300. 

Entrained Air—Its Effect on the Constituents 
of Portland Cement Concrete—Henry L. 
Kennedy, 821. Discussion, 831. 

Proposed Method of Chemical Analysis for 
Darex AEA in Portland Cement. Report 
of Committee C-1, Appendix IT, 311. 

The Reaction of Vinsol Resin as It Affects the 
Air Entrainment of Portland-Cement Con- 
crete—Charles E. Wuerpel and Albert 
Weiner. Published in ASTM BUuLLeETIN, 
No. 130, October, 1944, p. 41. Discussion, 
p. 43. 

Report of Working Committee on Additions. — 
Report of Committee C-1, 299. 

Report on Cooperative Studies of Proposed 
Method of Test for Air Content of Port- 
Jand-Cement Mortar. Report of Com- 
mittee C-1, Appendix I, 306. 

Volumetric Method for Determining the Air 
Content of Freshly Mixed Concrete—J. C 
Pearson. Report of Committee C-9, Ap- 
pendix, 343. Discussion, > 


Alloy Steel. 


See also Steel. 

Colorimetric Methods for the Analysis of 
Ferrous Alloys—Arba Thomas, 769. 

Cooperative Study of Effect of Rate of Strain | 
on Tensile Properties of Stainless Sheets. — 


Report of Subcommittee V, Committee | ' 


A-10, Appendix, 133. 
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Alloy Steel (Continued). 
Correlation of Short- and Long-Time Elevated 
Temperature Test Methods (Project No. 
25). Report of Joint Research Committee 
on Effect of Temperature on the Proper- 
ties of Metals, Appendix, II, 186. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 


Factors Affecting Hardness Relationships in 
the Range 50 to 250 Brinell—Robert H. 
7 Heyer, 1027. Discussion, 1046. 

— _ Filler Metal. Report of Joint Committee, 

216. 

Iron-Chromium, Iron-Chromium-Nickel and 
Related Alloys. Report of Committee 
A-10, 126. 

_ Magnetic Properties. Report of Committee 

A-6, 114. 

_ Report on Round-Robin Core Loss Testing 
at High Flux Densities. Committee A-6, 
120. 

Study of Effects of Variables on the Creep 
Resistance of Steels (Project No. 18)— 
H. C. Cross and W. Simmons. Report of 

- Joint Research Committee on Effect of 

oq a Temperature on the Properties of Metals, 


Appendix I, 161. 
The Technical Cohesive Strength of Some 
Steels and Light Alloys at Low Tempera- 


—_. tures—D. J. McAdam, Jr., R. W. Mebs, 
and G. W. Geil, 593. Discussion, 624. 


Alloys, Non-Ferrous. 


See also Aluminum; Brass; Bronze; Cop- 
per; Electrical Resistance and Heating 
Alloys; Magnesium; Zinc. 

An Alternate Immersion Test for Aluminum- 
Copper—R. B. Mears, C. J. Walton, and 
G. G. Eldredge, 639. 

Atmospheric Corrosion. Report of Sub- 
committee VI, Committee B-3, 224. 

Chemical Analysis of Metals. Report of 
Committee E-3, 521. 

Colorimetric Determination of Silicon in 
Aluminum Alloys—Joseph J. Stumm, 749. 

Colorimetric Methods for the Analysis of 
Magnesium-Base Alloys—V. A. Stenger, 
754. 

Copper and Copper-Alloy Wires for Electrical 

Conductors. Report of Committee B-1, 

218. 


Copper and Copper Alloys, Cast and Wrought. | 
Report of Committee B-5, 243. 

Corrosion of Non-Ferrous Metals and Alloys. 
Report of Committee B-3, 222. 

Die-Cast Metals and Alloys. Report of 
Committee B-6, 261. 

Effect of Temperature on the Properties of © 


Metals. Report of Joint Research Com- | 


mittee, 159. 
Electrical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys. Report of Com- 

mittee B-4, 240. 

Electrodeposited Metallic Coatings. Report 
of Committee B-8, 278. 

Evolution of Test Specimen for Non-Ferrous 
Castings—A. J. Smith, 625. Discussion, 
636. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 266. 

Metallography. Report of Committee E-4, 
523. 

Micro-Deformation Under Tension and Com- 
pression Loads of Thin Aluminum Alloy 
Sheets for Aircraft Construction—Georges 
Welter, 665. Discussion, 682. 

Non-Ferrous Metals and Alloys. Report of 
Committee B-2, 220. 

A Numerical Rating Method for the Routine 
Metallographic Examination of Commercial 
Magnesium Alloys—P. F. George. Pub- 
lished in ASTM Buttetrn, No. 129, August, 
1944, p. 35. Discussion, p. 43. 

Quantitative Spectrographic Analysis of Cop- 
per Alloys—R. A. Wolfe and Emile J. 
Jemal. Published in ASTM Bvttetin, 
No. 129, August, 1944, p. 45. Discussion, 

Recommendations Affecting Standards for 
Copper and Copper Alloys, Cast and 
Wrought. Report of Committee B-5, 
Appendix, 250. 

Recommendations Affecting Standards for 
Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, Appendix, 270. 

Short-Time Tests of Solders and Soldered 
Joints—J. A. Kies and W. F. Roeser, 691. 
Discussion, 707. 

Spectrographic Analysis. Report of Com- 

mittee E-2, 519. 
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Aluminum. 


An Alternate Immersion Test for Aluminum- Annual Meeting, 1. 7: > Maret 
Copper Alloys—R. B. Mears, C. J. Wal- anodic Coatings. 


ton, and G. G. Eldredge, 639. 
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Atmospheric Corrosion. Report of Subcom- Light Metals and Alloys, Cast and Wrought. 
mittee VI, Committee B-3, 224. Report of C ommatitee B- 7, 266. 


Colorimetric Determination of Silicon in 
Aluminum Alloys—Joseph J. Stumm, 749. 


Die-Cast Metals and Alloys. Report of See Coal. 


Anthracite. 


Committee B-6, 260. 
Factors Affecting Hardness Relationships APParatus, Laboratory. 
in the Range 50 to 250 Brinnell—Robert Methods of Testing. Report of Committee 


H. Heyer, 1027. Discussion, 1046. F-1, 515. : 

Filler Metal. Report of Joint Committee, 

Light Metals and Alloys, Cast and Wrought 

Report of Committee B-7, 266. D-13. 474 ; 

ater and Com Recommendations Affecting Standards for 

<page Lends of Thin Aluminum Alloy Textile Materials. Report of Committee i 

Sheets for Aircraft Construction—Georges D-13. Appendix, 481 > 


Welter, 665. Discussion, 682. 
Recommendations Affecting Standards for Ash Admixture. 
Light Metals and Alloys, Cast and Wrought. 
Application of Fly Ash for Lean Concrete 
eport of Committee B-7, Appendix, 270. Mixes—H: A Frederick, 810, Di q 
Report on Inspections of Metallic Coatings 


on Hardware, etc. Report of Subcommit- cussion, 519. ; _ ne 
tee V TIT, ¢ ommittec A 5, 0. Askarels. 
The Technical Cohesive Strength of Some y 
Steels and Light Alloys at Low Tempera- 


Electrical Insulating Materials. Report of 


tures—-D. J. McAdam, Jr., R. W. Mebs, Committee D-9, 422. 
and G. W. Geil, 593. Discussion 624. Investigation of Test Procedures for Dielec- j 
tric Strength of Liquid Insulation. Report F 
Amaloy Coatings. of Committee D-9, Appendix IT, 429. 


Proposed Methods of Test for Gas Content 
of Insulating Oil. Report of Committee 
D-9, Appendix IIT, 450. 


Report on Inspections of Metallic Coatings on 
Hardware, etc. Report of Subcommittee 
VIII, Committee A-5, 96. 


Asphalt. 
Analytical Chemistry. am 
: : Bituminous Waterproofing and Roofing Mate- 
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Types of Steel—D. Morkovin and H. F. 39. 
Moore. Report of Research Committee Effect of Temperature on the Properties of - 
on Fatigue of Metals, Appendix, 137. Metals. Report of Joint Research Com- 
Discussion, 156. mittee, 159. 
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Fineness. 


_ Comparative Tests of 52 Brands of Portland 
Cement from 15 Countries—Eugene V. 
Barrett, 793. Discussion, 


Flow of Thermosetting Plastics at Elevated 
7 Temperatures—J. Delmonte and E. Wat- 
: kins, 1009. Discussion, 1016. 


Fly Ash. 


Application of Fly Ash for Lean Concrete 
Mixes—Harry A. Frederick, 810. Dis- 


cussion, 819. 


Footwear. 


_ Summary of Proceedings of the Cincinnati 
} Spring Meeting—Symposium on the Appli- 
eations of Synthetic Rubbers, 1095. 


Galvanic Corrosion. 
- Corrosion of Non-Ferrous Metals and Alloys. 
i. Report of Committee B-3, 222. 


See Zinc Coatings. 


Gas Content Test. 


Proposed Methods of Test for Gas Content of 
oY Insulating Oil. Report of Committee D-9, 
Appendix ITT, 450. 


4 


Gas Welding. 


See Welds. 


Gaseous Fuels. 


Gaseous Fuels. Report of Committee D-3, 
399. he 


asoline. 
- Petroleum Products and Lubricants. 


of Committee D-2, 368. 


Fire Brick. pe 
See Refractories. ‘may * 


Fuel Oil. 
G 


Report 


Proposed Method of Test for Potential Gum 
in Aviation Gasoline. Report of Committee 
D-2, Appendix IV, 393. 


Glass. 


Electrical Insulating Materials. 
Committee D-9, 422. 
Glass and Glass Products. 

mittee C-14, 354. 


Report of 


Report of Com- 


Glass Textiles. 


See also Textiles. 

Recommendations Affecting Standards for 
Textile Materials. Report of Committee 
D-13, Appendix, 481. 

Textile Materials. 
D-13, 474. 


Grain Size. 


Metallography. 
523. 

4 Numerical Rating Method for the Routine 
Metallographic Examination of Commercial 
Magnesium Alloys—P. F. George. Pub- 
lished in ASTM Bu ttetin, No. 129, Aug- 
ust, 1944, p. 35. Discussion, p. 43. 

Study of Effects of Variables on the Creep 

Resistance of Steels (Project No. 18)— 

H. C. Cross and W. Simmons. Report of 

Joint Research Committee on Effect of 

Temperature on the Properties of Metals, 

Appendix I, 161. 


Report of Committee E-4, 


Iron. 
we! ot 
See Cast Iron. 
ey 
Grease. 
See Lubricants. ‘saa 


Gum Test. 
=~. 


Proposed Method of Test for Potential Gum 
in Aviation Gasoline. Report of Com- 
mittee D-2, Appendix IV, 393. 


Hard Rubber. 
See Rubber Products. 
Hardness Testing. 


Factors 
in the Range 50 to 250 Brinell—Robert H. 
Heyer, 1027. Discussion, 1046. 


Report of Committee 


Affecting Hardness Relationships" 
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Indentation Hardness of Plastics—Ladislav 
Boor, 969. Discussion, 992. 
Methods of Testing. Report of Committee 


E-1, 515. 


Hardware. 


Report on Inspections of Metallic Coatings 
on Hardware, etc. Report of Subcommit- 
tee VIII, Committee A-5, 96. 


Heating Elements. 


See Electrical-Resistance and Heating 
Alloys. 


High-Temperature Service Materials. = 
See Refractories; Temperature, Effect of. 


High-Temperature Testing. = 


See Temperature, Effect 
eeedan d Discussion on Centrifugal Castings—N. L. 


Hose. 


Summary of Proceedings of the Cincinnati 
Spring Meeting—Symposium on the Appli- 
cations of Synthetic Rubbers, 1095. 


erat! 
Immersion Test. Mow 


An Alternate Immersion Test for Aluminum- 
Copper Alloys—R. B. Mears, C. J. Walton, 
and G. G. Eldredge, 639. 

Corrosion of Non-Ferrous Metals and Alloys. 
Report of Committee B-3, 222. 


Impact Testing. 


Impact Testing of Plastics—II. Factors 
Which Influence the Energy Absorbed by 
the Specimen—David Telfair and H. K. 
Nason, 993. Discussion, 1006. 
Indentation Hardness. 


Industrial Aromatic Hydrocarbons. 
Industrial Aromatic Hydrocarbons. Report 
of Committee D-16, 490. 
Industrial Waters. 
See Water. 


Corrosion-Resisting Alloy Steels; 


Insulating Materials. 


See Electrical Insulating Re- 
fractories; Thermal Insulating = 


terials. 


See also Cast Iron; Malleable Iron; 
Wrought Iron. 

Colorimetric Methods for the Analysis of 
Ferrous Alloys—Arba Thomas, 769. 

Corrcsion of Iron and Steel. Report of 
Committee A-5, 87. 

Factors Affecting Hardness Relationships in 
the Range 50 to 250 Brinell—Robert H. 
Heyer, 1027. Discussion, 1046. 

Filler Meta]. Report of Joint Committee, 
216. 


Magnetic Properties. Report of Committee __ 


114. 
Summary of Proceedings of Round-Table 


Mochel, 779. 


Iron-Chromium-Nickel Alloys. 
Electrical-Resistance and Heating Al- 


loys. 


Izod Impact. 


See Impact Testing. 


Laboratory Technician. 


The Art of Being a Materials Engineer. 
Annual Address by the President, Dean 


H , 
., 


_ See also Electrical Insulating Materials. 
; Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 362. 


Laminated Wood. 


Fatigue Tests on Compressed and Impreg- 
nated Laminated Wood—Albert G. H. 
Dietz and Henry Grinsfelder. Published 
in ASTM BuLtetin, No. 129, August, 1944, 
p. 31. Discussion, 34. 
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Latex. 
See Rubber Products. 


Lead. 
Sub- 


Atmospheric Corrosion. Report of 
committee VI, Committee B-3, 224. 

Colorimetric Methods for the Analysis of Cop- 
per-Base Alloys and Refined Lead—C€. 
Zischkau, 762. 

Non-Ferrous Metals and Alloys. 
Committee B-2, 220. 

Performance atmospheric 
tests of electroplated lead coatings on steel. 
Report of Subcommittee II, Committee 
B-8, 280. 


Proposed Specifications for Lead-Alloy (Hot- 


Report of 


Tests, exposure 


Dip)” Coated Steel Sheets. Report of 
Committee A-5, Appendix, 110. 
Lead Coatings. 


Report on Inspections of Metallic Coatings on 
Hardware, etc. Report of Subcommittee 

VIII, Committee A-5, 96. 


Lecture. 

Engineering Approach 
Nine- 
Harold 


Textile Fibers—An 
to Their Properties and Utilization. 
teenth Edgar Marburg Lecture 
DeWitt Smith, 543. 


Light Aging Test. 
See Weathering. 


‘Light Metals. 


See Aluminum; Magnesium. 


Lime. 
_ The Effects of Certain Variations in Con- 
sistency and Curing Conditions on the 
Compressive Strengths of Cement-Lime 


Mortars—G. J. Fink, 780. Discussion, 
788. 
Lime. Report of Committee C-7, 317. 


_ Use of the Autoclave for Testing Lime. Re- 
* port of Special Subcommittee, Committee 
C-7, 320. 


Liquid Dielectrics. 


+ See Askarels; Electrical Insulating Mate- 


rials; Transformer Oils. 
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Low-Temperature Testing. = 


See Temperature, Effect of. 


Lubricants. 


See also Petroleum Products. 

Conversion Tables for Petroleum Oils of 
Metric Tons in Vacuo to Long and Short 
Tons in Air.. Report of Committee D-2, 
Appendix I, 381. 

Oil Measurement. Report 
D-2, Appendix II, 384. 


of Committee 


Petroleum Products and Lubricants. Report 
of Committee D-2, 368. 
Petroleum Products and Lubricants. Report 
of Sectional Committee Z11, 398. — 


Magnesium. 

Colorimetric Methods for the Analysis of 
Magnesium-Base Alloys—V. 
754. 

Die-Cast Metals and Alloys. 
Committee B-6, 261. 

Factors Affecting Hardness Relationships 
in the Range 50 to 250 Brinell—Robert 
H. Heyer, 1027. Discussion, 1046. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 266. 

A Numerical Rating Method for the Routine 
Metallographic Examination of Commer- 
cial Magnesium Alloys—P. F. George. 
Published in ASTM Buttetin, No. 129, 
August, 1944, p. 35. Discussion, p. 43. 

Proposed Revisions in Tentative Methods of 


A. Stenger, 


Report of 


Preparation of Metallographic Specimens 
Report of Committee F-4, Appendix, 525 
Recommendations Affecting Standards for 
Light Metals ard Alloys, Cast and Wrought. 
Report of Committee B-7, Appendix, 270. 
The Technical Cohesive Strength of Some 
Steels and Light Alloys at Low Tempera- 
tures—D. J. McAdam, Jr., R. W. Mebs, 
and G. W. Geil, 593. Discussion 624. __ 
* 


Magnesium Sulfate Test. > 


A Comparison of Results of Sieving Proce- 
dures in Soundness Tests on Maine Sands— 
Andrew Adams and Horace A. Pratt, 806. 
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Magnetic Testing. 


Magnetic Properties. 
A-6, 114. 

Report on Round-Robin Core Loss Testing 
at High Flux Densities. Committee A-6 
120. 


Report of Committee 


Malleable Iron. 


Malleable-Iron Castings. Report of Com- 
mittee A-7, 124. 


Marburg Lecture. 


Textile Fibers—An Engineering Approach to 
Their Properties and Utilization. Nine- 
teenth Edgar Marburg Lecture—Harold 
DeWitt Smith, 543. . 

Masonry Units. 

See also Brick. 

Manufactured Masonry Units. 
Committee C-15, 356. 
Mortars for Unit Masonry. 

mittee C-12, 352. 


Report of 


Report of Com- 


Materials Engineer. 


The Art of Being a Materials Engineer. 


Annual Address by the President, Dean 
Harvey, 30. 
Melton. 


Factors Influencing the Breaking Strength of 
Army and Navy Werner 
Bergen, John C. Hintermaier, 
Ullman, 916. 


Fabrics von 


and Eric 


Membership. 


Annual Report of the Executive Committee, 
39. 


Metal Powders. 


Metal Powders and Metal Powder Products. 
Report of Committee B-9, 292. 


Met allography. 


Metallography. Report of Committee E-4 
523. 

A Numerical Rating Method for the Routine 
Metallographic Examination of Commer- 
cial Magnesium Alloys—P. F. George. 
Published in ASTM Buttetin, No. 129, 
August, 1944, p. 35. Discussion, p. 43. _ 


Methods of Testing. 


__—-ysis, sampling, testing, etc., are indexed 


them.) 
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INDEX 1111 


Proposed Revisions in Tentative Methods of 
Preparation of Metallographic Specimens. 
Report of Committee E-4, Appendix, 525. 


(Papers and reports covering methods of anal- 


_ under the materials and subjects covered 


Methods of Testing. Report of Committee 
E-1, 515. 
Mica. 


Electrical Insulating Materials. 
Committee D-9, 422. 


Report of 


Micro-Deformation. 


Micro-Deformation Under Tension and Com- 
pression Loads of Thin Aluminum Alloy 
Sheets for Aircraft Construction—Georges 
Welter, 665. Discussion 682. 


Modulus of Elasticity. rear? 
The Effect of Discontinuities on the ila 
Frequency of Beams—Philip G. Kirmser, 
897. 
Tests Comparing the Modulus of Elasticity of 
Portland Cement Concrete as Determined 
by the Dynamic (Sonic) and Compression 
(Secant at 1000 psi.) Methods—Thomas 
E. Stanton. Published in ASTM But e- 
TIN, No. 131, December, 1944, p. 17. _ 
Discussion, p. 20. 


Molded Insulating Materials. = 
See Electrical Insulating Materials; Plas- 


tics; Thermal Insulating Materials. — 
Mortar. vie, 
The Data on Darex AEA 
H. J. Gilkey. 
Appendix, 300. 
The Effects of Certain Variations in Con- — 
sistency and Curing Conditions on the 
Compressive Strengths of Cement-Lime 


summarized by 
Report of Committee C-1, 


Mortars G. J. Fink, 780. Discussion, 
788. 
Lime. Report of Committee C-7, 317. 


Mortars for Unit Masonry. 
mittee C-12, 352. 

Report of Working Committee on Additions. 
Report of Committee C-1, 299. 
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Mortar (Continued). 

_ Report on Cooperative Studies of Proposed 

aa Method of Test for Air Content of Port- 
land-Cement Mortar. Report of Com- 
mittee C-1, Appendix I, 306. 

Use of the Autoclave for Testing Lime. Re- 
port of Special Subcommittee, Committee 
C-7, 320. 

Volumetric Method for Determining the Air 

Content of Freshly Mixed Concrete—J. C. 

Pearson. 

pendix, 343. Discussion, 351. 


Motor Fuel. 
See Gasoline; Petroleum Products. = 


Motor Oils. 


See Lubricants; Petroleum Products. 
— 

j 


Nails. 


Report on Inspections of Metallic Coatings on 
Hardware, etc. Report of Subcommittee 
VIII, Committee A-5, 96. 


Natural Building Stone. 
See Aggregates. 


Natural Frequency. 


Naval Stores. 


The Effect of Discontinuities on the Natural 
Frequency of Beams—Philip G. Kirmser, 
897. 


7 Naval Stores. Report of Committee D-17, 
492. 

Proposed Methods of Test for Unsaponifiable 

1 Matter in Rosin. Report of Committee 


D-17, Appendix, 495. 
Nickel. 


Atmospheric Corrosion. Report of Subcom- 
mittee VI, Committee B-3, 224. 


Electrodeposited Metallic Coatings. Report 
of Committee B-8, 278. 
Non-Ferrous Metals and Alloys. Report of 
Committee B-2, 220. = 
- 


Nickel-Chromium Alloys. 


Steel; Electrical Resistance and Heat- 
+ 7 ing Alloys. 


Nickel-Copper Alloys. | 
4 


Report of Committee C-9, vlad 


Notched Specimen. 


_ Numerical Rating Method. 


See Alloy Steel; Corrosion-Resisting Alloy 


| 


Atmospheric Corrosion. Report of Sub- 
committee VI, Committee B-3, 224. 

Non-Ferrous Metals and Alloys. Report of 
Committee B-2, 220. 


Nickel-Silver Alloy. 
See Brass; Bronze. 
t@ 
Nomenclature. 


See Definitions of Terms. 


The Technical Cohesive Strength of Some } 
Steels and Light Alloys at Low Tempera- 
tures—D. J. MeAdam, Jr., R. W. Mebs, 
and G. W. Geil, 593. Discussion 624. 


A Numerical Rating Method for the Routine | 
Metallographic Examination of Commer- 
cial Magnesium Alloys—P. F. George. 
Published in ASTM Bu ttetin, No. 129, 
August, 1944, p. 35. Discussion, p. 43. 


See Lubricants; Petroleum Products; 
Transformer Oils. 


Proposed Method of Test for Potential Gum 
in Aviation Gasoline. Report of Com- 


mittee D-2, Appendix IV, 393. ill 
P ‘ 


Paints. 


See also Electrical Insulating Materials. 

The Interpretation of Visual Rusting Stand- 
ards—W. F. Singleton, 910. 

Measurement of Fading Resistance of Cam- 
ouflage Type Finishes by Accelerated 
Weathering—J. W. Iliff and L. B. Darrall, 
905. 

Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 362. 


Paper. 


Electrical Insulating Materials. _— of 


Committee D-9, 422. "= 


— 
= | 


Paper and Paper Products. 
mittee D-6, 411. 

The Use of Selected Waters in Pulp and Paper 
Manufacture—Lewis B. Miller, 1061. 


Report of Com- 


Papers and Publications. 


Annual Report of the Executive Committee, 
39. 

Summary of Proceedings of the Forty-seventh 
Annual Meeting, 1. 


Parkerized Coatings. 


Report on Inspections of Metallic Coatings 
on Hardware, etc. Report of Subcommit- 
tee VIII, Committee A-5, 96. 


Particle Size. 


Methods of Testing. Report of Committee 
E-1, 515. 


Paving Materials. 


See Aggregates; Asphalt; Brick; Cement; 
Concrete; Soils. 


Penetration. 


See Consistency. 


* 


Permeability. 
See Magnetic Testing. 
~ Paw, 


Petroleum Products. Y 


Conversion Tables for Petroleum Oils of 
Metric Tons in Vacuo to Long and Short 
Tons in Air. Report of Committee D-2, 
Appendix I, 381. 

Investigation of Test Procedures for Dielec- 
tric Strength of Liquid Insulation. Report 
of Committee D-9, Appendix II, 439. 

Oil Measurement. Report 
D-2, Appendix II, 384. 


of Committee 


Petroleum Products and Lubricants. Report 
of Committee D-2, 368. 
Petroleum Products and Lubricants. Report 


of Sectional Committee Z11, 398. 

Proposed Method of Analysis of Petroleum 
Sulfonates. Report of Committee D-2, 
Appendix III, 386. 

Proposed Method of Test for Potential Gum 
in Aviation Gasoline. Report of Com- 


mittee D-2, Appendix IV, 393. 


492. 


Proposed Methods of Test for Gas Content of 
Insulating Oil. Report of Committee D-9, 
Appendix III, 450. 


pH Value. 
Methods of Testing. Report of Committee 


E-1, 515. 


See Electrical Insulating Materials; Plas- 


Phenolic Materials. 


tics. 
| ve are 


Symposium on Analytical Colorimetry and 
Photometry: 

Opening Remarks—G. E. F. Lundell, 709. 

Introduction—Trends in Analytical Chem- 
istry—B. L. Clark, 710. 

Colorimetric Analysis and Beer’s Law— 
John L. Hague, 712. 

Filter Photometers—A. E. Ruehle, 718. 

Glass Photometric Filters—O. A. Gage, 
720. 

Spectrophotometers—Kasson §. Gibson, 
725. 

The Chemistry in Colorimetry—M. G. 
Mellon, 733. 

Bibliography of Photoelectric Spectro- 
photometric Methods of Analysis for 
Inorganic Ions—J. W. Stillman, 740. 

Colorimetric Determination of Silicon in 
Aluminum Alloys—Joseph J. Stumm, 
749. 

Colorimetric Methods for the Analysis of 
Magnesium-Base Alloys—V. A. Stenger, 
754. 

Colorimetric Methods for the Analysis of 
Copper-Base Alloys and Refined Lead— 
C. Zischkau, 762. 

Colorimetric Methods for the Analysis of 7 
Ferrous Alloys—Arba Thomas, 769. 


See also Paints. 


Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 362. 


Naval Stores. Report of Committee D-17, 


Pine Oil. 
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Summary of Proceedings of Round-Table 
Discussion on Centrifugal Castings, N. L. 
Mochel, 779. 


Pipe. 
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Plastic Refractories. 
See Refractories. 


Plastics. 


See also Electrical Insulating Materials. 

Electrical Insulating Materials. Report of 
Committee D-9, 422. 

Flow of Thermosetting Plastics at Elevated 
Temperatures— J. Delmonte and E. Wat- 
kins, 1009. Discussion, 1016. 

Impact Plastics IT. 
Which Influence the Energy Absorbed by 
the Specimen David Telfair and H. K. 
Nason, 993. 1006. 

Indentation Hardness of Plastics 
Boor, 969. Discussion, 992. 

Plastics. Report of Committee D-20, 505. 

Proposed Revisions in Standards for Plas- 
tics. Report of Committee D-20, Appen- 
dix, 510. 

Short-Time Static Tests and Creep Tests of a 

W. N. Findley 


Discussion, 967. 


Testing of Factors 


Discussion, 
Ladislav 


Paper Laminated Plastic 
and W. J. Worley, 949. 


Plating. 
See Electrodeposited Coatings. 


Plywood. 


Timber. Report of Committee D-7, 415. 


Portland Cement. 


See Cement. 


Powder Metal Products. 
See Metal Powders. 


Presidential Address. 


The Art of Being a Materials Engineer. An- 
nual Address by the President, Dean 
Harvey, 30. 

Processing Rubber. 


Summary of Proceedings of the Cincinnati 
Spring Meeting—Symposium on the Ap- 


plications of Synthetic Rubbers, 1095. ' 


ts 
Publications. wat.’ 
See Papers and Publications. 


pls 

The Measurement of Concrete Strength by 
Embedded Pull-Out Bars—Bailey Trem- 
per, 880. 


Pull-Out Strength. 


Pulp. 


The Use of Selected Waters in Pulp and Paper 


Manufacture—Lewis B. Miller, 1061. 
Q 
see me. 
R 


Radio Materials. 


See Electrical-Resistance and Heating 
Alloys; Electronic Materials. 


See Speed of Testing. 
Rate of Stressing. 

See Speed of Testing. nd | 
Rayon. - 


See also Textiles. 

Recommendations Affecting Standards for 
Textile Materials. Report of Committee 
D-13, Appendix, 481. 

Textile Materials. Report of Committee 


D-13, 474. 


Reflectance. 


Measurement of Fading Resistance of Cam- 


ouflage Type Finishes by Accelerated 
Weathering—J. W. Lliff and L. B. Darrall, 
905. 
Refractories. 


Refractories. Report of Committee C-8, 331. 


Research. 
Annual Report of the Executive Committee, 
39. 
The Art of Materials 
Annual Address by the President, Dean 


Being a Engineer. 


Harvey, 30. 
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SUBJECT 


Correlation of Short- and Long-Time Ele- 
vated Temperature Test Methods (Project 
- No. 25). Report of Joint Research Com- 
mittee on Effect of Temperature on the 
Properties of Metals, Appendix II, 186. 
Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 


mittee, 159. 
un Fatigue of Metals. Report of the Research 
Committee, 136. 
Study of Effects of Variables on the Creep 


Resistance of Steels *(Project. No. 18) 
H. C. Cross and W. Simmons. Report of 
* Joint Research Committee on Effect of 
~ 7 Temperature on the Properties of Metals, 
Appendix I, 161. 

Thitd Progress Report on the Effect of Size 
of Specimen on Fatigue Strength of Three 
Types of Steel—D. Morkovin and H. F. 
Moore. Report of Research Committee 
on Fatigue of Metals, Appendix, 137. 
Discussion, 156. 


Resins. 


See also Plastics; Rosin; Shellac; Soaps 
and Detergents; Varnish. 

Fatigue Tests on Compressed and Impreg- 
nated Laminated Wood—Albert G. H. 

_ Dietz and Henry Grinsfelder. Published 

in ASTM Bu tetin, No. 129, August, 1944, 
p. 31. Discussion, 34. 

The Reaction of Vinsol Resin as It Affects the 
Air Entrainment of Portland-Cement Con- 
crete—Charles Wuerpel and Albert 
Weiner. Published in ASTM BwuLtetin, 

: No. 130, October, 1944, p. 41. Discussion, 

op. 43. 


Road Materials. 


See also Brick; 


Aggregates, 


Asphalt; 
Cement, Concrete; Soils. 


Road and Paving Materials. 
Committee D-4, 401. 
Soils for Engineering Purposes. Report of 


Committee D-18, 497. | 


Bituminous Waterproofing and Roofing Ma- 
terials Report of Committee D-8, 417. 


Report of 


Rockwell Hardness. 


See Hardness Testing. 


Roofing. 


INDEX. 


Rosin. 


Naval Stores. 
492. 
Proposed Method of Test for Unsaponifiable 


Report of Committee D-17, 


Matter in Rosin. Report of Committee 

D-17, Appendix, 495. 
Rubber Products. 


Rubber Products. 
11, 459. | 
Summary of Proceedings of the Cincinnati 
Spring Meeting—Symposium on the Appli- 
cations of Synthetic Rubbers, 1095. 
Rusting Standards. 
ry . . 
he Interpretation of Visual Rusting Stand- 
ards—W. F. Singleton, 910. 


Report of Committee D- 


Salt Spray Tests. 


See also Corrosion. 

Basic Requirements in the Standardization of 
the Salt Spray Corrosion Test—Leo J. 
Waldron, 654. Discussion, 663. 

Corrosion of Non-Ferrous Metals and Alloys, 
Report of Committee B-3, 222. 


Sampling. 


Oil Measurement. Report of Committee 
D-2, Appendix II, 384. 


Sand. 


A Comparison of Results of Sieving Pro- 


cedures in Soundness Tests on Maine 
Sands—Andrew Adams and Horace A. 
Pratt, 806. 


| 


Sand Castings. 
See Castings. 
Sanford E. Thompson Award. 


Summary of Proceedings of the Forty-sev- 
enth Annual Meeting, 26. Report of Com- 
mittee C-9, 3306. 


Screws. 
re 
Report on Inspections of Metallic Coatings on 


Hardware, etc. Report of Subcommittee 
VIII, Committee A-5,96. 
40) 


See Corrosion; Immersion Tests. 


Sea Water Corrosion. 
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Factors Influencing the Breaking Strength of 
Army and Navy Fabrics—Werner von 
Bergen, John C. Hintermaier, and Eric 
Ullman, 916. 


: Serge. 


_ Shear Testing. 


Short-Time Tests of Solders and Soldered 
Joints—J. A. Kies and W. F. Roeser, 691. 
Discussion, 707. 


Sheets. 


Proposed Specifications for Lead-Alloy (Hot- 
Dip) Coated Steel Sheets. Report of 
Committee A-5, Appendix, 110. 


Shellac. 
: Electrical Insulating Materials. Report of 


Committee D-9, 422. 
Paint, Varnish, Lacquer, and Related Prod 
ucts. Report of Committee D-1, 362. 
Sherardized Coatings. 


Report on Inspections of Metallic Coatings on 
Hardware, etc. Report of Subcommittee 


VIII, Committee A-5, 96. 
* 
Bituminous Waterproofing and Roofing Ma- 
terials. Report of Committee D-8, 417. 
Shipping Containers. 


Paper and Paper Products. 
mittee D-6, 411. 


Report of Com- 


Sieving. 


A Comparison of Results of Sieving Proce- 
dures in Soundness Tests on Maine Sands— 
Andrew Adams and Horace A. Pratt, 806. 


Silicon. 


Colorimetric Determination of Silicon in 
Aluminum Alloys—Joseph J. Stumm, p. 
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Silicon Steel. 


at High Flux es Committee A-6, 
120. 


Svagner INDEX 


Size Effect. 


Speétrographic Analysis. 


Report on Round-Robin Core Loss Testing 


Third Progress ied on the Effect a Size 
of Specimen on Fatigue Strength of Three ) 
Types of Steel—D. Morkovin and H. F. 
Moore. Report of Research Committee on 
Fatigue of Metals, Appendix, 137. Dis- 
cussion, 156. 


Soaps and Detergents. 


Soaps and Detergents. Report of Com- 
itt D-12, 3 
mittee 2, 470 


Soils for Engineering Purposes. 

Committee D-18, 497. 


Report of 


Solder. 


Non-Ferrous Metals and Alloys. Report of 
Committee B-2, 220. | 
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